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Aperiodic Life
Complete preset catalogue
89 configurations | 56 complete rules | 12 rule templates
Version 3.7.4 | Catalogue revision 2 | 14 October 2026

t = 60
N = 8; L = 4

t = 3
N = 9; L = 9

t = 24
N = 21; L = 10

Abstract
This catalogue documents all 89 curated configurations in Aperiodic Life 3.7.4: 22 on the
Einstein-hat tiling, 21 on Penrose rhombs, 36 on the hexagonal lattice and 10 on the square
lattice. Every entry has its exact rule, initialisation, production-engine illustrations, computational
evidence and attribution. All 56 complete rule-sets are registered, and all 12 named rule presets
are described separately.

Scope of originality
The catalogue identifies 55 configurations original to this package for which no exact precedent
was found in the literature reviewed to 14 October 2026. A further package search result, P09,
may be Owens and Stepney’s published fireworks oscillator [5], [6]; its identity remains
unresolved. Four deliberate package constructions, 25 published examples and four adaptations
complete the 89 entries. Each adaptation names its parent pattern or rule and states what
changed.

Authorship and status
AI generated following prompts by Murdoch J. Gabbay. Catalogue revision 2, 14 October 2026,
for Aperiodic Life 3.7.4. The software package was vibe-coded by Murdoch J. Gabbay. This
catalogue reports computational checks and source comparisons; it is not a peer-reviewed
paper. Each reproduced pattern and rule names its source with a numbered reference.

Start with the rule guide (p. 3) | Browse the pattern directories (pp. 10-14) | Rule index (p. 104)
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1. Scope and attribution
Origin / status Count Meaning

Original package configurations 55 No exact precedent identified in literature reviewed to 14
October 2026

Possible earlier match 1 P09: Owens-Stepney fireworks [5], [6]; identity unresolved

Package constructions 4 C01-C04: explicitly named mechanism and construction

Published examples 25 Author, named pattern and numbered source on each page

Adaptations 4 Named parent pattern/rule and precise change on each page

What is included
Every entry in discoveries.js appears once, with a stable identifier and a linked rule reference. The 12 named
options in the separate rule selector also appear. The Custom option, arbitrary painted states and arbitrary
random seeds are not finite preset lists. Penrose sun/star selects geometry, not a cellular-automaton pattern.
Spectre and Goucher API-only tables are distinguished from the UI presets.

Original to this package, or already known?
ORIGINAL TO THIS PACKAGE identifies a configuration generated by this package’s search, with no exact
precedent identified in the literature reviewed to 14 October 2026. It does not attribute an established update
rule or travelling mechanism to this package, and the review cannot exclude unexamined or unpublished earlier
work. CONSTRUCTED HERE identifies a deliberate assembly and names its underlying rule or principle.
PUBLISHED names the author, pattern or mechanism and numbered source. ADAPTATION names that
predecessor, its source and the change. P09 is labelled POSSIBLE PUBLISHED MATCH, not original.

What has been compared
The audit uses Owens and Stepney’s Penrose catalogue [5], [6], Goucher’s Penrose-glider paper [4], Edmond’s
paper and compendium [2], [3], the hexagonal seed records identified in X23-X35, Stephen Silver’s Life Lexicon
[24], [25], [26], [27], [29], [30], [32], and retained exact-state comparisons. Eleven hexagonal precedents have
executable comparison records. Coverage is incomplete: the wider hexagonal databases and unpublished work
have not been exhausted. A failed search or inaccessible web page is not evidence of originality.

How to use this document
Start with the plain-language rule guide, then the neighbourhood diagrams and rule-status definitions. Tiling
directories link to every illustrated configuration. H, P, X and S label Hat, Penrose, hexagonal and square entries;
C01-C04 retain the earlier catalogue’s constructed-example labels. R01-R56 denote complete rule-sets. U01-U12
denote rule-selector templates, which need a chosen graph. These labels are document references, not standard
names.
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2. Reading the rules
Update convention
Each polygon is one cell. All cells update simultaneously using the states before the update. A
complete rule specifies the tiling, neighbour relation, transition rule and total state count C. A B/S
string alone does not specify all four. The cell itself is never counted as its neighbour.

Worked example: R40
R40 is B234/S245 with C = 5 on the shared-edge hexagonal graph. An empty cell is born with
exactly 2, 3 or 4 live neighbours. A live cell survives with exactly 2, 4 or 5. The six neighbours are
precisely the edge-sharing hexagons. Thus R40:S5 means survival with exactly five of those six
neighbours live. S5 is one clause, not an entire rule. The example is X08, the ten-step knightship
launcher.

States and refractory time
State 0 is empty and state 1 is live. Only state 1 contributes to B/S neighbour counts. With C = 2,
a live cell that fails survival becomes 0. With C > 2, it becomes state 2; refractory states then
advance one step each generation, regardless of neighbours, through 2, 3, ..., C-1 and back to 0.
A refractory cell cannot be born until it is 0 again. In R40 the death sequence is 1, 2, 3, 4, 0.

Exact counts, not thresholds
B12 means one or two neighbours, not twelve. B2/S has no survival counts, whereas B2/S0
permits survival with zero live neighbours. A multi-digit count is bracketed, for example
B[10]/S[9,10]. None of R01-R56 needs a multi-digit B/S count. By contrast, priority-table
conditions n_i >= k mean at least k neighbours in state i, including i = 0.

Priority tables are different
Named TABLE rules count each neighbour state separately and take the first matching ordered
row. All conditions in that row must hold. No match gives state 0. The higher states are signals,
with no automatic refractory ageing. The complete ordered rows, including defaults and state
totals, appear in the rule register.

X08 (p. 65) demonstrates R40:S5. R40 (p. 119) supplies the complete definition and prior-use status.
Neighbourhood diagrams (p. 6).
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3. Reading a priority table
These three tables use Hat edge-or-point contacts and C = 4. n_i counts neighbours in state i,
including empty state 0. All conditions must hold; the first matching row wins, otherwise the next
state is 0. “Any” permits every own state. Higher states do not age automatically.

R15 / TABLE:HAT-WAKE - Package-evolved table; no identified precedent

Row Own state All required conditions Next

R15.1 1 n_0 >= 3 and n_2 >= 1 2

R15.2 0 n_0 >= 4 and n_2 >= 1 1

R15.3 1 n_0 >= 4 3

R15.4 0 n_1 >= 1 and n_2 >= 1 3

R10 / TABLE:HAT-A - Published rule: James Edmond’s Hat A

Row Own state All required conditions Next

R10.1 0 n_2 >= 2 0

R10.2 any n_1 >= 3 3

R10.3 2 n_1 >= 1 and n_0 >= 1 1

R10.4 1 n_2 >= 1 3

R10.5 0 n_1 >= 1 2

R11 / TABLE:HAT-B - Published rule: James Edmond’s Hat B

Row Own state All required conditions Next

R11.1 0 n_1 >= 2 and n_0 >= 1 0

R11.2 0 n_0 >= 2 and n_2 >= 2 1

R11.3 0 n_0 >= 2 and n_3 >= 1 1

R11.4 1 n_3 >= 1 3

HAT-A omits redundant duplicate/default-zero rows from James Edmond’s Hat A table [2], [3] without changing its
transition. A dead-to-dead row may still block a later birth. HAT-B retains its state-2 row even when that state is
unreachable from a particular seed. Missing external neighbours are absent, not additional state-0 cells. The six
used tables are R10-R15.
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4. What the evidence establishes
Exact cycles and regular-lattice spaceships
A stationary cycle satisfies F^p(S) = S on the same graph; its least positive p is its period. A
transient of a steps means that the first recurrent phase is F^a(S). Equality concerns the entire
labelled state. On an infinite translation-invariant lattice, F^p(S) = T_d(S) with nonzero
displacement d and a verified empty exterior implies F^(kp)(S) = T_(kd)(S). The hexagonal
unbounded reference supplies such exact certificates for the identified moving cycles.

Aperiodic motion is finite evidence
A translated cluster on an aperiodic graph need not encounter the same surroundings forever.
The Hat and Penrose travel records therefore state finite horizons. They do not prove an
immortal Einstein glider. Exact stationary cycles do recur on their fixed finite graph; boundary
separation is reported where measured.

Launchers, emitters, guns and puffers
A launcher produces outgoing bodies once. A recurring emitter regenerates a source over the
tested interval. An indefinite gun claim needs a repeatable source and proof that outgoing bodies
never interfere with later emissions. H03 is a finite aperiodic emitter. The identified hexagonal
gun and puffers have separate separation certificates; a growing puffer’s complete state is not a
spaceship.

Measurements
N counts all nonzero cells; L counts state-1 cells. They differ for multistate rules. Cycle territory is
the union of nonzero sites throughout a cycle. Boundary distance counts graph steps, with the
outermost cells at zero. Polygon matches use the tolerances recorded in the evidence; they are
not symbolic geometric proofs.

Figures
All 267 pattern panels are snapshots from the production engine and retain every nonzero cell.
Pale cells are optional immediate zero-state context. Stationary cycle panels use one fixed view
and scale; other panels are independently centred and scaled without rotation. The caption
states the convention. Colours identify states. Every snapshot retains a complete-state hash and
exact polygon coordinates in the source data.
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5. Exactly which cells count?
Definition
Shared-edge means a common boundary segment of positive length. Touch means edge or
boundary-point contact, including a corner meeting another tile’s edge at a T-junction. The
examined cell is excluded. Hat and Penrose neighbour counts vary with position.

Hexagonal
6 edge; 6 touch neighbours

Penrose
4 edge; 8 touch neighbours

Hat
6 edge; 7 touch neighbours

Dark = examined cell; blue = edge neighbour; amber = point-contact-only neighbour. These colours show
adjacency, not automaton states. The displayed Hat/Penrose counts are local examples, not universal degrees.

Regular lattices
A square touch neighbourhood has eight cells: four sharing edges and four diagonal corner
contacts. A square edge neighbourhood has four. All ten curated square configurations use
touch. The hexagonal edge and touch graphs coincide: at each vertex only three hexagons meet
and every pair shares an edge. There are exactly six neighbours.

Coordinates and borders
Hexagonal axial neighbours differ by (1,0), (1,-1), (0,-1), (-1,0), (-1,1), or (0,1). A cell (q,r) has
centre (sqrt(3)(q+r/2), 3r/2). Square coordinates are integer column/row coordinates.
Hat/Penrose tile IDs depend on the released builder, depth and seed. A border parameter b locks
cells at graph-boundary distance less than b to state 0. There is no wraparound; external missing
cells are not additional state-0 neighbours in a priority table.
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6. Rule names and provenance
Complete rule identifiers
R01-R56 each fixes the tiling, neighbour relation, transition and C. The seed, patch size and
locked border then specify an experiment. The same B/S digits on different graphs or with
different C values describe different automata. R40:S5 uniquely identifies one survival clause;
R15.1 identifies row 1 of the ordered R15 table.

Standard, previously used, or original?
Binary birth/survival, Generations refractory rules and ordered state-count tables are established
formalisms. A rule card names its documented earlier author or user and the publication that
contains it. If the package transfers standard counts to a different graph, the card names that
standard rule and graph change. If no earlier use of a complete graph/update/state-count
specification was identified, the card says so explicitly and dates that statement to 14 October
2026. An adapted table names its parent: R13 derives its mature mechanism from Edmond’s
Spectre relay [2], [3]; R14 derives from his Hat B table R11 [2], [3]. R15 was evolved in this
package; Edmond’s work is background for its search framework, not a source for that exact
table.

Rules and patterns have separate credit
R10 and R11 are Edmond’s published Hat rules. H02 and H03 are separately searched
launch/source seeds under those rules and their known travelling mechanism. Calling B3/S23
Conway does not attribute a Hat, Penrose or hexagonal arrangement to Conway. The XOR
construction uses a known additive principle. Each entry gives both its pattern status and a link
to the rule’s status.

Unresolved identity
P09, penrose-conway-p12, matches the period 12, territory 33 and minimum population 6 of
Owens and Stepney’s fireworks oscillator r-p12-33-6. These invariants do not determine identity.
The exact geometric comparison is unresolved, and the pattern is not claimed original [5], [6].
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7. Named rule presets
U labels identify the 12 named options in the rule selector. Choosing one changes the transition and C while
retaining the chosen tiling and neighbour relation. Each becomes a complete rule only after that graph is
specified. “Custom” is an editing state, not another named rule.

U01 Conway
B3/S23 | C = 2

Origin and earlier use: Standard published rule: John H. Conway; original public account by Martin Gardner
(1970). Standard Conway Life uses the eight-neighbour square graph. On another selected graph this preset
transfers the same counts, producing a different automaton.

Rule account: Gardner on Conway [13]; notation: Golly [14] | Complete graph example: R55 (p. 124)

U02 HighLife
B36/S23 | C = 2

Origin and earlier use: Standard published rule: The established square Moore-neighbour HighLife rule. Nathan
Thompson’s 1994 replicator and David Bell’s investigations predate this package. Other selected graphs give
adaptations of these counts.

HighLife rule and replicator: Eppstein [17]; notation: Golly [14] | Complete graph example: R56 (p. 124)

U03 Seeds
B2/S | C = 2

Origin and earlier use: Standard published rule: Established two-state Seeds rule on the square Moore
neighbourhood; the empty survival set means every live cell dies at the next update. Applying the counts to
another graph does not transfer authorship or establish a new rule.

Named rule source: Golly QuickLife, Seeds [14] | Complete graph example: R01 (p. 106)

U04 Brian’s Brain
B2/S | C = 3

Origin and earlier use: Standard published rule: Brian Silverman’s Brian’s Brain, conventionally on the square
Moore neighbourhood. This is B2/S with three total states: failed survival gives state 2, which becomes 0 on the
following update. The selected graph remains in force.

Brian Silverman attribution: Rucker and Walker [7]; framework: Golly [33] | Complete graph example: R19 (p. 112)

U05 Star Wars
B2/S345 | C = 4

Origin and earlier use: Standard published rule: Mirek Wójtowicz’s Star Wars, conventionally on the square Moore
neighbourhood. This four-state Generations rule uses exact birth count 2 and exact survival counts 3, 4 or 5. No
curated configuration currently selects this complete rule.

Named rule and authorship source: Golly Generations [33]

U06 Life without Death
B3/Sall | C = 2

Origin and earlier use: Standard published rule, graph-dependent survival list: A published rule studied by
Griffeath and Moore (1996). Birth requires exactly three live neighbours; every live cell survives. Sall is a
descriptive menu shorthand: the app expands it to every count from 0 to the maximum degree of the selected
graph. On square touch this is B3/S012345678; on hex edge it is B3/S0123456.

Published rule study: Griffeath and Moore (1996) [34]
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7. Named rule presets (continued)
U labels identify the 12 named options in the rule selector. Choosing one changes the transition and C while
retaining the chosen tiling and neighbour relation. Each becomes a complete rule only after that graph is
specified. “Custom” is an editing state, not another named rule.

U07 Hat glider A - Edmond table
TABLE:HAT-A | C = 4

Origin and earlier use: Published table: James Edmond’s published four-state Hat A table, reproduced in full as
R10. The cited glider behaviour uses Hat boundary-contact neighbours; selecting this menu option does not
change the graph.

Published Hat A table: James Edmond’s paper and compendium [2], [3] | Full Hat/touch table: R10 (p. 109)

U08 Hat glider B - Edmond table
TABLE:HAT-B | C = 4

Origin and earlier use: Published table: James Edmond’s published four-state Hat B table, reproduced in full as
R11. The published complete rule uses Hat boundary-contact neighbours; another selected graph gives a
different automaton.

Published Hat B table: James Edmond’s paper and compendium [2], [3] | Full Hat/touch table: R11 (p. 109)

U09 Hat glider C - Edmond table
TABLE:HAT-C | C = 4

Origin and earlier use: Published table: James Edmond’s published four-state Hat C table, reproduced in full as
R12. His previously demonstrated triple launch is catalogued as H21 with a separately selected placement. The
cited rule uses Hat boundary-contact neighbours.

Published Hat C table and launch behaviour: Edmond [2], [3] | Full Hat/touch table: R12 (p. 109)

U10 Hat glider - three-state table
TABLE:HAT-SIMPLE | C = 3

Origin and earlier use: Adaptation of Edmond’s Hat B (R11): The package removes a state unused by H20’s
launch, relabels and drops an empty-neighbour birth guard. R14 agrees on the checked launches but differs on
other inputs. No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Parent table: Edmond’s Hat B, R11 [2], [3] | Full Hat/touch table: R14 (p. 110)

U11 Hat wake traveller
TABLE:HAT-WAKE | C = 4

Origin and earlier use: Package-evolved table; no identified precedent: R15 records the full table, obtained by the
package’s independent random-initialised search and reduction. No earlier exact specification was identified in
literature reviewed as at 14 October 2026. Edmond’s framework is background, not the source of this table.

Background framework, not this exact table: Edmond [2], [3] | Full Hat/touch table: R15 (p. 110)

U12 Hat two-row relay - Spectre variant
TABLE:HAT-RELAY | C = 3

Origin and earlier use: Adaptation of Edmond’s Spectre relay: R13 was reduced during the package’s
investigation of R15. H16’s checked mature trajectory matches Edmond’s Spectre relay after state relabelling;
ignition and global guards differ.

Adapted travelling mechanism: Edmond’s Spectre relay [2], [3] | Full Hat/touch table: R13 (p. 110)

The Core API additionally exposes TABLE:SPECTRE, James Edmond’s Spectre table [2], [3], and
TABLE:PENROSE-GOUCHER, Adam P. Goucher’s Penrose table [4]. Their full rows are in catalogue-data.json, field
ruleTables. They have no named UI preset or additional curated seed in this release. The app’s Einstein backend
is Hat, not Spectre.
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8. Einstein-hat configurations
Code / page Configuration Rule / origin

H01 (p. 15) Hat wake traveller R15; original*

H02 (p. 16) Hat A six-way launcher R10; original*

H03 (p. 17) Hat B recurring emitter - finite verification R11; original*

H04 (p. 18) Hat rotating wave - period 39 R02; original*

H05 (p. 19) Hat rotating wave - period 219 R04; original*

H06 (p. 20) Hat eight-tile refractory clock - period 11 R03; original*

H07 (p. 21) Hat directional transient - extinction 83 R08; original*

H08 (p. 22) Hat Conway p6 R09; original*

H09 (p. 23) Hat Conway p9 R09; original*

H10 (p. 24) Hat Conway p26 R09; original*

H11 (p. 25) Hat edge-graph p15 R06; original*

H12 (p. 26) Hat Seeds p8 R01; original*

H13 (p. 27) Hat B23/S p20 R05; original*

H14 (p. 28) Hat B23/S p24 R05; original*

H15 (p. 29) Hat B23/S p28 R05; original*

H16 (p. 30) Hat two-row relay - Spectre variant R13; adaptation

H17 (p. 31) Hat glider B - Edmond rule R11; published

H18 (p. 32) Hat glider A - Edmond rule R10; published

H19 (p. 33) Hat glider C - Edmond rule R12; published

H20 (p. 34) Hat glider - three-state variant R14; adaptation

H21 (p. 35) Hat triple launcher - two-cell seed R12; published

C04 (p. 36) Hat B1 wave field R07; constructed

* Original to this package: no exact literature precedent identified in the sources reviewed to 14 October 2026.
The linked entry identifies what was created here and names any published parent or mechanism. “Unresolved”
denotes P09’s possible Owens-Stepney antecedent [5,6].
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8. Penrose configurations
Code / page Configuration Rule / origin

P01 (p. 37) Penrose twelve-traveller launcher R22; original*

P02 (p. 38) Penrose five-traveller launcher R21; original*

P03 (p. 39) Penrose six-traveller launcher R22; original*

P04 (p. 40) Penrose compact oscillator - period 822 R17; original*

P05 (p. 41) Penrose three-state oscillator - period 14 R28; original*

P06 (p. 42) Penrose Conway p4 R27; original*

P07 (p. 43) Penrose Conway p5 R27; original*

P08 (p. 44) Penrose Conway p7 R27; original*

P09 (p. 45) Penrose Conway p12 R27; unresolved

P10 (p. 46) Penrose edge-graph p4 R18; original*

P11 (p. 47) Penrose compact traveller R20; original*

P12 (p. 48) Penrose five-state traveller R21; original*

P13 (p. 49) Penrose six-state traveller R22; original*

P14 (p. 50) Penrose B24 launcher traveller R24; original*

P15 (p. 51) Penrose B2/S4 survival launcher R23; original*

P16 (p. 52) Penrose B26/S birth launcher R25; original*

P17 (p. 53) Penrose B27/S4 dual-clause launcher R26; original*

P18 (p. 54) Penrose Conway diehard - 293 R27; original*

P19 (p. 55) Penrose Conway methuselah - 289 R27; original*

C02 (p. 56) Penrose B12/S p840 field R16; constructed

C03 (p. 57) Penrose excitable field R19; constructed

* Original to this package: no exact literature precedent identified in the sources reviewed to 14 October 2026.
The linked entry identifies what was created here and names any published parent or mechanism. “Unresolved”
denotes P09’s possible Owens-Stepney antecedent [5,6].
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8. Hexagonal configurations
Code / page Configuration Rule / origin

X01 (p. 58) Hexagonal p6 single-cell-trail puffer R47; original*

X02 (p. 59) Hexagonal three-cell twin-puffer launcher R47; original*

X03 (p. 60) Hexagonal p48 long-cycle spaceship R42; original*

X04 (p. 61) Hexagonal three-cell glider R30; original*

X05 (p. 62) Hexagonal four-cell diagonal launcher R39; original*

X06 (p. 63) Hexagonal five-cell p43 launcher R50; original*

X07 (p. 64) Hexagonal six-cell p9 knightship launcher R35; original*

X08 (p. 65) Hexagonal six-cell p10 knightship launcher R40; original*

X09 (p. 66) Hexagonal Conway p2 R53; original*

X10 (p. 67) Hexagonal Conway p3 R53; original*

X11 (p. 68) Hexagonal Conway p6 R53; original*

X12 (p. 69) Hexagonal Conway p4 half-turn rotor R53; original*

X13 (p. 70) Hexagonal Conway p5 R53; original*

X14 (p. 71) Hexagonal Conway p8 R53; original*

X15 (p. 72) Hexagonal p269 clock R54; original*

X16 (p. 73) Hexagonal p57 pulsator R48; original*

X17 (p. 74) Hexagonal p128 half-turn rotor R46; original*

X18 (p. 75) Hexagonal p4104 long clock R41; original*

* Original to this package: no exact literature precedent identified in the sources reviewed to 14 October 2026.
The linked entry identifies what was created here and names any published parent or mechanism. “Unresolved”
denotes P09’s possible Owens-Stepney antecedent [5,6].
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8. Hexagonal configurations
(continued)

Code / page Configuration Rule / origin

X19 (p. 76) Hexagonal p372 sixfold rotor R33; original*

X20 (p. 77) Hexagonal p248 giant breather R45; original*

X21 (p. 78) Hexagonal p138 wandering spaceship R36; original*

X22 (p. 79) Hexagonal p23 fast spaceship R38; original*

X23 (p. 80) Hexagonal B2/S35 p5 traveller R34; published

X24 (p. 81) Hexagonal B245/S3 p10 traveller R48; published

X25 (p. 82) Hexagonal B235/S146 four-state launcher R44; adaptation

X26 (p. 83) Hexagonal B235/S134 five-state launcher R43; adaptation

X27 (p. 84) Hexagonal p25 diagonal spaceship R49; published

X28 (p. 85) Hexagonal p48 half-turn rotor R32; published

X29 (p. 86) Hexagonal three-way spaceship gun R51; published

X30 (p. 87) Hexagonal oscillator-trail puffer R52; published

X31 (p. 88) Hexagonal p999 threefold rotor R31; published

X32 (p. 89) Hexagonal p13 diagonal spaceship R37; published

X33 (p. 90) Hexagonal p158 wandering spaceship R31; published

X34 (p. 91) Hexagonal self-repairing wall R32; published

X35 (p. 92) Hexagonal p2044 billiard table R32; published

C01 (p. 93) Hexagonal seven-copy replicator R29; constructed

* Original to this package: no exact literature precedent identified in the sources reviewed to 14 October 2026.
The linked entry identifies what was created here and names any published parent or mechanism. “Unresolved”
denotes P09’s possible Owens-Stepney antecedent [5,6].
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8. Square configurations
Code / page Configuration Rule / origin

S01 (p. 94) Block still life R55; published

S02 (p. 95) Blinker - period 2 R55; published

S03 (p. 96) Pulsar - period 3 R55; published

S04 (p. 97) Pentadecathlon - period 15 R55; published

S05 (p. 98) Glider - diagonal spaceship R55; published

S06 (p. 99) Lightweight spaceship R55; published

S07 (p. 100) HighLife replicator R56; published

S08 (p. 101) Diehard - extinction at 130 R55; published

S09 (p. 102) R-pentomino methuselah R55; published

S10 (p. 103) Acorn methuselah R55; published

* Original to this package: no exact literature precedent identified in the sources reviewed to 14 October 2026.
The linked entry identifies what was created here and names any published parent or mechanism. “Unresolved”
denotes P09’s possible Owens-Stepney antecedent [5,6].
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H01 Hat wake traveller
hat-wake-traveller

Original to this package: seed and evolved rule R15; no exact precedent identified in the literature reviewed as at
14 October 2026. Edmond’s Hat/Spectre framework is prior work [2], [3].

TABLE:HAT-WAKE | C = 4 | edge-or-point contact (touch)
Complete rule and prior use: R15 (p. 110). Notation (p. 3).

Depth 5; 54,289 cells; dead border rings = 1.

t = 0
N = 6; L = 4

t = 60
N = 8; L = 4

t = 293
N = 6; L = 2

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A compact traveller under a separately evolved four-state priority table. The six-cell catalogue seed is verified for
293 generations on the depth-5 Hat touch graph. A polygon-preserving placement of the same labelled seed on
the depth-6 patch remains nonzero for 1,000 generations, visits 2,447 tiles, and displaces its nonzero-cell
centroid by 1,071.983213 coordinate units; at most nine cells are nonzero at any instant.

Catalogue replay through t = 293.

Exact initial configuration (tile ID,state)
(7392,2) (7396,1) (7307,3) (2948,1) (2955,1) (2952,1)

Interpretation and limits
Finite aperiodic travel only: neither indefinite flight nor historical priority is established. The instantaneous
support may have two connected components. The 341 failed state projections distinguish the observed mature
local transitions from six stored reference tables, not every possible travelling mechanism. The state-3 wake is
not proven necessary for transport. No earlier exact configuration or table was identified in the reviewed sources.

Pattern provenance and credit (H01)
The table arose in a fresh random evolutionary lineage (evaluation 358893, epoch 11). Four rows reproduce the
retained seven-row trajectory. No exact precedent was identified in the literature reviewed to 14 October 2026.
Edmond’s published framework and gliders remain prior work [2], [3].

Earlier Hat/Spectre framework and travelling patterns; not an exact identification of this seed or evolved rule: [2], [3].

Evidence in release: research/continued-search/hat-relay/campaigns.json. Complete source and evidence lists are in
catalogue-data.json.
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H02 Hat A six-way launcher
hat-edmond-a-six-way-launcher

Original to this package: six-cell launch configuration; no exact precedent identified in the literature reviewed as
at 14 October 2026. Uses James Edmond’s published Hat A rule and gliders [2], [3].

TABLE:HAT-A | C = 4 | edge-or-point contact (touch)
Complete rule and prior use: R10 (p. 109). Notation (p. 3).

Depth 5; 54,289 cells; dead border rings = 1.

t = 0
N = 6; L = 3

t = 60
N = 42; L = 8

t = 180
N = 40; L = 9

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A connected six-cell launch under Edmond's unchanged Hat A table produces six independently evolving compact
travelling bodies. From generation 60 through 180, independently evolving the six separated bodies reconstructs
the complete labelled state at every generation. Each body has a checked translated return of its occupied
polygons and three surrounding empty neighbour rings.

Catalogue replay through t = 180.

Exact initial configuration (tile ID,state)
(24180,2) (24181,1) (24717,2) (24718,1) (24722,1) (24724,2)

Interpretation and limits
A finite one-off launcher, not a repeating gun. The rule and glider mechanism were published by James Edmond;
the contribution catalogued here is the searched launch configuration. No claim of an indefinitely traversable
outgoing corridor or historical priority is made. All proper nonempty subsets fail to reproduce the checked full
endpoint, which does not establish globally minimal seed size among all placements.

Pattern provenance and credit (H02)
The package found this interacting six-cell seed. The local rule and travelling mechanism belong to Edmond [2],
[3]. Failure of all 31 initial bipartitions and all proper seed subsets to reproduce the checked outcome does not
prove global seed minimality.

Source of the Hat A rule and travelling mechanism; this six-cell launch seed was found in the package: [2], [3].

Evidence in release: research/continued-search/hat-emitters/README.md. Complete source and evidence lists are in
catalogue-data.json.
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H03 Hat B recurring emitter - finite
verification
hat-edmond-b-periodic-emitter

Original to this package: three-cell emitting configuration; no exact precedent identified in the literature reviewed
as at 14 October 2026. Uses James Edmond’s published Hat B rule and gliders [2], [3].

TABLE:HAT-B | C = 4 | edge-or-point contact (touch)
Complete rule and prior use: R11 (p. 109). Notation (p. 3).

Depth 5; 54,289 cells; dead border rings = 1.

t = 0
N = 3; L = 2

t = 30
N = 56; L = 41

t = 70
N = 79; L = 60

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A three-cell seed under Edmond's Hat B table reaches a 56-cell source C at parent generation 30. For the
complete nonzero state, F^40(C) is the disjoint union of C and a 23-cell emitted packet E. The packet
decomposes into four independently travelling bodies in two streams, with successive bodies in each stream
delayed by 20 generations. Independent cohort evolution reconstructs every source state from time 0 through
180. Source time 0 is parent generation 30, so source time 180 corresponds to parent generation 210.

Catalogue replay through t = 180.

Exact initial configuration (tile ID,state)
(23821,1) (23824,3) (23836,1)

Interpretation and limits
This verifies four complete 40-generation emission intervals on the checked finite substrate, not a least source
period of 40 or perpetual gun operation. The source is the entire state at parent generation 30 and needs no
external feed during the checked interval. An earlier 38-cell crop is not this certificate. James Edmond’s Hat B
table and gliders are the published rule and mechanism [2], [3]; no exact precedent for this emitting seed was
identified in the literature reviewed to 14 October 2026.

Pattern provenance and credit (H03)
The package found this three-cell source seed under Edmond’s unchanged Hat B rule. Credit for the rule and
travelling mechanism belongs to Edmond [2], [3]. No exact precedent for this emitting configuration was
identified in the literature reviewed to 14 October 2026.

Source of the Hat B rule and travelling mechanism; this three-cell emitting seed was found in the package: [2], [3].

Evidence in release: research/continued-search/hat-emitters/README.md. Complete source and evidence lists are in
catalogue-data.json.
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H04 Hat rotating wave - period 39
hat-b2s1-c3-rotor-p39

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S1 | C = 3 | shared-edge
Complete rule and prior use: R02 (p. 106). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 1.

t = 0
N = 5; L = 4

t = 13
N = 5; L = 4

t = 26
N = 5; L = 4

State: 0 1 2

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An exact least-period-39 oscillator under B2/S1 with three states and edge adjacency. The complete labelled
state advances by a 120-degree clockwise rotation after every 13 generations. The recurrent support consists of
39 Hat tiles, all of whose state histories have least temporal period 39.

Least period p = 39; transient = 0; cycle L = 3-8; cycle territory = 39 tiles; cycle minimum boundary distance = 22.

Exact initial configuration (tile ID,state)
(2729,1) (2731,1) (3380,1) (3395,2) (3396,1)

Interpretation and limits
The rotation maps the recurrent occupied territory and its induced adjacency graph. It does not assert rotational
symmetry of the entire Hat tiling. Instantaneous support can be disconnected. This is a bounded rotating
oscillator with zero net translation, not a spaceship.

Pattern provenance and credit (H04)
Found by the package’s compact-seed oscillator search under three-state B2/S1 on the shared-edge graph. The
retained phase is an exact period-39 rotating wave. Its original search record identifies trial 44 of the B2/S1
edge-orbit follow-up. No exact precedent identified in the literature reviewed to 14 October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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H05 Hat rotating wave - period 219
hat-b2s23-c6-rotor-p219

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S23 | C = 6 | shared-edge
Complete rule and prior use: R04 (p. 107). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 1.

t = 0
N = 8; L = 4

t = 73
N = 8; L = 4

t = 146
N = 8; L = 4

State: 0 1 2 3 4 5

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An exact least-period-219 oscillator under B2/S23 with six states and edge adjacency. The complete labelled
state advances by a 120-degree clockwise rotation after every 73 generations. Its recurrent support has 300 tiles,
each with least temporal period 219, so the period is not just the least common multiple of independent shorter
clocks.

Least period p = 219; transient = 0; cycle L = 4-36; cycle territory = 300 tiles; cycle minimum boundary distance = 21.

Exact initial configuration (tile ID,state)
(1696,5) (1701,4) (3372,1) (3373,1) (3375,1) (3389,2) (3390,1) (3401,3)

Interpretation and limits
The verified rotational relation concerns the recurrent support and its induced graph, not a symmetry of the
whole Hat tiling. The object is a bounded oscillator, not a translating glider; instantaneous support can be
disconnected.

Pattern provenance and credit (H05)
Found by the package’s compact-seed oscillator search under six-state B2/S23 on the shared-edge graph. The
retained phase is an exact period-219 rotating wave. Its original pilot record identifies trial 122 for that rule and
state count. No exact precedent identified in the literature reviewed to 14 October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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H06 Hat eight-tile refractory clock - period 11
hat-b2s13-c4-clock-p11

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S13 | C = 4 | shared-edge
Complete rule and prior use: R03 (p. 106). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 1.

t = 0
N = 2; L = 2

t = 2
N = 6; L = 4

t = 5
N = 4; L = 4

State: 0 1 2 3

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
A two-live-cell seed produces an exact least-period-11 oscillator under B2/S13 with four states and edge
adjacency. The union of occupied tiles over a cycle contains eight tiles. Using the same two-cell seed, every state
count C from 4 through 255 was independently checked to give least period 2C+3, with the same eight-tile
support and an identically zero 12-tile exterior halo.

Least period p = 11; transient = 0; cycle L = 2-6; cycle territory = 8 tiles; cycle minimum boundary distance = 33.

Exact initial configuration (tile ID,state)
(3519,1) (3522,1)

Interpretation and limits
The family formula is computationally verified for 4 <= C <= 255; no extrapolation beyond that range is claimed.
C counts state 0 as well as live and refractory states. The browser exposes state counts only through 32, although
the core supports the larger checked range.

Pattern provenance and credit (H06)
Developed from an eight-tile clock found by the package’s B2/S13 search at ten states (trial 1730). The catalogue
keeps the same two-live-cell phase and changes the state count to four, giving period 11. The relation period =
2C + 3 was then checked for C = 4 through 255. No exact precedent identified in the literature reviewed to 14
October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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H07 Hat directional transient - extinction 83
hat-directional-transient-83

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S1 | C = 10 | edge-or-point contact (touch)
Complete rule and prior use: R08 (p. 108). Notation (p. 3).

Depth 5; 54,289 cells; dead border rings = 1.

t = 0
N = 10; L = 9

t = 41
N = 43; L = 4

t = 82
N = 1; L = 0

State: 0 1 2 3 4 5 6 7 8 9

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A ten-cell labelled phase under B2/S1 with ten states and touch adjacency generates a directional transient. No
live cells remain from generation 75; the remaining refractory states have all vanished at generation 83. Its total
visited support contains 344 tiles, and its maximum instantaneous nonzero population is 76.

Full extinction at t = 83.

Exact initial configuration (tile ID,state)
(7788,1) (7789,1) (17211,1) (17212,1) (17296,1) (17298,1) (17301,1) (17303,1) (17305,7) (17319,1)

Interpretation and limits
Complete extinction is verified. This is not a glider or spaceship. The seed contains nine state-1 cells and one
state-7 refractory cell, so describing it as ten live cells would be incorrect. The occupied support is not connected
at every time.

Pattern provenance and credit (H07)
Selected from the package’s Hat B/S motion search and reduced to a ten-cell complete phase, including one
refractory cell. The reduction preserves the retained parent state at generation 40. All activity ends at generation
83; the example is a directional transient, not a glider. No exact precedent identified in the literature reviewed to
14 October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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H08 Hat Conway p6
hat-conway-p6

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R09 (p. 108). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 1.

t = 0
N = 11; L = 11

t = 1
N = 10; L = 10

t = 3
N = 12; L = 12

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An isolated oscillator of exact least period 6 under B3/S23 with two states on the Hat touch graph. The union of
occupied tiles over its complete cycle has 15 tiles, while the instantaneous live population ranges from 10 to 13.

Least period p = 6; transient = 0; cycle L = 10-13; cycle territory = 15 tiles; cycle minimum boundary distance = 25.

Exact initial configuration (tile ID,state)
(3261,1) (3264,1) (3285,1) (3287,1) (3289,1) (3358,1) (3359,1) (3362,1) (3547,1) (3548,1) (3549,1)

Interpretation and limits
The standard rule-family name does not imply that this Hat configuration was published previously. No exact
precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work
may exist. The full labelled state, not a population count or partial image, is used for recurrence verification.

Pattern provenance and credit (H08)
Extracted from a deterministic soup by the package’s oscillator miner: source seed
hat-touch-B3/S23-2-osc-v3-2285, density 0.35. The isolated component has period 6. No exact precedent
identified in the literature reviewed to 14 October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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H09 Hat Conway p9
hat-conway-p9

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R09 (p. 108). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 1.

t = 0
N = 8; L = 8

t = 2
N = 9; L = 9

t = 4
N = 8; L = 8

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An isolated oscillator of exact least period 9 under B3/S23 with two states on the Hat touch graph. The union of
occupied tiles over its complete cycle has 11 tiles, while the instantaneous live population ranges from 8 to 9.

Least period p = 9; transient = 0; cycle L = 8-9; cycle territory = 11 tiles; cycle minimum boundary distance = 16.

Exact initial configuration (tile ID,state)
(1509,1) (1595,1) (1596,1) (1600,1) (1602,1) (3444,1) (3448,1) (3449,1)

Interpretation and limits
The standard rule-family name does not imply that this Hat configuration was published previously. No exact
precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work
may exist. The full labelled state, not a population count or partial image, is used for recurrence verification.

Pattern provenance and credit (H09)
Extracted from the package’s deterministic Conway-rule soup hat-touch-osc-61 at density 0.30. The whole soup
has period 18; the isolated catalogue component has period 9. The name credits Conway’s B3/S23 rule, not
authorship of this hat configuration. No exact precedent identified in the literature reviewed to 14 October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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H10 Hat Conway p26
hat-conway-p26

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R09 (p. 108). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 1.

t = 0
N = 10; L = 10

t = 6
N = 6; L = 6

t = 13
N = 10; L = 10

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An isolated oscillator of exact least period 26 under B3/S23 with two states on the Hat touch graph. The union of
occupied tiles over its complete cycle has 14 tiles, while the instantaneous live population ranges from 6 to 10.

Least period p = 26; transient = 0; cycle L = 6-10; cycle territory = 14 tiles; cycle minimum boundary distance = 30.

Exact initial configuration (tile ID,state)
(3468,1) (3469,1) (3470,1) (3473,1) (3475,1) (3480,1) (3485,1) (3486,1) (3487,1) (3488,1)

Interpretation and limits
The standard rule-family name does not imply that this Hat configuration was published previously. No exact
precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work
may exist. The full labelled state, not a population count or partial image, is used for recurrence verification.

Pattern provenance and credit (H10)
Extracted from the package’s deterministic Conway-rule soup hat-touch-osc-27 at density 0.35. The isolated
catalogue component has period 26. The name credits Conway’s B3/S23 rule, not authorship of this hat
configuration. No exact precedent identified in the literature reviewed to 14 October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.



APERIODIC LIFE 3.7.4  /  COMPLETE PRESET CATALOGUE HAT / H11

Catalogue revision 2 | 14 October 2026 | Rules, evidence and attribution 25

H11 Hat edge-graph p15
hat-edge-conway-p15

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | shared-edge
Complete rule and prior use: R06 (p. 107). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 1.

t = 0
N = 26; L = 26

t = 3
N = 27; L = 27

t = 7
N = 27; L = 27

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An isolated oscillator of exact least period 15 under B3/S23 with two states on the Hat shared-edge graph. The
union of occupied tiles over its complete cycle has 31 tiles, while the instantaneous live population ranges from
24 to 29.

Least period p = 15; transient = 0; cycle L = 24-29; cycle territory = 31 tiles; cycle minimum boundary distance = 6.

Exact initial configuration (tile ID,state)
(2899,1) (2907,1) (2908,1) (2909,1) (2910,1) (2914,1) (2915,1) (2940,1) (7297,1) (7298,1) (7299,1)
(7301,1) (7302,1) (7315,1) (7319,1) (7322,1) (7325,1) (7326,1) (7327,1) (7335,1) (7337,1) (7340,1)
(7403,1) (7406,1) (7416,1) (7417,1)

Interpretation and limits
The standard rule-family name does not imply that this Hat configuration was published previously. No exact
precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work
may exist. The full labelled state, not a population count or partial image, is used for recurrence verification.

Pattern provenance and credit (H11)
Extracted from a deterministic soup by the package’s oscillator miner: source seed
hat-edge-B3/S23-2-osc-v3-467, density 0.35. This is an exact period-15 component on the shared-edge hat graph,
using Conway’s B3/S23 counts. No exact precedent identified in the literature reviewed to 14 October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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H12 Hat Seeds p8
hat-seeds-p8

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S | C = 2 | shared-edge
Complete rule and prior use: R01 (p. 106). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 1.

t = 0
N = 4; L = 4

t = 2
N = 5; L = 5

t = 4
N = 4; L = 4

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An isolated oscillator of exact least period 8 under B2/S with two states on the Hat shared-edge graph. The union
of occupied tiles over its complete cycle has 12 tiles, while the instantaneous live population ranges from 4 to 5.

Least period p = 8; transient = 0; cycle L = 4-5; cycle territory = 12 tiles; cycle minimum boundary distance = 13.

Exact initial configuration (tile ID,state)
(2484,1) (2492,1) (2493,1) (2498,1)

Interpretation and limits
The standard rule-family name does not imply that this Hat configuration was published previously. No exact
precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work
may exist. The full labelled state, not a population count or partial image, is used for recurrence verification.

Pattern provenance and credit (H12)
Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B2/S-2-osc-v3-97,
density 0.04. The four-live-cell catalogue phase has period 8 on the shared-edge hat graph. Seeds names the
B2/S rule family; it does not identify a published source for this particular configuration. No exact precedent
identified in the literature reviewed to 14 October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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H13 Hat B23/S p20
hat-b23-p20

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B23/S | C = 2 | shared-edge
Complete rule and prior use: R05 (p. 107). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 1.

t = 0
N = 13; L = 13

t = 5
N = 10; L = 10

t = 10
N = 13; L = 13

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An isolated oscillator of exact least period 20 under B23/S with two states on the Hat shared-edge graph. The
union of occupied tiles over its complete cycle has 32 tiles, while the instantaneous live population ranges from
10 to 16.

Least period p = 20; transient = 0; cycle L = 10-16; cycle territory = 32 tiles; cycle minimum boundary distance = 15.

Exact initial configuration (tile ID,state)
(1102,1) (1112,1) (1115,1) (1129,1) (1130,1) (1134,1) (1139,1) (2612,1) (2616,1) (3197,1) (3209,1)
(3222,1) (3257,1)

Interpretation and limits
The standard rule-family name does not imply that this Hat configuration was published previously. No exact
precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work
may exist. The full labelled state, not a population count or partial image, is used for recurrence verification.

Pattern provenance and credit (H13)
Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-333,
density 0.12. The whole soup has period 60; the isolated catalogue component has period 20. No exact precedent
identified in the literature reviewed to 14 October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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H14 Hat B23/S p24
hat-b23-p24

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B23/S | C = 2 | shared-edge
Complete rule and prior use: R05 (p. 107). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 1.

t = 0
N = 8; L = 8

t = 6
N = 9; L = 9

t = 12
N = 8; L = 8

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An isolated oscillator of exact least period 24 under B23/S with two states on the Hat shared-edge graph. The
union of occupied tiles over its complete cycle has 21 tiles, while the instantaneous live population ranges from 8
to 11.

Least period p = 24; transient = 0; cycle L = 8-11; cycle territory = 21 tiles; cycle minimum boundary distance = 21.

Exact initial configuration (tile ID,state)
(2641,1) (2643,1) (2649,1) (2703,1) (2715,1) (2733,1) (2818,1) (3302,1)

Interpretation and limits
The standard rule-family name does not imply that this Hat configuration was published previously. No exact
precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work
may exist. The full labelled state, not a population count or partial image, is used for recurrence verification.

Pattern provenance and credit (H14)
Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-748,
density 0.10. The eight-live-cell catalogue phase has period 24. No exact precedent identified in the literature
reviewed to 14 October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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H15 Hat B23/S p28
hat-b23-p28

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B23/S | C = 2 | shared-edge
Complete rule and prior use: R05 (p. 107). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 1.

t = 0
N = 18; L = 18

t = 7
N = 16; L = 16

t = 14
N = 17; L = 17

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An isolated oscillator of exact least period 28 under B23/S with two states on the Hat shared-edge graph. The
union of occupied tiles over its complete cycle has 37 tiles, while the instantaneous live population ranges from
14 to 20.

Least period p = 28; transient = 0; cycle L = 14-20; cycle territory = 37 tiles; cycle minimum boundary distance = 7.

Exact initial configuration (tile ID,state)
(634,1) (636,1) (639,1) (641,1) (642,1) (644,1) (659,1) (673,1) (4451,1) (4538,1) (4539,1) (4540,1)
(4650,1) (4663,1) (4664,1) (4665,1) (4667,1) (4668,1)

Interpretation and limits
The standard rule-family name does not imply that this Hat configuration was published previously. No exact
precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work
may exist. The full labelled state, not a population count or partial image, is used for recurrence verification.

Pattern provenance and credit (H15)
Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-694,
density 0.16. The whole soup has period 56; the isolated catalogue component has period 28. No exact precedent
identified in the literature reviewed to 14 October 2026.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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H16 Hat two-row relay - Spectre variant
hat-two-row-relay

Adapted mechanism: James Edmond’s Spectre relay [2], [3]; changed three-state rule R13 and ignition. Mature
trajectories agree after state relabelling.

TABLE:HAT-RELAY | C = 3 | edge-or-point contact (touch)
Complete rule and prior use: R13 (p. 110). Notation (p. 3).

Depth 5; 54,289 cells; dead border rings = 1.

t = 0
N = 2; L = 1

t = 117
N = 5; L = 4

t = 235
N = 6; L = 4

State: 0 1 2

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A two-cell seed travels under the three-state, two-row rule R13. Generations 60-235 match James Edmond’s
Spectre relay [2], [3] after state relabelling. Verified through 235 finite generations; the complete support can
split.

Catalogue replay through t = 235.

Exact initial configuration (tile ID,state)
(7293,2) (7295,1)

Interpretation and limits
The checked mature trajectories agree; the complete transition rules do not. R13 and Edmond’s Spectre table [3]
have different ignition and transition conditions outside that trajectory. Finite travel does not prove indefinite
propagation.

Pattern provenance and credit (H16)
R13 was obtained by simplifying the package’s evolved wake rule R15. Its mature trajectory matches James
Edmond’s Spectre relay in The Glider Compendium [3], with package states (0,1,2) mapped to Edmond states
(0,3,1). The global transition conditions and ignition differ. Edmond’s paper [2] supplies the published framework;
this entry does not claim an independent discovery of the reproduced travelling mechanism.

Source of the Spectre travelling mechanism matched by the mature trajectory under state relabelling; not the same global rule:
[2], [3].

Evidence in release: research/continued-search/hat-relay/final-rules.json. Complete source and evidence lists are in
catalogue-data.json.
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H17 Hat glider B - Edmond rule
hat-edmond-b-glider

Published rule and travelling mechanism: James Edmond, Hat B in The Glider Compendium [2], [3]. The two-cell
placement on this patch was selected by the package.

TABLE:HAT-B | C = 4 | edge-or-point contact (touch)
Complete rule and prior use: R11 (p. 109). Notation (p. 3).

Depth 5; 54,289 cells; dead border rings = 1.

t = 0
N = 2; L = 1

t = 153
N = 6; L = 5

t = 307
N = 6; L = 4

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A two-cell seed launches a compact Hat glider under James Edmond’s published B priority table. Verified through
307 generations with a dead boundary buffer; no immortality or first-discovery claim. The recorded trajectory
contains at most 13 nonzero cells and stays at least 4 graph rings from the boundary.

Catalogue replay through t = 307.

Exact initial configuration (tile ID,state)
(2945,1) (2943,3)

Interpretation and limits
The package verifies this particular placement through generation 307 with at least four boundary rings. The Hat
B rule and travelling behaviour are published by James Edmond [2], [3]; neither indefinite travel nor independent
historical priority is inferred from this finite run.

Pattern provenance and credit (H17)
James Edmond - Hat B; seed placement found for Aperiodic Life [2], [3], [18]. Uses Edmond’s published Hat B
transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this
two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of
Edmond’s saved run. The package’s finite replay does not establish indefinite propagation.

Source of the published Hat rule and travelling or launch behaviour; the patch placement was selected by the package: [2], [3],
[18].

Evidence in release: research/fixtures/published-priority-rules.json. Complete source and evidence lists are in catalogue-data.json.
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H18 Hat glider A - Edmond rule
hat-edmond-a-glider

Published rule and travelling mechanism: James Edmond, Hat A in The Glider Compendium [2], [3]. The two-cell
placement on this patch was selected by the package.

TABLE:HAT-A | C = 4 | edge-or-point contact (touch)
Complete rule and prior use: R10 (p. 109). Notation (p. 3).

Depth 5; 54,289 cells; dead border rings = 1.

t = 0
N = 2; L = 1

t = 153
N = 7; L = 1

t = 307
N = 7; L = 2

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A two-cell seed launches a compact Hat glider under James Edmond’s published A priority table. Verified through
307 generations with a dead boundary buffer; no immortality or first-discovery claim. The recorded trajectory
contains at most 14 nonzero cells and stays at least 4 graph rings from the boundary.

Catalogue replay through t = 307.

Exact initial configuration (tile ID,state)
(2945,2) (2943,1)

Interpretation and limits
The package verifies this particular placement through generation 307 with at least four boundary rings. James
Edmond’s Hat A rule and travelling behaviour appear in The Glider Compendium [3] and paper [2]. Aperiodic
Life’s different seed placement does not establish a new glider discovery.

Pattern provenance and credit (H18)
James Edmond - Hat A; seed placement found for Aperiodic Life [2], [3], [18]. Uses Edmond’s published Hat A
transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this
two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of
Edmond’s saved run. The package’s finite replay does not establish indefinite propagation.

Source of the published Hat rule and travelling or launch behaviour; the patch placement was selected by the package: [2], [3],
[18].

Evidence in release: research/fixtures/published-priority-rules.json. Complete source and evidence lists are in catalogue-data.json.
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H19 Hat glider C - Edmond rule
hat-edmond-c-glider

Published rule and travelling mechanism: James Edmond, Hat C in The Glider Compendium [2], [3]. The two-cell
placement on this patch was selected by the package.

TABLE:HAT-C | C = 4 | edge-or-point contact (touch)
Complete rule and prior use: R12 (p. 109). Notation (p. 3).

Depth 5; 54,289 cells; dead border rings = 1.

t = 0
N = 2; L = 1

t = 155
N = 7; L = 5

t = 311
N = 7; L = 4

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A two-cell seed launches a compact Hat glider under James Edmond’s published C priority table. Verified through
311 generations with a dead boundary buffer; no immortality or first-discovery claim. The recorded trajectory
contains at most 18 nonzero cells and stays at least 4 graph rings from the boundary.

Catalogue replay through t = 311.

Exact initial configuration (tile ID,state)
(7267,1) (7283,2)

Interpretation and limits
The package checks this placement through generation 311 with at least four boundary rings. A finite translated
local neighbourhood is not a proof that the full future substrate will repeat. James Edmond’s Hat C rule and
travelling behaviour are published in The Glider Compendium [3] and paper [2].

Pattern provenance and credit (H19)
James Edmond - Hat C; seed placement found for Aperiodic Life [2], [3], [18]. Uses Edmond’s published Hat C
transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this
two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of
Edmond’s saved run. The package’s finite replay does not establish indefinite propagation.

Source of the published Hat rule and travelling or launch behaviour; the patch placement was selected by the package: [2], [3],
[18].

Evidence in release: research/fixtures/published-priority-rules.json. Complete source and evidence lists are in catalogue-data.json.
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H20 Hat glider - three-state variant
hat-simple-glider

Adapted rule: James Edmond’s Hat B [2], [3]. R14 removes a state unreachable from the checked launch, relabels
3 as 2 and drops the empty-neighbour birth condition.

TABLE:HAT-SIMPLE | C = 3 | edge-or-point contact (touch)
Complete rule and prior use: R14 (p. 110). Notation (p. 3).

Depth 5; 54,289 cells; dead border rings = 1.

t = 0
N = 2; L = 1

t = 153
N = 6; L = 5

t = 307
N = 6; L = 4

State: 0 1 2

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
R14 is a three-state modification of James Edmond’s Hat B rule R11 [2], [3]. It reproduces the tested compact
flights after relabelling, but differs on other inputs. The recorded trajectory contains at most 13 nonzero cells and
stays at least four graph rings from the boundary.

Catalogue replay through t = 307.

Exact initial configuration (tile ID,state)
(2945,1) (2943,2)

Interpretation and limits
Agreement holds for the checked trajectories, not every input. A retained counterexample separates R14 from
Edmond’s Hat B rule R11 [3]. Finite agreement does not prove endless travel.

Pattern provenance and credit (H20)
R14 modifies James Edmond’s Hat B rule R11 [2], [3]: remove the state unreachable from the checked two-cell
launch, relabel parent state 3 as 2, and drop the empty-neighbour birth condition. These changes give three
states and preserve the checked launches, but alter other inputs. The parent rule and travelling mechanism are
Edmond’s; the package contributes this simplification, without claiming that no earlier equivalent simplification
exists.

Source of Hat B, the parent transition rule and travelling mechanism: [2], [3].

Evidence in release: research/fixtures/published-priority-rules.json. Complete source and evidence lists are in catalogue-data.json.
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H21 Hat triple launcher - two-cell seed
hat-edmond-c-triple-launcher

Published launch behaviour: James Edmond’s two-cell Hat C triple launch in The Glider Compendium [3]. The
placement on this patch was selected by the package.

TABLE:HAT-C | C = 4 | edge-or-point contact (touch)
Complete rule and prior use: R12 (p. 109). Notation (p. 3).

Depth 5; 54,289 cells; dead border rings = 1.

t = 0
N = 2; L = 1

t = 80
N = 21; L = 14

t = 160
N = 23; L = 17

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Two cells under Edmond’s C rule emit three separated compact travellers. Their complete independent evolutions
reproduce the whole configuration through generation 160, with no leftover debris. This is a finite launcher, not a
repeating gun. The recorded trajectory contains at most 39 nonzero cells and stays at least 34 graph rings from
the boundary.

Catalogue replay through t = 160.

Exact initial configuration (tile ID,state)
(23905,1) (23907,2)

Interpretation and limits
This is a finite launch, not a repeating gun. Edmond’s Glider Compendium [3] already demonstrates Hat C triple
emission; the package independently selected a placement and verifies its finite evolution.

Pattern provenance and credit (H21)
James Edmond - Hat C triple launch; seed placement found for Aperiodic Life [2], [3], [18]. Edmond’s compendium
already demonstrates a two-cell Hat C seed producing three gliders. This catalogue entry uses the same
published rule with a placement independently selected on Aperiodic Life’s patch. Its three separated travellers
are verified through the stated finite horizon. It is a reproduction of published launch behaviour, not a claim to the
first triple launcher or a repeating gun.

Source of the published Hat rule and travelling or launch behaviour; the patch placement was selected by the package: [2], [3],
[18].

Evidence in release: research/fixtures/published-priority-rules.json. Complete source and evidence lists are in catalogue-data.json.
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C04 Hat B1 wave field
hat-b1-field

Package-generated field under B1/S, C = 2 on the Hat touch graph (R07). The seed and finite-board
demonstration are package contributions; no new update principle is claimed.

B1/S | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R07 (p. 108). Notation (p. 3).

Depth 4; 7,921 cells; dead border rings = 8.

t = 0
N = 420; L = 420

t = 60
N = 726; L = 726

t = 3000
N = 816; L = 816

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A deterministic pseudorandom B1/S field with two states, touch adjacency, density 0.12, random seed
hat-touch-B1/S-2 and eight locked dead boundary rings remains dynamically active through 3,000 generations on
the 7,921-tile depth-4 Hat patch.

Catalogue replay through t = 3000.

Exact initialisation recipe
simulation.randomize(0.12, 'hat-touch-B1/S-2'); initial nonzero cells are state 1. Complete realised tile states are
in catalogue-data.json under this entry’s reproduction.initialCellStates.

Interpretation and limits
A constructed finite-board demonstration of collective activity, not a compact discovered structure or a novel
rule. Persistence to 3,000 does not prove nonperiodic behaviour, indefinite persistence on an infinite tiling, or lack
of a finite-board eventual cycle. It is classified as a package construction, C04.

Pattern provenance and credit (C04)
A reproducible pseudorandom field constructed for the package’s rule survey, using seed hat-touch-B1/S-2,
density 0.12 and an eight-ring dead border. It was selected because it remains active through 3,000 generations.
This is a finite-board demonstration of collective dynamics, not an attributed compact pattern or a claim of a
newly discovered rule.

Evidence in release: discoveries.js. Complete source and evidence lists are in catalogue-data.json.
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P01 Penrose twelve-traveller launcher
penrose-b2-c6-twelve-launcher

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S | C = 6 | edge-or-point contact (touch)
Complete rule and prior use: R22 (p. 113). Notation (p. 3).

Depth 10; sun seed; 54,560 cells; dead border rings = 0.

t = 0
N = 3; L = 3

t = 90
N = 198; L = 38

t = 130
N = 190; L = 34

State: 0 1 2 3 4 5

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Three initially live cells produce twelve compact bodies whose independent evolutions reconstruct the entire
configuration at every generation from 90 through 130. All twelve have observed translated full-state/polygon
returns; five also have a verified matching three-ring neighbourhood return.

Catalogue replay through t = 130.

Exact initial configuration (tile ID,state)
(46186,1) (51676,1) (51680,1)

Interpretation and limits
A finite, placement-dependent one-off launcher in the B2/S six-state travelling family R22, illustrated by P13. It is
neither a repeating gun nor evidence for a new propagating mechanism. Locally matching transplants do not
necessarily preserve the twelve-body outcome.

Pattern provenance and credit (P01)
Three live cells selected by the connected/phased-seed campaign launch twelve independent compact bodies
from generation 90 to 130, with a minimum observed boundary distance of seven graph steps. All twelve have
translated full-state and polygon returns, while five have radius-three halo returns within that horizon. All six
nonempty proper seed subsets differ at generation 130. This is a finite launcher using the package travelling
family R22 (P13), not a new glider mechanism or repeating gun. Larger locally matching placements need not
preserve this outcome. No exact precedent was identified in the literature reviewed to 14 October 2026.

Evidence in release: research/continued-search/penrose/campaigns.json. Complete source and evidence lists are in
catalogue-data.json.



APERIODIC LIFE 3.7.4  /  COMPLETE PRESET CATALOGUE PENROSE / P02

Catalogue revision 2 | 14 October 2026 | Rules, evidence and attribution 38

P02 Penrose five-traveller launcher
penrose-b2-c5-five-launcher

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S | C = 5 | edge-or-point contact (touch)
Complete rule and prior use: R21 (p. 112). Notation (p. 3).

Depth 11; sun seed; 143,010 cells; dead border rings = 0.

t = 0
N = 3; L = 3

t = 80
N = 243; L = 57

t = 240
N = 67; L = 18

State: 0 1 2 3 4

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Three initially live cells yield five compact five-state travelling bodies. From generation 120 through 240 the five
independently simulated bodies reproduce the complete state; each has an observed full-state translated return
with matching tile polygons and three neighbourhood rings.

Catalogue replay through t = 240.

Exact initial configuration (tile ID,state)
(120863,1) (120865,1) (120867,1)

Interpretation and limits
A finite one-off launch using the B2/S travelling family; no repeating source or indefinite continuation has been
established.

Pattern provenance and credit (P02)
This three-live-cell launch and its depth-11 placement were located by the package's connected-seed search and
polygon-matched transplants. Its five emitted bodies use the B2/S five-state family R21 (P12), with finite
verification through generation 240. This identifies the origin of this recorded launch, not a first-discovery claim
for the rule or propagating mechanism. Goucher’s earlier published Penrose gliders use a different rule [4].

Related literature; not an identified exact source for this configuration: [4].

Evidence in release: research/exhaustive-search/penrose/campaigns.json. Complete source and evidence lists are in
catalogue-data.json.



APERIODIC LIFE 3.7.4  /  COMPLETE PRESET CATALOGUE PENROSE / P03

Catalogue revision 2 | 14 October 2026 | Rules, evidence and attribution 39

P03 Penrose six-traveller launcher
penrose-b2-c6-six-launcher

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S | C = 6 | edge-or-point contact (touch)
Complete rule and prior use: R22 (p. 113). Notation (p. 3).

Depth 11; sun seed; 143,010 cells; dead border rings = 0.

t = 0
N = 3; L = 3

t = 80
N = 99; L = 22

t = 200
N = 92; L = 19

State: 0 1 2 3 4 5

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Three initially live cells yield six compact six-state travelling bodies. From generation 120 through 200 their
independent evolutions reproduce the complete state; each has an observed full-state translated return with
matching tile polygons and three neighbourhood rings.

Catalogue replay through t = 200.

Exact initial configuration (tile ID,state)
(65275,1) (65271,1) (65274,1)

Interpretation and limits
A finite one-off launch using the B2/S travelling family; no repeating source or indefinite continuation has been
established.

Pattern provenance and credit (P03)
This three-live-cell launch and its depth-11 placement were located by the package's connected-seed search and
polygon-matched transplants. Its six emitted bodies use the B2/S six-state family R22 (P13), with finite
verification through generation 200. This identifies the origin of this recorded launch, not a first-discovery claim
for the rule or propagating mechanism. Goucher’s earlier published Penrose gliders use a different rule [4].

Related literature; not an identified exact source for this configuration: [4].

Evidence in release: research/exhaustive-search/penrose/campaigns.json. Complete source and evidence lists are in
catalogue-data.json.
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P04 Penrose compact oscillator - period 822
penrose-edge-b23s23-p822

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B23/S23 | C = 2 | shared-edge
Complete rule and prior use: R17 (p. 111). Notation (p. 3).

Depth 8; sun seed; 7,920 cells; dead border rings = 1.

t = 0
N = 19; L = 19

t = 205
N = 26; L = 26

t = 411
N = 30; L = 30

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An exact least-period-822 stationary oscillator starts from nineteen live tiles and visits a total of forty-six tiles.
Thirty-nine individual sites have least temporal period 822, excluding an explanation solely as independent
smaller-period oscillators.

Least period p = 822; transient = 0; cycle L = 19-37; cycle territory = 46 tiles; cycle minimum boundary distance = 40.

Exact initial configuration (tile ID,state)
(5116,1) (5117,1) (5118,1) (5887,1) (5888,1) (5889,1) (5892,1) (5893,1) (5909,1) (5911,1) (5922,1)
(5924,1) (5925,1) (5926,1) (5932,1) (5940,1) (5947,1) (5950,1) (5952,1)

Interpretation and limits
Uses B23/S23 with edge adjacency, not ordinary Conway B3/S23 on the contact graph. The rule, graph and
complete state are essential to the identity.

Pattern provenance and credit (P04)
Recovered in the package's focused B23/S23 edge search, then transplanted from depth 7 to depth 8. The
recorded full period is 822 and 39 individual sites have that period. Owens-Stepney is earlier work on Penrose
oscillators, but its Conway touch-graph catalogue does not establish authorship of this different-rule edge-graph
pattern. No exact precedent was identified in the literature reviewed to 14 October 2026. Earlier Penrose
oscillator catalogue: Owens and Stepney [5].

Related literature; not an identified exact source for this configuration: [5].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P05 Penrose three-state oscillator - period 14
penrose-conway-c3-p14

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 3 | edge-or-point contact (touch)
Complete rule and prior use: R28 (p. 115). Notation (p. 3).

Depth 8; sun seed; 7,920 cells; dead border rings = 1.

t = 0
N = 6; L = 4

t = 3
N = 8; L = 5

t = 7
N = 6; L = 4

State: 0 1 2

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
Four live and two refractory tiles initiate an exact least-period-14 stationary oscillator, using three-state B3/S23
Generations on the contact graph.

Least period p = 14; transient = 0; cycle L = 4-8; cycle territory = 27 tiles; cycle minimum boundary distance = 16.

Exact initial configuration (tile ID,state)
(1944,1) (2003,1) (2004,1) (2007,1) (2710,2) (2747,2)

Interpretation and limits
This is a three-state rule. A binary Penrose oscillator of the same period is not thereby a precedent for the same
pattern.

Pattern provenance and credit (P05)
Recovered in the package's multistate oscillator survey and transplanted from depth 7 to depth 8. This is a
three-state B3/S23 Generations oscillator; it must not be identified with a published binary Penrose oscillator
merely by period. No exact precedent was identified in the literature reviewed to 14 October 2026. Earlier
Penrose oscillator catalogue: Owens and Stepney [5].

Related literature; not an identified exact source for this configuration: [5].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P06 Penrose Conway p4
penrose-conway-p4

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R27 (p. 114). Notation (p. 3).

Depth 8; sun seed; 7,920 cells; dead border rings = 1.

t = 0
N = 11; L = 11

t = 1
N = 12; L = 12

t = 2
N = 10; L = 10

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An eleven-live-tile phase belongs to a least-period-4 contact-graph Conway oscillator; twelve tiles occur in its
cycle support and its live population ranges from nine to twelve.

Least period p = 4; transient = 0; cycle L = 9-12; cycle territory = 12 tiles; cycle minimum boundary distance = 25.

Exact initial configuration (tile ID,state)
(4316,1) (4319,1) (4321,1) (4326,1) (4327,1) (5095,1) (5098,1) (5101,1) (5102,1) (5107,1) (5108,1)

Interpretation and limits
Owens and Stepney’s Penrose Life catalogue [5] is relevant earlier work. An exact identification with its illustrated
patterns has not been established; independent recovery from soup is not proof of originality.

Pattern provenance and credit (P06)
The package record recovers this exact phase from deterministic soup penrose-touch-B3/S23-2-osc-v3-6566,
density 0.16. It has 12 support tiles and minimum population 9. Penrose Conway oscillators were catalogued by
Owens and Stepney, but an exact identification with their illustrated patterns has not been established; this is a
package search attribution, not a worldwide originality claim. Earlier Penrose oscillator catalogue: Owens and
Stepney [5].

Related literature; not an identified exact source for this configuration: [5].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P07 Penrose Conway p5
penrose-conway-p5

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R27 (p. 114). Notation (p. 3).

Depth 8; sun seed; 7,920 cells; dead border rings = 1.

t = 0
N = 8; L = 8

t = 1
N = 8; L = 8

t = 2
N = 8; L = 8

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An eight-live-tile phase belongs to a least-period-5 contact-graph Conway oscillator with eighteen-tile cycle
support and live population between eight and ten.

Least period p = 5; transient = 0; cycle L = 8-10; cycle territory = 18 tiles; cycle minimum boundary distance = 16.

Exact initial configuration (tile ID,state)
(376,1) (433,1) (1070,1) (1116,1) (1120,1) (1127,1) (1225,1) (1228,1)

Interpretation and limits
Its support and minimum population differ from the published r-p5-14-7 juggler, excluding that particular
invariant match. Other possible antecedents have not been ruled out.

Pattern provenance and credit (P07)
The exact phase is recorded under soup penrose-touch-B3/S23-2-osc-v3-1151, density 0.35. It has 18 support
tiles and minimum population 8. It is not identified with the published r-p5-14-7 juggler: those support/population
invariants differ. No exact earlier match was identified in the literature reviewed to 14 October 2026. Earlier
Penrose oscillator catalogue: Owens and Stepney [5].

Related literature; not an identified exact source for this configuration: [5].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P08 Penrose Conway p7
penrose-conway-p7

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R27 (p. 114). Notation (p. 3).

Depth 8; sun seed; 7,920 cells; dead border rings = 1.

t = 0
N = 11; L = 11

t = 1
N = 11; L = 11

t = 3
N = 7; L = 7

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
An eleven-live-tile phase belongs to a least-period-7 contact-graph Conway oscillator; twenty tiles occur during
the cycle and the live population ranges from seven to eleven.

Least period p = 7; transient = 0; cycle L = 7-11; cycle territory = 20 tiles; cycle minimum boundary distance = 7.

Exact initial configuration (tile ID,state)
(5545,1) (5546,1) (5549,1) (6188,1) (6189,1) (6200,1) (6216,1) (6225,1) (6226,1) (6227,1) (6230,1)

Interpretation and limits
Owens and Stepney’s Penrose oscillator catalogue [5] is directly relevant; exact earlier-pattern identity remains
unresolved.

Pattern provenance and credit (P08)
The package soup replay records seed penrose-touch-osc-149, density 0.16, and this exact isolated period-7
phase. It has 20 support tiles and minimum population 7. No exact earlier match was identified in Owens and
Stepney’s Penrose oscillator catalogue [5] in the review to 14 October 2026.

Related literature; not an identified exact source for this configuration: [5].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P09 Penrose Conway p12
penrose-conway-p12

Possible published antecedent; identity unresolved: Owens-Stepney fireworks oscillator r-p12-33-6 [5], Fig. 18.96;
[6], Fig. 6. This entry is not claimed original.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R27 (p. 114). Notation (p. 3).

Depth 8; sun seed; 7,920 cells; dead border rings = 1.

t = 0
N = 6; L = 6

t = 3
N = 9; L = 9

t = 6
N = 6; L = 6

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
A six-live-tile phase belongs to a least-period-12 contact-graph Conway oscillator with thirty-three-tile cycle
support and live population between six and fourteen.

Least period p = 12; transient = 0; cycle L = 6-14; cycle territory = 33 tiles; cycle minimum boundary distance = 17.

Exact initial configuration (tile ID,state)
(3566,1) (3596,1) (3600,1) (3607,1) (3608,1) (3609,1)

Interpretation and limits
The published fireworks oscillator has matching period, territory and minimum population, but those invariants do
not uniquely identify an oscillator. The possible antecedent remains unresolved; no originality claim is made.

Pattern provenance and credit (P09)
POSSIBLE PUBLISHED ANTECEDENT: the Owens-Stepney fireworks pattern r-p12-33-6 shares its period, territory
and minimum population [5], [6]. Complete phase-and-neighbourhood identity has not been established. Treat
priority as unresolved, not original.

Possible antecedent: fireworks oscillator r-p12-33-6, [5] Fig. 18.96 and [6] Fig. 6; exact phase geometry not compared: [5], [6].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.



APERIODIC LIFE 3.7.4  /  COMPLETE PRESET CATALOGUE PENROSE / P10

Catalogue revision 2 | 14 October 2026 | Rules, evidence and attribution 46

P10 Penrose edge-graph p4
penrose-edge-conway-p4

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | shared-edge
Complete rule and prior use: R18 (p. 111). Notation (p. 3).

Depth 8; sun seed; 7,920 cells; dead border rings = 1.

t = 0
N = 23; L = 23

t = 1
N = 22; L = 22

t = 2
N = 24; L = 24

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
A twenty-three-live-tile phase initiates a least-period-4 edge-graph Conway oscillator with twenty-five-tile cycle
support and live population between twenty-two and twenty-five.

Least period p = 4; transient = 0; cycle L = 22-25; cycle territory = 25 tiles; cycle minimum boundary distance = 41.

Exact initial configuration (tile ID,state)
(1135,1) (1136,1) (1137,1) (1141,1) (1157,1) (1171,1) (1176,1) (1177,1) (1178,1) (1179,1) (1192,1)
(1194,1) (1195,1) (1199,1) (1200,1) (1201,1) (1203,1) (1917,1) (1919,1) (1922,1) (1975,1) (1976,1)
(1977,1)

Interpretation and limits
The edge graph differs from the generalised Moore/contact graph used in the cited Owens-Stepney catalogue.
Shared rule notation and period do not establish identity.

Pattern provenance and credit (P10)
The exact phase is recorded under soup penrose-edge-B3/S23-2-osc-v3-4732, density 0.30. This example uses
edge adjacency, unlike the generalised Moore contact graph in the cited Penrose Conway catalogue. Same rule
name or period alone does not identify an earlier exact pattern; no exact precedent was identified in the
literature reviewed to 14 October 2026. Earlier Penrose oscillator catalogue: Owens and Stepney [5].

Related literature; not an identified exact source for this configuration: [5].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P11 Penrose compact traveller
penrose-b2-c4-compact-traveller

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S | C = 4 | edge-or-point contact (touch)
Complete rule and prior use: R20 (p. 112). Notation (p. 3).

Depth 10; sun seed; 54,560 cells; dead border rings = 0.

t = 0
N = 7; L = 3

t = 102
N = 11; L = 4

t = 164
N = 11; L = 4

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A seven-nonzero-tile phased seed remains connected and compact through 220 generations, traversing 193.270
tile-edge units with seven to eleven nonzero tiles. Generations 102 and 164 have a complete-state translated
return with matching three-ring local neighbourhoods.

Verified through t = 220; N = 7-11; 220-step replay minimum boundary distance = 9.

Exact initial configuration (tile ID,state)
(5,1) (11,1) (12,3) (20,2) (21,1) (23,2) (27,2)

Interpretation and limits
Finite propagation only: a translated return of the occupied state and three surrounding graph rings does not
prove that the aperiodic tiling ahead continues to provide equivalent neighbourhoods indefinitely. Adam P.
Goucher’s Penrose gliders [4] use a different transition rule.

Pattern provenance and credit (P11)
The package retains an explicit source phase and a polygon-preserving transplant verifier. It is a 4-state B2/S
live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a
different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no
worldwide first-discovery claim is made for this Penrose phase. Earlier Penrose glider work under a different rule:
Goucher [4].

Related literature; not an identified exact source for this configuration: [4].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P12 Penrose five-state traveller
penrose-b2-c5-compact-traveller

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S | C = 5 | edge-or-point contact (touch)
Complete rule and prior use: R21 (p. 112). Notation (p. 3).

Depth 10; sun seed; 54,560 cells; dead border rings = 0.

t = 0
N = 11; L = 4

t = 59
N = 11; L = 4

t = 161
N = 11; L = 4

State: 0 1 2 3 4

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
An eleven-nonzero-tile phased seed remains connected and compact through 220 generations, traversing
192.391 tile-edge units with eleven to fourteen nonzero tiles. Generations 59 and 161 have a complete-state
translated return with matching three-ring local neighbourhoods.

Verified through t = 220; N = 11-14; 220-step replay minimum boundary distance = 12.

Exact initial configuration (tile ID,state)
(17168,2) (17169,2) (17172,2) (17173,1) (17174,1) (17185,1) (17187,1) (17219,4) (17220,3) (17221,3)
(17228,4)

Interpretation and limits
Finite propagation only: a translated return of the occupied state and three surrounding graph rings does not
prove that the aperiodic tiling ahead continues to provide equivalent neighbourhoods indefinitely. Adam P.
Goucher’s Penrose gliders [4] use a different transition rule.

Pattern provenance and credit (P12)
The recorded depth-10 phase is taken from the package's five-state traveller campaign. It is a 5-state B2/S
live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a
different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no
worldwide first-discovery claim is made for this Penrose phase. Earlier Penrose glider work under a different rule:
Goucher [4].

Related literature; not an identified exact source for this configuration: [4].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P13 Penrose six-state traveller
penrose-b2-c6-compact-traveller

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S | C = 6 | edge-or-point contact (touch)
Complete rule and prior use: R22 (p. 113). Notation (p. 3).

Depth 10; sun seed; 54,560 cells; dead border rings = 0.

t = 0
N = 14; L = 3

t = 80
N = 16; L = 4

t = 143
N = 16; L = 4

State: 0 1 2 3 4 5

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A fourteen-nonzero-tile phased seed remains connected and compact through 220 generations, traversing
192.268 tile-edge units with fourteen to eighteen nonzero tiles. Generations 80 and 143 have a complete-state
translated return with matching three-ring local neighbourhoods.

Verified through t = 220; N = 14-18; 220-step replay minimum boundary distance = 11.

Exact initial configuration (tile ID,state)
(30966,1) (30970,1) (30976,4) (30977,3) (30978,5) (30980,4) (30983,5) (30984,2) (30985,2) (30987,2)
(30988,3) (30989,3) (36409,2) (36419,1)

Interpretation and limits
Finite propagation only: a translated return of the occupied state and three surrounding graph rings does not
prove that the aperiodic tiling ahead continues to provide equivalent neighbourhoods indefinitely. Adam P.
Goucher’s Penrose gliders [4] use a different transition rule.

Pattern provenance and credit (P13)
The recorded depth-10 phase is taken from the package's six-state traveller campaign. It is a 6-state B2/S
live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a
different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no
worldwide first-discovery claim is made for this Penrose phase. Earlier Penrose glider work under a different rule:
Goucher [4].

Related literature; not an identified exact source for this configuration: [4].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P14 Penrose B24 launcher traveller
penrose-b24-c4-launcher-traveller

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B24/S | C = 4 | edge-or-point contact (touch)
Complete rule and prior use: R24 (p. 113). Notation (p. 3).

Depth 10; sun seed; 54,560 cells; dead border rings = 0.

t = 0
N = 27; L = 10

t = 63
N = 9; L = 4

t = 126
N = 9; L = 4

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A phased seed of twenty-seven nonzero tiles (ten live and seventeen refractory) produces eight R24:B4 (birth
with exactly four edge-or-point-contact live neighbours) births by generation 14 before settling into a compact
B2/S-type wave. The complete configuration traverses 171.841 tile-edge units through generation 200, becoming
continuously connected from generation 27.

Verified through t = 200; N = 7-37; 200-step replay minimum boundary distance = 14.

Exact initial configuration (tile ID,state)
(53164,3) (53272,1) (53285,3) (53293,3) (53174,3) (53176,1) (53171,3) (53172,1) (53113,2) (53114,3)
(53273,1) (53117,3) (53282,1) (53121,3) (53127,2) (53128,1) (3971,3) (4020,1) (53269,2) (53270,1)
(53208,3) (4109,2) (4113,1) (53206,2) (4110,3) (4052,3) (4053,1)

Interpretation and limits
The added R24:B4 clause affects launch; the mature recurrent body belongs to the B2/S family. The recorded
seed and launch are distinct catalogue objects, not a new recurrent glider mechanism.

Pattern provenance and credit (P14)
The package's altered-rule search supplied this 27-cell phased launcher. Eight R24:B4 births affect its launch; its
mature travelling core belongs to the package's B2/S family. This attributes the recorded seed and launch
mechanism, not a new recurrent glider core or a proved immortal Penrose glider. No external exact-pattern
source has been established.

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P15 Penrose B2/S4 survival launcher
penrose-b2s4-c5-survival-launcher

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S4 | C = 5 | edge-or-point contact (touch)
Complete rule and prior use: R23 (p. 113). Notation (p. 3).

Depth 10; sun seed; 54,560 cells; dead border rings = 0.

t = 0
N = 7; L = 7

t = 36
N = 12; L = 4

t = 60
N = 12; L = 4

State: 0 1 2 3 4

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Seven initially live tiles undergo two R23:S4 (survival with exactly four edge-or-point-contact live neighbours)
survivals by generation 7 and launch a five-state B2/S-type wave. The configuration traverses 170.831 tile-edge
units in 200 generations, becoming continuously connected from generation 14.

Verified through t = 200; N = 7-31; 200-step replay minimum boundary distance = 17.

Exact initial configuration (tile ID,state)
(53470,1) (53474,1) (53475,1) (53620,1) (53619,1) (53622,1) (53789,1)

Interpretation and limits
R23:S4 affects ignition but does not establish a new mature travelling mechanism. This is a finite one-off launch.

Pattern provenance and credit (P15)
This seven-live-cell seed comes from the package's Penrose traveller search. Two R23:S4 survivals distinguish its
launch before it settles into the established B2/S-type wave. The exact seed, clause ablation and finite traversal
are documented; no exact precedent for this launch was identified in the literature reviewed to 14 October 2026.

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P16 Penrose B26/S birth launcher
penrose-b26s-c4-birth-launcher

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B26/S | C = 4 | edge-or-point contact (touch)
Complete rule and prior use: R25 (p. 114). Notation (p. 3).

Depth 10; sun seed; 54,560 cells; dead border rings = 0.

t = 0
N = 18; L = 8

t = 32
N = 8; L = 2

t = 56
N = 8; L = 2

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
An eighteen-nonzero-tile phased seed uses one R25:B6 (birth with exactly six edge-or-point-contact live
neighbours) birth at the first update, then self-cleans into a four-state B2/S-type wave. It traverses 175.890
tile-edge units in 200 generations and remains connected from generation 5.

Verified through t = 200; N = 7-20; 200-step replay minimum boundary distance = 15.

Exact initial configuration (tile ID,state)
(20355,2) (20356,2) (20357,3) (20361,1) (20364,1) (20367,1) (20369,1) (20370,1) (20373,1) (20375,1)
(20376,1) (25826,2) (25798,3) (25800,3) (25806,2) (26236,3) (25814,2) (25822,3)

Interpretation and limits
The extra R25:B6 birth is an ignition event. The eventual travelling body uses the established B2/S mechanism;
no indefinite continuation is established.

Pattern provenance and credit (P16)
The package search supplied this eighteen-cell phased seed. One R25:B6 birth genuinely affects the launch; its
eventual recurrent wave uses the B2/S four-state mechanism R20 (P11). It is a separately recorded launcher
rather than evidence of a new recurrent rule mechanism. No exact precedent was identified in the literature
reviewed to 14 October 2026.

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P17 Penrose B27/S4 dual-clause launcher
penrose-b27s4-c4-dual-clause-launcher

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B27/S4 | C = 4 | edge-or-point contact (touch)
Complete rule and prior use: R26 (p. 114). Notation (p. 3).

Depth 10; sun seed; 54,560 cells; dead border rings = 0.

t = 0
N = 26; L = 26

t = 34
N = 7; L = 3

t = 58
N = 7; L = 3

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Twenty-six live tiles use four R26:B7 (birth with exactly seven edge-or-point-contact live neighbours) births at the
first update and seven R26:S4 (survival with exactly four edge-or-point-contact live neighbours) survivals by
generation 4, then self-clean into a four-state B2/S-type wave. The configuration traverses 177.349 tile-edge units
in 200 generations, becoming continuously connected from generation 6.

Verified through t = 200; N = 7-54; 200-step replay minimum boundary distance = 15.

Exact initial configuration (tile ID,state)
(42184,1) (42599,1) (42185,1) (42614,1) (42613,1) (42180,1) (42618,1) (42591,1) (42596,1) (42195,1)
(42606,1) (42595,1) (42616,1) (42610,1) (42598,1) (42611,1) (47629,1) (42200,1) (42619,1) (42194,1)
(42197,1) (42183,1) (42620,1) (42189,1) (42609,1) (42608,1)

Interpretation and limits
Both added clauses affect launch, but the mature core belongs to the B2/S family. This is neither a new recurrent
rule mechanism nor a repeating gun.

Pattern provenance and credit (P17)
The recorded 26-live-cell launch comes from the package's altered-rule campaign. Both added clauses fire during
launch: R26:B7 births and R26:S4 survivals. The mature core belongs to the B2/S travelling family. This identifies
the package search that produced the seed; no exact precedent was identified in the literature reviewed to 14
October 2026.

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P18 Penrose Conway diehard - 293
penrose-conway-diehard-293

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R27 (p. 114). Notation (p. 3).

Depth 8; sun seed; 7,920 cells; dead border rings = 1.

t = 0
N = 14; L = 14

t = 146
N = 32; L = 32

t = 292
N = 5; L = 5

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Fourteen initially live tiles remain nonempty through generation 292 and become completely extinct at
generation 293; the maximum live population is seventy-nine.

Full extinction at t = 293.

Exact initial configuration (tile ID,state)
(5101,1) (5898,1) (5899,1) (5902,1) (5903,1) (5904,1) (6680,1) (6682,1) (6683,1) (6684,1) (6688,1)
(7484,1) (7490,1) (7491,1)

Interpretation and limits
This is an exactly reproduced lifetime in the recorded finite patch, not a claim to a Penrose lifetime record. Earlier
Penrose Life statistical studies do not by themselves identify the exact seed.

Pattern provenance and credit (P18)
This exact fourteen-cell seed is the retained extinction-at-293 result of the package's 5,000-candidate transient
campaign, deterministic seed penrose-touch-B3/S23-2-transient-v1. Earlier Penrose Life lifetime studies provide
context, but do not identify this exact initial state. No world-record or original-discovery claim is made. Earlier
statistical investigation, not the source of this seed: Owens and Stepney [10].

Related literature; not an identified exact source for this configuration: [10].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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P19 Penrose Conway methuselah - 289
penrose-conway-methuselah-289

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R27 (p. 114). Notation (p. 3).

Depth 8; sun seed; 7,920 cells; dead border rings = 1.

t = 0
N = 22; L = 22

t = 144
N = 48; L = 48

t = 289
N = 4; L = 4

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Twenty-two initially live tiles reach a four-live-tile fixed point after a transient of exactly 289 generations.

Least period p = 1; transient = 289; cycle L = 4-4; cycle territory = 4 tiles; cycle minimum boundary distance = 22.

Exact initial configuration (tile ID,state)
(2729,1) (3514,1) (3515,1) (3517,1) (3518,1) (4310,1) (4312,1) (4313,1) (4316,1) (5091,1) (5095,1)
(5098,1) (5100,1) (5108,1) (5894,1) (5896,1) (5900,1) (5901,1) (6676,1) (6680,1) (6686,1) (7483,1)

Interpretation and limits
The displayed seed is a long transient, not a moving body or an oscillator of period 289. No longest-known or
first-discovery claim is justified.

Pattern provenance and credit (P19)
The exact 22-live-cell seed is the retained result of the package's 35,000-candidate campaign
penrose-touch-b3s23-transient-v2. Its transient is 289 generations before a fixed point. This is a locally
documented search result, not an attribution of the underlying Conway rule or a claim to the longest known
Penrose transient. Earlier statistical investigation, not the source of this seed: Owens and Stepney [10].

Related literature; not an identified exact source for this configuration: [10].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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C02 Penrose B12/S p840 field
penrose-b12-p840-field

Package-generated field under B12/S, C = 2 on the Penrose edge graph (R16). The seed and finite-board
demonstration are package contributions; no new update principle is claimed.

B12/S | C = 2 | shared-edge
Complete rule and prior use: R16 (p. 111). Notation (p. 3).

Depth 8; sun seed; 7,920 cells; dead border rings = 8.

t = 0
N = 696; L = 696

t = 51
N = 2562; L = 2562

t = 471
N = 2558; L = 2558

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A deterministic finite random field reaches a complete-state cycle of least period 840 after a transient of 51
generations. During the cycle 5,252 tiles are nonzero at some time and the live population ranges from 2,553 to
2,587.

Least period p = 840; transient = 51; cycle L = 2553-2587; cycle territory = 5252 tiles; cycle minimum boundary distance = 8.

Exact initialisation recipe
simulation.randomize(0.12, 'penrose-edge-B12/S-2'); initial nonzero cells are state 1. Complete realised tile states
are in catalogue-data.json under this entry’s reproduction.initialCellStates.

Interpretation and limits
A package-generated field, not an indivisible local oscillator. Its period may combine smaller local periods. Neither
an original rule nor a novel mechanism is claimed.

Pattern provenance and credit (C02)
The initial field is generated by the package from seed penrose-edge-B12/S-2, density 0.12 and eight dead border
rings. The finite field has transient 51 and period 840. This is a reproducible seeded demonstration, not a claim to
an independently indivisible period-840 oscillator or an original cellular-automaton rule.

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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C03 Penrose excitable field
penrose-brain-field

Package-generated Penrose field using Brian Silverman’s Brain transition, documented in Rucker-Walker’s CelLab
manual [7]. Rule R19 changes the neighbourhood to Penrose touch adjacency.

B2/S | C = 3 | edge-or-point contact (touch)
Complete rule and prior use: R19 (p. 112). Notation (p. 3).

Depth 8; sun seed; 7,920 cells; dead border rings = 8.

t = 0
N = 515; L = 515

t = 60
N = 1219; L = 593

t = 3000
N = 1199; L = 607

State: 0 1 2

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A deterministic finite initial field remains active through generation 3,000 under three-state B2/S on the Penrose
contact graph; generation 3,000 has 607 live tiles.

Catalogue replay through t = 3000.

Exact initialisation recipe
simulation.randomize(0.12, 'penrose-touch-B2/S-3'); initial nonzero cells are state 1. Complete realised tile states
are in catalogue-data.json under this entry’s reproduction.initialCellStates.

Interpretation and limits
The state transition is Brian Silverman’s established Brain rule, transferred to a different graph. This is a seeded
field demonstration, not an unpreceded fixed pattern, periodicity proof, or infinite-activity proof.

Pattern provenance and credit (C03)
The B2/S three-state transition is Brian Silverman’s Brain rule, documented in Rucker and Walker’s CelLab
manual [7], here applied to the Penrose touch graph instead of its usual square neighbourhood. The exact
random field is package-generated from seed penrose-touch-B2/S-3 at density 0.12 with eight border rings. Its
3,000-generation observation is a finite demonstration, not a published fixed pattern or a first-discovery claim.

Source for Brian Silverman’s Brain local transition; the Penrose neighbourhood and generated seed are package choices: [7].

Evidence in release: research/fixtures/catalogue-verification.json. Complete source and evidence lists are in catalogue-data.json.
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X01 Hexagonal p6 single-cell-trail puffer
hex-b245s02-c5-p6-puffer

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B245/S02 | C = 5 | shared-edge
Complete rule and prior use: R47 (p. 121). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 28; L = 10

t = 6
N = 29; L = 11

t = 30
N = 33; L = 15

State: 0 1 2 3 4

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A five-state puffer shifts by axial (-2,4) every six generations, depositing one stationary live cell each cycle. Exact
separation certificates prove continued propagation on the infinite hexagonal lattice.

Catalogue replay through t = 120.

Exact initial configuration (q,r,state)
(-3,5,1) (-2,3,4) (-2,4,2) (-2,5,1) (-1,0,1) (-1,1,1) (-1,3,1) (-1,4,2) (-1,5,1) (0,-1,2) (0,0,2)
(0,1,1) (0,3,4) (1,-4,2) (1,-3,3) (1,-2,4) (1,-1,4) (1,0,2) (1,1,1) (2,-4,2) (2,-3,4) (2,-2,4)
(2,-1,2) (2,0,1) (3,-5,1) (3,-4,2) (3,-3,3) (4,-4,2)

Interpretation and limits
Period 6 is the head-plus-deposit recurrence interval; the entire ever-growing trail is neither an oscillator nor a
finite spaceship. R47:B5 (birth with exactly five edge-sharing live neighbours) is inactive on this established
puffer orbit.

Pattern provenance and credit (X01)
A moving head extracted from the three-cell mixed-state seed. Its complete period-6 recurrence and permanent
separation from every deposit are certified. R47:B5 is unused in flight; the three-cell launch uses R47:B5 twice.
This is a newly verified package example, not a claim of first discovery.

Evidence in release: research/continued-search/hex/campaigns.json. Complete source and evidence lists are in
catalogue-data.json.
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X02 Hexagonal three-cell twin-puffer launcher
hex-b245s02-c5-three-cell-twin-puffer-launcher

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B245/S02 | C = 5 | shared-edge
Complete rule and prior use: R47 (p. 121). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 3; L = 2

t = 30
N = 60; L = 24

t = 60
N = 70; L = 34

State: 0 1 2 3 4

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Two live cells and one refractory cell launch two opposite puffers. By generation 30 they have separated from
four stationary cells; each puffer then deposits one live cell every six generations.

Catalogue replay through t = 120.

Exact initial configuration (q,r,state)
(0,1,2) (1,0,1) (2,0,1)

Interpretation and limits
This is a one-off launch of two moving emitters, not a stationary gun. Generation 30 is the first successful split
among tested generations divisible by six, not a universal earliest-decomposition claim. R47:B5 (birth with
exactly five edge-sharing live neighbours) is used twice during ignition.

Pattern provenance and credit (X02)
Mixed-state exhaustive campaign, seed mixed-n3-c5-s10. Complete replay gives two opposite certified p6 puffers
and four stationary live cells at generation 30. This is a finite launch, not a stationary gun. A related four-live-cell
seed had remained unclassified in the earlier exhaustive campaign; no exact precedent was identified in the
literature reviewed to 14 October 2026.

Evidence in release: research/continued-search/hex/campaigns.json. Complete source and evidence lists are in
catalogue-data.json.
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X03 Hexagonal p48 long-cycle spaceship
hex-b2345s24-c4-p48-traveller

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2345/S24 | C = 4 | shared-edge
Complete rule and prior use: R42 (p. 119). Notation (p. 3).

Radius 192; 111,169 cells; dead border rings = 1.

t = 0
N = 21; L = 10

t = 24
N = 21; L = 10

t = 48
N = 21; L = 10

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The complete 4-state configuration has least translated period 48, with axial displacement (-32, 16). Its recurrent
orbit contains 10-23 live cells and 21-50 nonzero cells. Translation invariance gives indefinite recurrence on the
unbounded hexagonal lattice.

Least period p = 48; transient = 0; axial shift = (-32, 16); cycle L = 10-23; cycle N = 21-50.

Exact initial configuration (q,r,state)
(-4,4,1) (-3,3,1) (-3,4,1) (-2,2,3) (-2,3,1) (-2,4,3) (0,1,1) (0,2,2) (0,3,1) (0,4,1) (1,0,1)
(1,1,1) (1,2,3) (1,3,1) (2,-3,2) (2,-2,3) (2,2,2) (2,3,3) (3,-4,3) (3,-1,3) (4,-2,3)

Interpretation and limits
R42:B5 (birth with exactly five edge-sharing live neighbours) is inactive throughout this recurrent orbit; the
searched rule B2345/S24 is retained. D6/phase comparison excludes matches only within the preceding 33-entry
package catalogue. Independent decomposition finds one persistent body plus short-lived sparks, not an
independently repeating convoy.

Pattern provenance and credit (X03)
Seven-cell exhaustive campaign, seed n7c4s245: seven live cells settle after 16 generations into this exact
period-48 ship. The displayed recurrent phase was centred for viewing. Full D6/phase comparison finds no match
in the preceding 33-entry hexagonal catalogue. Independent decomposition at every phase confirms one
persistent body with short-lived sparks, rather than a convoy of independently recurring ships. No worldwide
priority claim is made.

Evidence in release: research/continued-search/hex/campaigns.json. Complete source and evidence lists are in
catalogue-data.json.
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X04 Hexagonal three-cell glider
hex-b2s0-c3-three-cell-glider

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S0 | C = 3 | shared-edge
Complete rule and prior use: R30 (p. 115). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 3; L = 3

t = 1
N = 5; L = 2

t = 3
N = 5; L = 2

State: 0 1 2

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The complete 3-state configuration has least translated period 2, with axial displacement (0, -1). Its recurrent
orbit contains 2-3 live cells and 3-5 nonzero cells. Translation invariance gives indefinite recurrence on the
unbounded hexagonal lattice.

Least period p = 2; transient = 0; axial shift = (0, -1); cycle L = 2-3; cycle N = 3-5; 120-step replay minimum boundary distance =
68.

Exact initial configuration (q,r,state)
(0,1,1) (1,0,1) (2,0,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X04)
Campaign small, enumerated seed 3, recorded trial 101391. Three live cells already form a period-2 spaceship in
B2/S0 with three states; complete-state translation is (0,-1). The campaign enumerated connected all-live seeds
of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules
and state counts 2-6, subject to its documented simulation limits. This identifies the package search that
produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026.

Evidence in release: research/fixtures/hex-exhaustive-evidence.json. Complete source and evidence lists are in
catalogue-data.json.
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X05 Hexagonal four-cell diagonal launcher
hex-b234s1346-c3-four-cell-launcher

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B234/S1346 | C = 3 | shared-edge
Complete rule and prior use: R39 (p. 118). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 4; L = 4

t = 9
N = 19; L = 16

t = 17
N = 19; L = 16

State: 0 1 2

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The complete 3-state configuration has least translated period 8, with axial displacement (1, 1), after a
9-generation transient. Its recurrent orbit contains 7-19 live cells and 12-27 nonzero cells. Translation invariance
gives indefinite recurrence on the unbounded hexagonal lattice.

Least period p = 8; transient = 9; axial shift = (1, 1); cycle L = 7-19; cycle N = 12-27; 120-step replay minimum boundary
distance = 97.

Exact initial configuration (q,r,state)
(0,0,1) (1,0,1) (1,1,1) (2,0,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X05)
Campaign small, enumerated seed 6, recorded trial 120894. Four live cells settle after nine generations into a
period-8 spaceship translating (1,1). This is a finite launch, not a periodically emitting gun. The campaign
enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192
quiescent binary birth/survival rules and state counts 2-6, subject to its documented simulation limits. This
identifies the package search that produced the configuration. No exact precedent was identified in the literature
reviewed to 14 October 2026.

Evidence in release: research/fixtures/hex-exhaustive-evidence.json. Complete source and evidence lists are in
catalogue-data.json.
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X06 Hexagonal five-cell p43 launcher
hex-b2456s1345-c4-five-cell-launcher

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2456/S1345 | C = 4 | shared-edge
Complete rule and prior use: R50 (p. 122). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 5; L = 5

t = 6
N = 18; L = 11

t = 49
N = 18; L = 11

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The complete 4-state configuration has least translated period 43, with axial displacement (-6, 3), after a
6-generation transient. Its recurrent orbit contains 5-32 live cells and 9-48 nonzero cells. Translation invariance
gives indefinite recurrence on the unbounded hexagonal lattice.

Least period p = 43; transient = 6; axial shift = (-6, 3); cycle L = 5-32; cycle N = 9-48; 178-step replay minimum boundary
distance = 102.

Exact initial configuration (q,r,state)
(0,3,1) (1,2,1) (2,1,1) (3,1,1) (4,0,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X06)
Campaign n5, enumerated seed n5s19, recorded trial 525071. Five live cells settle after six generations into a
period-43 spaceship translating (-6,3). This is a finite launch, not a periodically emitting gun. The campaign
enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192
quiescent binary birth/survival rules and state counts 2-6, subject to its documented simulation limits. This
identifies the package search that produced the configuration. No exact precedent was identified in the literature
reviewed to 14 October 2026.

Evidence in release: research/fixtures/hex-exhaustive-evidence.json. Complete source and evidence lists are in
catalogue-data.json.
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X07 Hexagonal six-cell p9 knightship launcher
hex-b23s13-c4-p9-knightship-launcher

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B23/S13 | C = 4 | shared-edge
Complete rule and prior use: R35 (p. 117). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 6; L = 6

t = 16
N = 15; L = 9

t = 25
N = 15; L = 9

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The complete 4-state configuration has least translated period 9, with axial displacement (5, -4), after a
16-generation transient. Its recurrent orbit contains 7-15 live cells and 15-33 nonzero cells. Translation invariance
gives indefinite recurrence on the unbounded hexagonal lattice.

Least period p = 9; transient = 16; axial shift = (5, -4); cycle L = 7-15; cycle N = 15-33; 120-step replay minimum boundary
distance = 61.

Exact initial configuration (q,r,state)
(0,0,1) (0,2,1) (1,0,1) (1,1,1) (1,2,1) (2,1,1)

Interpretation and limits
The term knightship identifies an oblique displacement outside the hexagonal axes and their bisectors; it does
not imply that oblique hexagonal spaceships are historically new.

Pattern provenance and credit (X07)
Campaign n6, enumerated seed n6s14, recorded trial 1407298. Six live cells settle after sixteen generations into
a period-9 spaceship translating (5,-4). Its oblique heading is outside the edge-axis and angle-bisector directions;
this does not establish a first such hexagonal spaceship. The campaign enumerated connected all-live seeds of
one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and
state counts 2-6, subject to its documented simulation limits. This identifies the package search that produced
the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026.

Evidence in release: research/fixtures/hex-exhaustive-evidence.json. Complete source and evidence lists are in
catalogue-data.json.
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X08 Hexagonal six-cell p10 knightship
launcher
hex-b234s245-c5-p10-knightship-launcher

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B234/S245 | C = 5 | shared-edge
Complete rule and prior use: R40 (p. 119). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 6; L = 6

t = 12
N = 48; L = 24

t = 22
N = 48; L = 24

State: 0 1 2 3 4

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The complete 5-state configuration has least translated period 10, with axial displacement (1, 2), after a
12-generation transient. Its recurrent orbit contains 7-24 live cells and 22-58 nonzero cells. Translation invariance
gives indefinite recurrence on the unbounded hexagonal lattice.

Least period p = 10; transient = 12; axial shift = (1, 2); cycle L = 7-24; cycle N = 22-58; 120-step replay minimum boundary
distance = 85.

Exact initial configuration (q,r,state)
(0,3,1) (1,2,1) (2,1,1) (3,1,1) (4,0,1) (5,0,1)

Interpretation and limits
Deleting R40:S5 (survival with exactly five edge-sharing live neighbours) changes R40 to B234/S24 with C = 5
and the same six edge-sharing neighbours. Applied from generation 0 to this seed, that changed rule fails to
produce the recorded spaceship. R40:S5 is enabled throughout the original run, although it is needed only during
launch and never fires in the eventual cycle. This is a one-off launcher, not a repeating gun.

Pattern provenance and credit (X08)
Campaign n6, enumerated seed n6s78, recorded trial 2166518. Six live cells settle after twelve generations into a
period-10 spaceship translating (1,2). Survival clause R40:S5 acts during the launch, although inactive in the
eventual orbit; removing it before launch destroys the example. This is a finite launch, not a gun. The campaign
enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192
quiescent binary birth/survival rules and state counts 2-6, subject to its documented simulation limits. This
identifies the package search that produced the configuration. No exact precedent was identified in the literature
reviewed to 14 October 2026.

Evidence in release: research/fixtures/hex-exhaustive-evidence.json. Complete source and evidence lists are in
catalogue-data.json.
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X09 Hexagonal Conway p2
hex-conway-p2

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | shared-edge
Complete rule and prior use: R53 (p. 123). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 4; L = 4

t = 1
N = 4; L = 4

t = 2
N = 4; L = 4

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 2, with 4-4 live cells and 4-4 nonzero cells. Its full cycle visits 7
distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal
lattice.

Least period p = 2; transient = 0; cycle L = 4-4; cycle minimum boundary distance = 31.

Exact initial configuration (q,r,state)
(-1,0,1) (0,0,1) (0,1,1) (1,-1,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X09)
Recovered campaign provenance: deterministic soup seed hex-conway-v31-2, B3/S23 with six edge neighbours,
hexagonal depth 32, density 0.12, transient 6, period 2. The archived soup campaign covered indices 0-4,999 and
used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms the curated pattern.
The old campaign archive was examined in the handover workspace; it is not part of the fresh release. “Conway”
describes the birth/survival rule notation and is not a claim that John Conway discovered this hexagonal pattern.
This identifies the package search that produced the configuration. No exact precedent was identified in the
literature reviewed to 14 October 2026.

Evidence in release: research/mine-oscillators.js. Complete source and evidence lists are in catalogue-data.json.
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X10 Hexagonal Conway p3
hex-conway-p3

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | shared-edge
Complete rule and prior use: R53 (p. 123). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 19; L = 19

t = 1
N = 20; L = 20

t = 2
N = 21; L = 21

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 3, with 19-21 live cells and 19-21 nonzero cells. Its full cycle visits 21
distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal
lattice.

Least period p = 3; transient = 0; cycle L = 19-21; cycle minimum boundary distance = 24.

Exact initial configuration (q,r,state)
(0,0,1) (0,1,1) (0,2,1) (0,3,1) (0,4,1) (1,0,1) (1,4,1) (2,1,1) (2,3,1) (3,1,1) (3,3,1) (3,4,1)
(4,1,1) (4,2,1) (4,4,1) (5,1,1) (5,3,1) (6,1,1) (6,2,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X10)
Recovered campaign provenance: deterministic soup seed hex-conway-v31-3851, B3/S23 with six edge
neighbours, hexagonal depth 32, density 0.35, transient 28, period 3. The archived soup campaign covered
indices 0-4,999 and used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms
the curated pattern. The old campaign archive was examined in the handover workspace; it is not part of the
fresh release. “Conway” describes the birth/survival rule notation and is not a claim that John Conway discovered
this hexagonal pattern. This identifies the package search that produced the configuration. No exact precedent
was identified in the literature reviewed to 14 October 2026.

Evidence in release: research/mine-oscillators.js. Complete source and evidence lists are in catalogue-data.json.
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X11 Hexagonal Conway p6
hex-conway-p6

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | shared-edge
Complete rule and prior use: R53 (p. 123). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 21; L = 21

t = 1
N = 23; L = 23

t = 3
N = 21; L = 21

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 6, with 19-23 live cells and 19-23 nonzero cells. Its full cycle visits 25
distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal
lattice.

Least period p = 6; transient = 0; cycle L = 19-23; cycle minimum boundary distance = 23.

Exact initial configuration (q,r,state)
(0,-2,1) (0,-1,1) (0,0,1) (1,-4,1) (1,-3,1) (1,-2,1) (1,0,1) (2,-5,1) (2,-1,1) (3,-6,1) (3,-4,1)
(3,-3,1) (3,-2,1) (4,-7,1) (4,-6,1) (4,-5,1) (4,-4,1) (5,-8,1) (6,-9,1) (6,-8,1) (7,-9,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X11)
Recovered campaign provenance: deterministic soup seed hex-conway-v31-2813, B3/S23 with six edge
neighbours, hexagonal depth 32, density 0.35, transient 39, period 6. The archived soup campaign covered
indices 0-4,999 and used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms
the curated pattern. The old campaign archive was examined in the handover workspace; it is not part of the
fresh release. “Conway” describes the birth/survival rule notation and is not a claim that John Conway discovered
this hexagonal pattern. This identifies the package search that produced the configuration. No exact precedent
was identified in the literature reviewed to 14 October 2026.

Evidence in release: research/mine-oscillators.js. Complete source and evidence lists are in catalogue-data.json.
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X12 Hexagonal Conway p4 half-turn rotor
hex-conway-p4

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | shared-edge
Complete rule and prior use: R53 (p. 123). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 14; L = 14

t = 1
N = 15; L = 15

t = 2
N = 14; L = 14

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 4, with 14-15 live cells and 14-15 nonzero cells. Its full cycle visits 16
distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal
lattice. At every cycle phase, 2 further steps give a half-turn of the complete labelled state about the same fixed
centre.

Least period p = 4; transient = 0; cycle L = 14-15; cycle minimum boundary distance = 26.

Exact initial configuration (q,r,state)
(-1,-2,1) (0,-2,1) (1,-2,1) (-1,-1,1) (1,-1,1) (0,0,1) (1,0,1) (0,1,1) (1,2,1) (0,3,1) (2,3,1)
(0,4,1) (1,4,1) (2,4,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X12)
Oscillator miner source seed 272632, radius 8, initial density 60%, soup transient 19; the displayed phase is
offset 1 within the resulting orbit. The computational evidence files listed for this entry retain the replayable initial
state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. This identifies
the package search that produced the configuration. No exact precedent was identified in the literature reviewed
to 14 October 2026.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.
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X13 Hexagonal Conway p5
hex-conway-p5

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | shared-edge
Complete rule and prior use: R53 (p. 123). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 14; L = 14

t = 1
N = 14; L = 14

t = 2
N = 15; L = 15

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 5, with 14-16 live cells and 14-16 nonzero cells. Its full cycle visits 19
distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal
lattice.

Least period p = 5; transient = 0; cycle L = 14-16; cycle minimum boundary distance = 27.

Exact initial configuration (q,r,state)
(3,-4,1) (2,-3,1) (3,-3,1) (1,-2,1) (0,-1,1) (1,-1,1) (1,0,1) (-2,1,1) (-2,2,1) (-2,3,1) (-1,3,1)
(-1,4,1) (-2,5,1) (-1,5,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X13)
Oscillator miner source seed 1045970, radius 6, initial density 67%, soup transient 10; the displayed phase is
offset 0 within the resulting orbit. The computational evidence files listed for this entry retain the replayable initial
state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. This identifies
the package search that produced the configuration. No exact precedent was identified in the literature reviewed
to 14 October 2026.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.
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X14 Hexagonal Conway p8
hex-conway-p8

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B3/S23 | C = 2 | shared-edge
Complete rule and prior use: R53 (p. 123). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 22; L = 22

t = 2
N = 25; L = 25

t = 4
N = 24; L = 24

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 8, with 22-25 live cells and 22-25 nonzero cells. Its full cycle visits 27
distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal
lattice.

Least period p = 8; transient = 0; cycle L = 22-25; cycle minimum boundary distance = 27.

Exact initial configuration (q,r,state)
(0,-2,1) (1,-2,1) (2,-2,1) (4,-2,1) (5,-2,1) (-1,-1,1) (2,-1,1) (3,-1,1) (5,-1,1) (-2,0,1) (-1,0,1)
(1,0,1) (3,0,1) (4,0,1) (-3,1,1) (1,1,1) (-3,2,1) (0,2,1) (-3,3,1) (-1,3,1) (-3,4,1) (-2,4,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X14)
Oscillator miner source seed 511247, radius 9, initial density 46%, soup transient 25; the displayed phase is
offset 6 within the resulting orbit. The computational evidence files listed for this entry retain the replayable initial
state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. This identifies
the package search that produced the configuration. No exact precedent was identified in the literature reviewed
to 14 October 2026.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.



APERIODIC LIFE 3.7.4  /  COMPLETE PRESET CATALOGUE HEX / X15

Catalogue revision 2 | 14 October 2026 | Rules, evidence and attribution 72

X15 Hexagonal p269 clock
hex-b34s234-p269

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B34/S234 | C = 2 | shared-edge
Complete rule and prior use: R54 (p. 123). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 25; L = 25

t = 134
N = 41; L = 41

t = 268
N = 50; L = 50

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 269, with 25-50 live cells and 25-50 nonzero cells. Its full cycle visits
53 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded
hexagonal lattice. Twenty-nine individual sites have least period 269, so the period is not merely a combination of
independent shorter clocks.

Least period p = 269; transient = 0; cycle L = 25-50; cycle minimum boundary distance = 27.

Exact initial configuration (q,r,state)
(3,-4,1) (4,-4,1) (5,-4,1) (2,-3,1) (5,-3,1) (1,-2,1) (4,-2,1) (5,-2,1) (0,-1,1) (5,-1,1) (-1,0,1)
(4,0,1) (-2,1,1) (3,1,1) (-3,2,1) (2,2,1) (-4,3,1) (1,3,1) (-5,4,1) (0,4,1) (-5,5,1) (-4,5,1)
(-3,5,1) (-2,5,1) (-1,5,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X15)
Oscillator miner source seed 15338, radius 6, initial density 18%, soup transient 182; the displayed phase is
offset 266 within the resulting orbit. The computational evidence files listed for this entry retain the replayable
initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. This
identifies the package search that produced the configuration. No exact precedent was identified in the literature
reviewed to 14 October 2026.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.
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X16 Hexagonal p57 pulsator
hex-b245s3-p57-pulsator

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B245/S3 | C = 2 | shared-edge
Complete rule and prior use: R48 (p. 121). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 9; L = 9

t = 36
N = 99; L = 99

t = 56
N = 24; L = 24

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 57, with 9-99 live cells and 9-99 nonzero cells. Its full cycle visits 231
distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal
lattice.

Least period p = 57; transient = 0; cycle L = 9-99; cycle minimum boundary distance = 20.

Exact initial configuration (q,r,state)
(-2,2,1) (-1,0,1) (-1,3,1) (0,-1,1) (0,3,1) (2,-2,1) (2,2,1) (3,-1,1) (3,0,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X16)
Binary campaign seed 20261011, trial 2586, mode 1, transient 7, chosen cycle phase offset 34. The
computational evidence files listed for this entry retain the initial state and verification evidence. This identifies
the package search that produced the configuration. No exact precedent was identified in the literature reviewed
to 14 October 2026.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.
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X17 Hexagonal p128 half-turn rotor
hex-b24s3-p128-rotor

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B24/S3 | C = 2 | shared-edge
Complete rule and prior use: R46 (p. 121). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 9; L = 9

t = 32
N = 23; L = 23

t = 64
N = 9; L = 9

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 128, with 9-34 live cells and 9-34 nonzero cells. Its full cycle visits
118 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded
hexagonal lattice. At every cycle phase, 64 further steps give a half-turn of the complete labelled state about the
same fixed centre.

Least period p = 128; transient = 0; cycle L = 9-34; cycle minimum boundary distance = 24.

Exact initial configuration (q,r,state)
(-3,1,1) (-3,4,1) (-2,2,1) (0,0,1) (1,-3,1) (1,3,1) (2,-2,1) (3,1,1) (4,-3,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X17)
Binary campaign seed 908020261011, trial 53543, mode 3, transient 25, chosen cycle phase offset 67. The
computational evidence files listed for this entry retain the initial state and verification evidence. This identifies
the package search that produced the configuration. No exact precedent was identified in the literature reviewed
to 14 October 2026.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.
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X18 Hexagonal p4104 long clock
hex-b234s3-p4104

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B234/S3 | C = 2 | shared-edge
Complete rule and prior use: R41 (p. 119). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 12; L = 12

t = 1098
N = 36; L = 36

t = 2052
N = 12; L = 12

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 4104, with 12-36 live cells and 12-36 nonzero cells. Its full cycle visits
50 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded
hexagonal lattice. Twenty-six individual sites have least period 4104, excluding an explanation solely as
independent shorter clocks.

Least period p = 4104; transient = 0; cycle L = 12-36; cycle minimum boundary distance = 28.

Exact initial configuration (q,r,state)
(-4,0,1) (-4,2,1) (-4,4,1) (-3,2,1) (-2,-2,1) (-2,4,1) (0,-4,1) (0,2,1) (2,-4,1) (2,0,1) (4,-4,1)
(4,-2,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X18)
Binary campaign seed 60520261011, trial 127, mode 2, transient 802, chosen cycle phase offset 2268. The
computational evidence files listed for this entry retain the initial state and verification evidence. This identifies
the package search that produced the configuration. No exact precedent was identified in the literature reviewed
to 14 October 2026.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.
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X19 Hexagonal p372 sixfold rotor
hex-b2s3456-c7-p372-rotor

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B2/S3456 | C = 7 | shared-edge
Complete rule and prior use: R33 (p. 116). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 12; L = 8

t = 93
N = 15; L = 8

t = 186
N = 12; L = 8

State: 0 1 2 3 4 5 6

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 372, with 7-13 live cells and 12-21 nonzero cells. Its full cycle visits
37 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded
hexagonal lattice. At every cycle phase, 62 further steps give a 60-degree rotation of the complete labelled state
about the same fixed centre.

Least period p = 372; transient = 0; cycle L = 7-13; cycle N = 12-21; cycle minimum boundary distance = 28.

Exact initial configuration (q,r,state)
(-1,1,4) (-1,2,3) (0,-1,4) (0,0,1) (0,1,1) (0,2,1) (1,-2,6) (1,-1,1) (1,0,1) (1,1,1) (2,-1,1)
(2,0,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X19)
Generations campaign first, random seed 7522551138070962214, trial 75416, original rule B25/S3456, source
transient 13. The displayed rule B2/S3456 removes R33:B5 (birth with exactly five edge-sharing live neighbours),
which is inactive throughout the verified periodic orbit. Rule simplification certifies the selected complete-state
orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. This
identifies the package search that produced the configuration. No exact precedent was identified in the literature
reviewed to 14 October 2026.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.
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X20 Hexagonal p248 giant breather
hex-b24s16-c3-p248-breather

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B24/S16 | C = 3 | shared-edge
Complete rule and prior use: R45 (p. 120). Notation (p. 3).

Radius 64; 12,481 cells; dead border rings = 1.

t = 0
N = 13; L = 10

t = 75
N = 209; L = 111

t = 124
N = 13; L = 10

State: 0 1 2

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The complete configuration has least period 248, with 9-124 live cells and 13-209 nonzero cells. Its full cycle visits
1281 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded
hexagonal lattice. At every cycle phase, 124 further steps give a half-turn of the complete labelled state about
the same fixed centre.

Least period p = 248; transient = 0; cycle L = 9-124; cycle N = 13-209; cycle minimum boundary distance = 31.

Exact initial configuration (q,r,state)
(-3,1,2) (-3,3,1) (-3,4,1) (-2,3,1) (-1,0,1) (-1,1,1) (0,-1,1) (0,0,2) (1,-3,2) (1,-1,1) (3,-3,1)
(3,-2,1) (4,-3,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X20)
The rule used in the original search was B24/S16, C = 3; this thirteen-cell recurrent phase was retained. No exact
earlier pattern match was identified in the literature reviewed to 14 October 2026. Its period-248 recurrence has
been independently replayed on the unbounded lattice; this does not establish discovery priority.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.
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X21 Hexagonal p138 wandering spaceship
hex-b23s13-c5-p138-traveller

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B23/S13 | C = 5 | shared-edge
Complete rule and prior use: R36 (p. 117). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 26; L = 12

t = 69
N = 26; L = 12

t = 138
N = 26; L = 12

State: 0 1 2 3 4

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The complete 5-state configuration has least translated period 138, with axial displacement (0, -8). Its recurrent
orbit contains 9-40 live cells and 26-103 nonzero cells. Translation invariance gives indefinite recurrence on the
unbounded hexagonal lattice.

Least period p = 138; transient = 0; axial shift = (0, -8); cycle L = 9-40; cycle N = 26-103.

Exact initial configuration (q,r,state)
(-2,-3,4) (-1,-2,4) (-1,5,4) (0,-3,4) (0,-2,1) (0,-1,1) (0,0,1) (0,1,1) (0,3,2) (1,-3,2) (1,-2,4)
(1,-1,3) (1,0,1) (1,1,4) (1,3,3) (2,-4,1) (2,-3,2) (2,-2,1) (2,-1,4) (2,1,1) (2,2,3) (2,3,2)
(3,-3,1) (3,0,1) (3,1,1) (3,2,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X21)
Generations campaign million, random seed 7529271334792788165, trial 106888, original rule B235/S13, source
transient 53. The displayed rule B23/S13 removes R36:B5 (birth with exactly five edge-sharing live neighbours),
which is inactive throughout the verified travelling orbit. Rule simplification certifies the selected complete-state
orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. This
identifies the package search that produced the configuration. No exact precedent was identified in the literature
reviewed to 14 October 2026.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.
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X22 Hexagonal p23 fast spaceship
hex-b234s13-c4-p23-traveller

Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14
October 2026.

B234/S13 | C = 4 | shared-edge
Complete rule and prior use: R38 (p. 118). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 29; L = 17

t = 11
N = 37; L = 22

t = 23
N = 29; L = 17

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The complete 4-state configuration has least translated period 23, with axial displacement (10, -5). Its recurrent
orbit contains 15-30 live cells and 29-62 nonzero cells. Translation invariance gives indefinite recurrence on the
unbounded hexagonal lattice.

Least period p = 23; transient = 0; axial shift = (10, -5); cycle L = 15-30; cycle N = 29-62.

Exact initial configuration (q,r,state)
(-3,1,1) (-3,4,1) (-2,0,1) (-2,1,1) (-2,2,3) (-2,3,1) (-2,4,1) (-1,0,2) (-1,1,1) (-1,2,1) (-1,3,2)
(0,1,3) (1,-2,3) (1,-1,2) (1,0,2) (1,1,2) (1,2,2) (1,3,3) (2,-3,1) (2,-2,1) (2,-1,3) (2,0,1) (2,1,3)
(2,2,1) (2,3,1) (3,-3,1) (3,-2,1) (3,1,1) (3,2,1)

Interpretation and limits
No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser
board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.

Pattern provenance and credit (X22)
Generations campaign first, random seed 7522551138070962214, trial 50, original rule B2345/S135, source
transient 15. The displayed rule B234/S13 removes R38:B5 (birth with exactly five edge-sharing live neighbours)
and R38:S5 (survival with exactly five edge-sharing live neighbours), which are inactive throughout the verified
travelling orbit. Rule simplification certifies the selected complete-state orbit; it does not assert that the original
preperiodic soup takes the same route under the simplified rule. This identifies the package search that produced
the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.
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X23 Hexagonal B2/S35 p5 traveller
hex-b2s35-p5-traveller

Previously published spaceship: John Cerkan’s B2/S35 RLE (2016) [15]; Carter Bays describes this rule and motion
in 2005 [11], [19], Fig. 3. Independently recovered here.

B2/S35 | C = 2 | shared-edge
Complete rule and prior use: R34 (p. 117). Notation (p. 3).

Radius 64; 12,481 cells; dead border rings = 1.

t = 0
N = 12; L = 12

t = 2
N = 13; L = 13

t = 5
N = 12; L = 12

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A 12-cell phase of the published B2/S35 hexagonal spaceship translates by one axial cell every five generations;
the complete state return is exact.

Exact initial configuration (q,r,state)
(-3,2,1) (-2,1,1) (-2,3,1) (-1,-2,1) (-1,-1,1) (0,0,1) (0,3,1) (1,-3,1) (1,1,1) (2,-1,1) (2,0,1)
(3,-3,1)

Interpretation and limits
The exact translated recurrence establishes indefinite travel on the unbounded uniform hexagonal lattice, before
any finite-board boundary effect. A different phase or orientation is not a separate discovery.

Pattern provenance and credit (X23)
John Cerkan’s 22 January 2016 B2/S35 RLE [15] is 2bo$o3bo$2bo$bo2bo$6bo$2bo2bo$4bo!. Full-orbit
comparison under (q,r)=(x,y-x) proves exact equivalence: phase shift 2, rotation by one 60-degree step, no
reflection, translation (3,0). Carter Bays’s 2005 paper [11], [19], Figure 3, describes the same rule, period and
displacement; its drawing was not independently transcribed. Independent recovery by the package does not
make this a new spaceship.

Executable seed source: John Cerkan’s 2016 RLE, compared through its full orbit: [15].

Earlier scholarly account: Bays (2005), Figure 3; the drawing was not independently transcribed: [11], [19].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X24 Hexagonal B245/S3 p10 traveller
hex-b245s3-p10-traveller

Previously published spaceship: Golly’s B245/S3H QuickLife example [14]. Carter Bays documents the rule and
motion in 2005 [11], [19], Fig. 4; the executable seed is Golly’s.

B245/S3 | C = 2 | shared-edge
Complete rule and prior use: R48 (p. 121). Notation (p. 3).

Radius 64; 12,481 cells; dead border rings = 1.

t = 0
N = 9; L = 9

t = 5
N = 17; L = 17

t = 10
N = 9; L = 9

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
This nine-cell two-state spaceship translates by two axial cells every ten generations. Its exact recurrence and the
use of every B245/S3 rule clause are verified.

Exact initial configuration (q,r,state)
(-2,2,1) (-1,0,1) (0,-2,1) (0,1,1) (0,3,1) (1,-1,1) (2,1,1) (3,-3,1) (3,-1,1)

Interpretation and limits
All B245/S3 clauses are used somewhere in the cycle. The finite browser board eventually truncates travel; the
unbounded-lattice cycle follows from exact translation recurrence.

Pattern provenance and credit (X24)
The exact executable source is Golly’s QuickLife hexagonal example [14], RLE obo$4bo$2bo$bo2bobo$3bo$5bo!.
The catalogue is D6-equivalent under (q,r)=(x,y-x); full-state replay verifies period 10 and a two-cell
displacement. Carter Bays’s 2005 paper [11], [19], Figure 4, describes the rule and motion. Golly’s page does not
name Bays; the executable-source comparison and the earlier scholarly account are separate evidence.

Executable seed source: Golly’s official QuickLife example, compared through its full orbit: [14].

Earlier scholarly account: Bays (2005), Figure 4: [11], [19].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X25 Hexagonal B235/S146 four-state launcher
hex-b235s146-c4-launcher-traveller

Adapted seed: John Cerkan’s published B2/S35 spaceship (X23) [15], with Bays’s earlier account [11]. The twelve
live cells now use B235/S146, C = 4 (R44).

B235/S146 | C = 4 | shared-edge
Complete rule and prior use: R44 (p. 120). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 12; L = 12

t = 21
N = 24; L = 11

t = 31
N = 24; L = 11

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A twelve-cell seed uses three launch-only clauses before settling at generation 21 into an exact period-10
traveller that advances five axial cells per cycle.

Verified through t = 200; N = 12-53; 200-step replay minimum boundary distance = 28.

Exact initial configuration (q,r,state)
(-3,2,1) (-2,1,1) (-2,3,1) (-1,-2,1) (-1,-1,1) (0,0,1) (0,3,1) (1,-3,1) (1,1,1) (2,-1,1) (2,0,1)
(3,-3,1)

Interpretation and limits
This is a one-off launch from the X23 spaceship seed, not a gun. Under R44, births at five live edge-neighbours
and survivals at four or six occur only during ignition. Absence from the final cycle does not make those clauses
dispensable for launch. John Cerkan’s RLE [15] supplies the parent seed; the changed-rule dynamics are package
results.

Pattern provenance and credit (X25)
The twelve live-cell coordinates are identical to X23, the B2/S35 spaceship matched to John Cerkan’s published
RLE [15]. Carter Bays gives an earlier account of the parent rule and motion [11], Figure 3. The update changes
from binary R34 to B235/S146 with four states, R44. The seed settles after 21 generations into a period-10
spaceship translating (-5,0). This is a verified package adaptation; worldwide first discovery of the altered
dynamics is not established.

Exact parent seed: Cerkan’s B2/S35 spaceship, reproduced in catalogue entry X23; the changed rule is R44: [15].

Earlier scholarly account of the parent B2/S35 rule and motion: Bays (2005), Figure 3: [11].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X26 Hexagonal B235/S134 five-state launcher
hex-b235s134-c5-launcher-traveller

Adapted seed: John Cerkan’s published B2/S35 spaceship (X23) [15], with Bays’s earlier account [11]. The twelve
live cells now use B235/S134, C = 5 (R43).

B235/S134 | C = 5 | shared-edge
Complete rule and prior use: R43 (p. 120). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 12; L = 12

t = 58
N = 8; L = 5

t = 62
N = 8; L = 5

State: 0 1 2 3 4

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The twelve-cell X23 spaceship seed, now under five-state rule R43, uses seven essential R43:B5 (birth with
exactly five edge-sharing live neighbours) births, then condenses into an eight-to-ten-cell period-4 traveller at
generation 58.

Verified through t = 200; N = 8-94; 200-step replay minimum boundary distance = 50.

Exact initial configuration (q,r,state)
(-3,2,1) (-2,1,1) (-2,3,1) (-1,-2,1) (-1,-1,1) (0,0,1) (0,3,1) (1,-3,1) (1,1,1) (2,-1,1) (2,0,1)
(3,-3,1)

Interpretation and limits
Seven births with exactly five live edge-neighbours occur during ignition, last entering generation 32; removing
R43:B5 before launch changes the example. This is a one-off launch from John Cerkan’s published X23 seed [15],
with a changed rule. Worldwide first discovery of the altered dynamics is not established.

Pattern provenance and credit (X26)
The twelve live-cell coordinates are identical to X23, the B2/S35 spaceship matched to John Cerkan’s published
RLE [15]. Carter Bays gives an earlier account of the parent rule and motion [11], Figure 3. The update changes
from binary R34 to B235/S134 with five states, R43. The seed settles after 58 generations into a period-4
spaceship translating (2,0). The package establishes this adaptation and verifies its launch and complete-state
recurrence.

Exact parent seed: Cerkan’s B2/S35 spaceship, reproduced in catalogue entry X23; the changed rule is R43: [15].

Earlier scholarly account of the parent B2/S35 rule and motion: Bays (2005), Figure 3: [11].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X27 Hexagonal p25 diagonal spaceship
hex-b245s35-p25-traveller

Previously published by muzik (2019): B245/S35H period-25 spaceship in Outer-totalistic hexagonal rules with
spaceships [9]. Independently recovered here.

B245/S35 | C = 2 | shared-edge
Complete rule and prior use: R49 (p. 122). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 9; L = 9

t = 12
N = 15; L = 15

t = 25
N = 9; L = 9

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
An exact B245/S35 spaceship: its complete state shifts by axial (1,1) every 25 generations, with 9-24 live cells
during the cycle.

Exact initial configuration (q,r,state)
(-2,2,1) (0,1,1) (0,3,1) (1,0,1) (1,3,1) (2,-2,1) (2,2,1) (3,0,1) (3,1,1)

Interpretation and limits
Rediscovery, reorientation and changing the displayed phase do not establish originality. The exact
complete-state recurrence guarantees the unbounded-lattice spaceship; the finite display eventually meets its
boundary.

Pattern provenance and credit (X27)
Published by muzik (2019), independently rediscovered by this package’s search [9]. Outer-totalistic hexagonal
rules with spaceships [9] credits muzik (2019) for B245/S35H RLE b3o$bobo$4o$bo!. Independent full-orbit
comparison with the catalogue succeeds after phase shift 5, rotation by four 60-degree steps, no reflection and
translation (1,1), using (q,r)=(x,y-x). Thus the package’s binary campaign seed 20261011, trial 483, mode 3,
transient 57 recovered an already published spaceship. The displayed phase and orientation are not a distinct
discovery.

Published pattern source and attribution: Published by muzik (2019), independently rediscovered by this package’s search.: [9].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X28 Hexagonal p48 half-turn rotor
hex-b2s34-p48-rotor

Previously published by drc (18 January 2016): one component of the B2/S34 period-48 oscillator pair [20].
Independently recovered here.

B2/S34 | C = 2 | shared-edge
Complete rule and prior use: R32 (p. 116). Notation (p. 3).

Radius 32; 3,169 cells; dead border rings = 1.

t = 0
N = 6; L = 6

t = 12
N = 14; L = 14

t = 24
N = 6; L = 6

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
Six live cells expand and rearrange into a half-turn after 24 generations, returning exactly after 48. The cycle has
6-16 live cells.

Least period p = 48; transient = 0; cycle L = 6-16; cycle territory = 78 tiles; cycle minimum boundary distance = 25.

Exact initial configuration (q,r,state)
(-2,1,1) (-2,2,1) (0,0,1) (0,1,1) (1,0,1) (3,-1,1)

Interpretation and limits
This is one independently evolving component of the pair published by drc. Extracting a component does not
make it a new oscillator. The original discoverer, as distinct from this retrieved publication, is not asserted.

Pattern provenance and credit (X28)
Published by drc (2016), independently rediscovered by this package’s search [20]. The 18 January 2016 RLE
o16bo$obo12b2o$2b2o10bobo$5bo9bo! contains two independently oscillating six-cell components. Catalogue
coordinates translated by axial (2,-1) reproduce its first component exactly at generation zero. Extracting that
independent component does not create a new oscillator. The package independently recovered it in binary
campaign seed 20261011, trial 194, mode 4. Dean Hickerson also mentions earlier work on the rule, but the audit
does not assign him priority for this particular oscillator.

Published pattern source and attribution: Published by drc (2016), independently rediscovered by this package’s search.: [20].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X29 Hexagonal three-way spaceship gun
hex-b246s246-c4-p30-gun

Previously published by confocaloid (14 October 2024): B246/S246, C = 4, twelve-cell three-way gun in
Hexagonal Generations [8]. The package adds an emission certificate.

B246/S246 | C = 4 | shared-edge
Complete rule and prior use: R51 (p. 122). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 12; L = 12

t = 60
N = 54; L = 36

t = 120
N = 96; L = 60

State: 0 1 2 3

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A 12-live-cell seed rebuilds its core every 30 generations while emitting three period-3 spaceships in different
directions. Published by confocaloid; ships eventually reach this finite board's edge.

Catalogue replay through t = 120.

Exact initial configuration (q,r,state)
(-1,1,1) (-1,2,1) (0,0,1) (0,1,1) (0,2,1) (1,-1,1) (1,0,1) (1,1,1) (1,2,1) (2,-1,1) (2,0,1) (2,1,1)

Interpretation and limits
The certificate establishes indefinitely repeated three-way emission on the unbounded hexagonal lattice, not
perpetual operation on the finite browser board. Confocaloid published the gun and seed in Hexagonal
Generations [8]; the package contributes verification, not authorship.

Pattern provenance and credit (X29)
Published by confocaloid (2024) [8]. The package independently verifies indefinite three-way emission.
Confocaloid published the twelve-live-cell seed 3A$4A$.3A$2.2A! on 14 October 2024 in Hexagonal Generations
Rules. Direct comparison confirms that the catalogue retains exactly the published initial states, after coordinate
conversion and translation. The package adds a complete-state emission certificate for the period-30 core and
three permanently separating output streams; that verification is not authorship of the gun.

Published pattern source and attribution: Published by confocaloid (2024). The package independently verifies indefinite
three-way emission.: [8].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X30 Hexagonal oscillator-trail puffer
hex-b25s34-p20-puffer

Previously published by Naszvadi (1 February 2024): B25/S34H period-20 puffer [16]. Dmitry Maitak reports an
earlier 2023 occurrence [21], [22]; the first discoverer is unconfirmed.

B25/S34 | C = 2 | shared-edge
Complete rule and prior use: R52 (p. 123). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 23; L = 23

t = 80
N = 39; L = 39

t = 160
N = 55; L = 55

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The engine advances ten axial cells every 20 generations and leaves a period-2 oscillator behind. Published by
Naszvadi, with an earlier pattern noted by Dmitry Maitak. The finite board eventually ends the trail.

Catalogue replay through t = 160.

Exact initial configuration (q,r,state)
(-3,2,1) (-3,3,1) (-3,5,1) (-2,0,1) (-2,4,1) (-2,6,1) (-1,0,1) (-1,6,1) (0,-2,1) (0,-1,1) (0,1,1)
(0,3,1) (0,5,1) (0,6,1) (1,3,1) (1,4,1) (1,5,1) (2,-5,1) (2,-3,1) (2,5,1) (3,-3,1) (3,1,1) (3,3,1)

Interpretation and limits
The result is an unbounded-lattice puffer certificate. The finite browser eventually ends the trail. Naszvadi’s
retrieved 2024 seed is exactly matched; Maitak reports an earlier 2023 occurrence, but the first discoverer is
unconfirmed, and no exact seed comparison with that earlier report is available [21], [22].

Pattern provenance and credit (X30)
Published by Naszvadi (2024); Dmitry Maitak points to an earlier 2023 occurrence [16], [21], [22]. The package
independently verifies its persistent oscillator trail. Naszvadi’s 1 February 2024 post supplies the exact
twenty-three-cell RLE used here and describes it as probably known. Dmitry Maitak’s later response links to a
2023 occurrence. This audit confirms the 2024 source and the report of earlier publication, but does not establish
the original discoverer or independently compare the linked 2023 seed. Initial-state comparison confirms
translation-only equivalence to the 2024 RLE. The package adds a certificate of period-20 translated core
recurrence and independently separating period-2 deposits.

Executable seed source: Naszvadi’s 1 February 2024 puffer post: [16].

Report and link for an earlier 2023 occurrence; not independently compared in this audit: [21], [22].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X31 Hexagonal p999 threefold rotor
hex-b2s1-c3-p999-rotor

Previously published by c0b0p0 (27 February 2014): B2/S1, C = 3, period-999 rotor in Hexagonal Generations [8].
The catalogue replays the published complete seed.

B2/S1 | C = 3 | shared-edge
Complete rule and prior use: R31 (p. 116). Notation (p. 3).

Radius 64; 12,481 cells; dead border rings = 1.

t = 0
N = 70; L = 38

t = 249
N = 100; L = 62

t = 499
N = 59; L = 35

State: 0 1 2

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
A three-state rotating wave first returns after 999 generations, making a 120-degree turn every 333. Published by
c0b0p0; all refractory states are part of the rotation.

Least period p = 999; transient = 0; cycle L = 11-80; cycle territory = 1335 tiles; cycle minimum boundary distance = 33.

Exact initial configuration (q,r,state)
70 assigned cells; the complete list is in catalogue-data.json, entry hex-b2s1-c3-p999-rotor, field coordinateStates. All unlisted
cells start at 0. Canonical compact-JSON seed SHA-256:

09b1b536a2c5e880b63cade2ac568ca0 23a8625dd6107056bf4c3ca4d9350bac

Interpretation and limits
The full cycle contains 21-129 nonzero cells but only 11-80 live cells. Counting only live cells would discard the
refractory information needed for a correct recurrence. The exact published seed is replayed without a novelty
claim.

Pattern provenance and credit (X31)
Published by c0b0p0 (2014); independently replayed and verified for this package [8]. The Hexagonal
Generations Rules post by c0b0p0 dated 27 February 2014 supplies this exact B2/S1 three-state period-999 rotor
RLE. The catalogue retains every live and refractory initial state under (q,r)=(x,y-x), followed only by a centring
translation. The full-state dynamics are therefore a replay of the published object, not a new package discovery.

Published pattern source and attribution: Published by c0b0p0 (2014); independently replayed and verified for this package.: [8].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X32 Hexagonal p13 diagonal spaceship
hex-b23s4-p13-traveller

Previously published by John Cerkan (15 March 2020): B23/S4H period-13 spaceship in Outer-totalistic hexagonal
rules with spaceships [9]. The catalogue replays the published seed.

B23/S4 | C = 2 | shared-edge
Complete rule and prior use: R37 (p. 118). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 9; L = 9

t = 6
N = 10; L = 10

t = 13
N = 9; L = 9

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
John Cerkan's B23/S4 spaceship returns exactly with axial shift (1,1) every 13 generations, using at most 15 live
cells.

Exact initial configuration (q,r,state)
(-2,2,1) (-1,2,1) (0,2,1) (0,3,1) (1,1,1) (2,-2,1) (2,-1,1) (2,0,1) (3,0,1)

Interpretation and limits
The verified translation recurrence establishes a spaceship on the unbounded lattice. The package does not claim
discovery of the seed or its dynamics.

Pattern provenance and credit (X32)
Published by John Cerkan (2020); independently replayed and verified for this package [9]. John Cerkan’s 15
March 2020 post in Outer-totalistic hexagonal rules with spaceships gives RLE o3bo$bo2bo$2b3o$2bo2bo! for
B23/S4H. The catalogue is exactly this nine-cell published seed after (q,r)=(x,y-x) and a centring translation. The
exact period and displacement were independently replayed. The published seed is in Cerkan’s 15 March 2020
contribution to the thread in reference [9].

Published pattern source and attribution: Published by John Cerkan (2020); independently replayed and verified for this package.:
[9].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X33 Hexagonal p158 wandering spaceship
hex-b2s1-c3-p158-traveller

Previously published by c0b0p0 (27 February 2014): B2/S1, C = 3, period-158 spaceship in Hexagonal
Generations [8]. The catalogue replays the published complete seed.

B2/S1 | C = 3 | shared-edge
Complete rule and prior use: R31 (p. 116). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 24; L = 18

t = 79
N = 24; L = 18

t = 158
N = 24; L = 18

State: 0 1 2

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Published by c0b0p0: this three-state spaceship changes shape dramatically and doubles back locally, then
repeats its complete state shifted by axial (-11,22) after 158 generations.

Exact initial configuration (q,r,state)
(-2,3,1) (-2,4,1) (-1,1,1) (-1,2,2) (-1,4,1) (-1,5,1) (0,-4,1) (0,-3,1) (0,1,1) (0,4,1) (1,-4,2)
(2,-4,2) (2,-3,1) (2,-2,1) (2,-1,2) (2,0,2) (2,1,2) (2,2,1) (3,-5,1) (3,-4,1) (3,-2,1) (3,-1,1)
(3,0,1) (3,1,1)

Interpretation and limits
The live population sequence happens to repeat after 79 steps, but population is not a state: the least
complete-state translational period is 158. The published c0b0p0 seed includes refractory states and is not a
package discovery.

Pattern provenance and credit (X33)
Published by c0b0p0 (2014); independently replayed and verified for this package [8]. The Hexagonal
Generations Rules post by c0b0p0 dated 27 February 2014 supplies this exact B2/S1 three-state period-158
spaceship RLE. The catalogue retains every live and refractory initial state under (q,r)=(x,y-x), followed only by a
centring translation. The full-state dynamics are therefore a replay of the published object, not a new package
discovery.

Published pattern source and attribution: Published by c0b0p0 (2014); independently replayed and verified for this package.: [8].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X34 Hexagonal self-repairing wall
hex-b2s34-wall-repair

Previously published by Dean Hickerson (20 January 2016): B2/S34H damaged self-repairing wall [15], [23]. The
package verifies reunion with the pristine wall at generation 44.

B2/S34 | C = 2 | shared-edge
Complete rule and prior use: R32 (p. 116). Notation (p. 3).

Radius 64; 12,481 cells; dead border rings = 1.

t = 0
N = 64; L = 64

t = 22
N = 107; L = 107

t = 44
N = 73; L = 73

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Dean Hickerson's oscillating wall repairs one missing cell. Its damaged evolution rejoins the pristine period-5 wall
exactly at generation 44, after the exterior debris has disappeared.

Least period p = 5; transient = 44; cycle L = 63-73; cycle territory = 87 tiles; cycle minimum boundary distance = 42.

Exact initial configuration (q,r,state)
64 assigned cells; the complete list is in catalogue-data.json, entry hex-b2s34-wall-repair, field coordinateStates. All unlisted cells
start at 0. Canonical compact-JSON seed SHA-256:

2f0ec3ecf327d78250fd34b14da8c29d 0ec3d7a60b61c1e61ed316737623c5ce

Interpretation and limits
The evidence concerns this specific one-cell defect. It does not establish recovery from arbitrary damage. Dean
Hickerson’s 20 January 2016 post [15] supplies this damaged seed and describes its repair.

Pattern provenance and credit (X34)
Self-repairing wall published by Dean Hickerson (2016) [15], [23]. The package independently verifies recovery of
the complete state. The 20 January 2016 post supplies the exact damaged-wall RLE used here. Direct coordinate
comparison confirms the catalogue changes only embedding and centring. Independent replay of damaged and
pristine walls shows full-state reunion at generation 44, including exterior debris. Hickerson describes earlier
investigations of the rule, but this audit dates the retrieved public example to 2016 rather than assigning an
unverified earlier discovery date.

Published pattern source and attribution: Self-repairing wall published by Dean Hickerson (2016). The package independently
verifies recovery of the complete state.: [15], [23].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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X35 Hexagonal p2044 billiard table
hex-b2s34-p2044-billiard

Previously published by Dean Hickerson (20 January 2016): B2/S34H period-2044 billiard table [15], [23]. The
package independently verifies its complete-state period.

B2/S34 | C = 2 | shared-edge
Complete rule and prior use: R32 (p. 116). Notation (p. 3).

Radius 64; 12,481 cells; dead border rings = 1.

t = 0
N = 146; L = 146

t = 511
N = 156; L = 156

t = 1022
N = 146; L = 146

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
Dean Hickerson's narrow B2/S34 enclosure contains a bouncing, branching signal with exact period 2,044. The
construction illustrates an XOR-like one-dimensional evolution inside a hexagonal board.

Least period p = 2044; transient = 0; cycle L = 146-198; cycle territory = 243 tiles; cycle minimum boundary distance = 41.

Exact initial configuration (q,r,state)
146 assigned cells; the complete list is in catalogue-data.json, entry hex-b2s34-p2044-billiard, field coordinateStates. All unlisted
cells start at 0. Canonical compact-JSON seed SHA-256:

931617d4620e5ae6d03d9b77eb275b0f 966f006d0f951d0618b06221c3aae39d

Interpretation and limits
This is a published bounded oscillator, not a newly discovered XOR mechanism. Exact recurrence includes the
walls as well as the moving internal signal.

Pattern provenance and credit (X35)
Period-2044 billiard table published by Dean Hickerson (2016); independently verified for this package [15], [23].
The 20 January 2016 post supplies the exact B2/S34H period-2044 billiard-table RLE used here and describes the
one-dimensional XOR behaviour inside its walls. Direct coordinate comparison confirms the catalogue changes
only embedding and centring. The package’s long complete-state replay verifies the published oscillator; it does
not establish a new oscillator or a new XOR mechanism.

Published pattern source and attribution: Period-2044 billiard table published by Dean Hickerson (2016); independently verified
for this package.: [15], [23].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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C01 Hexagonal seven-copy replicator
hex-parity-seven-copy

Package-constructed illustration of the established additive/XOR mechanism, using rule R29. The three-cell
arrangement and verification are package contributions; the replication principle is not new.

B135/S0246 | C = 2 | shared-edge
Complete rule and prior use: R29 (p. 115). Notation (p. 3).

Radius 128; 49,537 cells; dead border rings = 1.

t = 0
N = 3; L = 3

t = 4
N = 21; L = 21

t = 8
N = 21; L = 21

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
Under binary B135/S0246 the next state is the XOR of the centre and its six neighbours. At times 2^k the
evolution equals the XOR of seven translations of the seed. For this seed these seven copies are disjoint at times
8, 16 and 32, with 21 live cells.

Exact initial configuration (q,r,state)
(-1,0,1) (0,0,1) (-1,2,1)

Interpretation and limits
At other times, populations may exceed 21 and translated copies can overlap modulo 2.

Pattern provenance and credit (C01)
The three-live-cell initial pattern was assembled for the package, not mined from a soup or imported as an
attributed published pattern. B135/S0246 computes the XOR of the centre and six neighbours. Over GF(2),
powers of two of this linear update yield translated copies, giving the seven-copy demonstration once their
supports are disjoint. The package claims this illustrative arrangement and its exact verification only; neither XOR
replication nor the underlying algebra is a new principle. No external source is asserted for this particular seed.

Evidence in release: research/fixtures/hexagonal-sources.json. Complete source and evidence lists are in catalogue-data.json.
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S01 Block still life
square-block

Published classical pattern: the four-cell block in Martin Gardner’s original Conway Life article (1970) [13]; also
Silver’s Life Lexicon [24]. Individual discoverer unconfirmed.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R55 (p. 124). Notation (p. 3).

Side length 51; 2,601 cells; dead border rings = 1.

t = 0
N = 4; L = 4

t = 1
N = 4; L = 4

t = 2
N = 4; L = 4

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The four-cell block is unchanged after every update: an exact period-1 still life in Conway Life.

Least period p = 1; transient = 0; cycle L = 4-4; cycle territory = 4 tiles; cycle minimum boundary distance = 24.

Exact initial configuration (x,y,state)
(-1,-1,1) (0,-1,1) (-1,0,1) (0,0,1)

Interpretation and limits
This is a standard still life. Its fixed-state identity is exact and is independent of the distant finite boundary.

Pattern provenance and credit (S01)
The standard four-cell block appears in Martin Gardner’s original Conway Life article (1970) [13] and Stephen
Silver’s Life Lexicon [24]. The package changes only its placement. These sources are cited for the published
pattern, without assigning an individual discoverer.

Published pattern sources; neither is used to assign an individual discoverer: [13], [24].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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S02 Blinker - period 2
square-blinker

John H. Conway’s blinker, attributed in Stephen Silver’s Life Lexicon [24] and published in Martin Gardner’s
original Conway Life article (1970) [13].

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R55 (p. 124). Notation (p. 3).

Side length 51; 2,601 cells; dead border rings = 1.

t = 0
N = 3; L = 3

t = 1
N = 3; L = 3

t = 2
N = 3; L = 3

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
The smallest Conway oscillator alternates between horizontal and vertical lines.

Least period p = 2; transient = 0; cycle L = 3-3; cycle territory = 5 tiles; cycle minimum boundary distance = 24.

Exact initial configuration (x,y,state)
(-1,0,1) (0,0,1) (1,0,1)

Interpretation and limits
Exact first return at generation 2 establishes the least temporal period. It is a standard published oscillator.

Pattern provenance and credit (S02)
Stephen Silver’s Life Lexicon [24] credits the blinker to John H. Conway. The period-2 three-cell oscillator also
appears in Martin Gardner’s original Conway Life article [13]. The package uses its standard horizontal phase,
translated for display.

Published pattern source and attribution: John H. Conway: [13], [24].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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S03 Pulsar - period 3
square-pulsar

John H. Conway’s pulsar, attributed in Stephen Silver’s Life Lexicon [25] and published in Martin Gardner’s
original Conway Life article (1970) [13].

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R55 (p. 124). Notation (p. 3).

Side length 51; 2,601 cells; dead border rings = 1.

t = 0
N = 48; L = 48

t = 1
N = 56; L = 56

t = 2
N = 72; L = 72

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
A symmetric 48-cell Conway oscillator with exact first-return period 3.

Least period p = 3; transient = 0; cycle L = 48-72; cycle territory = 88 tiles; cycle minimum boundary distance = 18.

Exact initial configuration (x,y,state)
(-4,-6,1) (-3,-6,1) (-2,-6,1) (2,-6,1) (3,-6,1) (4,-6,1) (-6,-4,1) (-1,-4,1) (1,-4,1) (6,-4,1)
(-6,-3,1) (-1,-3,1) (1,-3,1) (6,-3,1) (-6,-2,1) (-1,-2,1) (1,-2,1) (6,-2,1) (-4,-1,1) (-3,-1,1)
(-2,-1,1) (2,-1,1) (3,-1,1) (4,-1,1) (-4,1,1) (-3,1,1) (-2,1,1) (2,1,1) (3,1,1) (4,1,1) (-6,2,1)
(-1,2,1) (1,2,1) (6,2,1) (-6,3,1) (-1,3,1) (1,3,1) (6,3,1) (-6,4,1) (-1,4,1) (1,4,1) (6,4,1)
(-4,6,1) (-3,6,1) (-2,6,1) (2,6,1) (3,6,1) (4,6,1)

Interpretation and limits
The quoted period is for the complete state, not merely its population or appearance. This is the classical
published pulsar.

Pattern provenance and credit (S03)
Stephen Silver’s Life Lexicon [25] credits the pulsar to John H. Conway. Martin Gardner’s original Conway Life
article [13] describes its 48-cell phase. The package uses that published phase; placement and playback settings
are package choices.

Published pattern source and attribution: John H. Conway: [13], [25].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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S04 Pentadecathlon - period 15
square-pentadecathlon

John H. Conway’s pentadecathlon, attributed in Stephen Silver’s Life Lexicon [25]. The catalogue uses its
established twelve-cell phase.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R55 (p. 124). Notation (p. 3).

Side length 51; 2,601 cells; dead border rings = 1.

t = 0
N = 12; L = 12

t = 3
N = 40; L = 40

t = 7
N = 28; L = 28

State: 0 1

Complete nonzero states; same fixed view/scale. N = nonzero; L = state 1.

Verified behaviour
A compact Conway oscillator whose complete state first returns after 15 generations.

Least period p = 15; transient = 0; cycle L = 12-40; cycle territory = 80 tiles; cycle minimum boundary distance = 17.

Exact initial configuration (x,y,state)
(-3,-1,1) (2,-1,1) (-5,0,1) (-4,0,1) (-2,0,1) (-1,0,1) (0,0,1) (1,0,1) (3,0,1) (4,0,1) (-3,1,1)
(2,1,1)

Interpretation and limits
The complete state first returns after 15 updates. The package supplies a phase of the classical oscillator, not a
newly discovered seed.

Pattern provenance and credit (S04)
Stephen Silver’s Life Lexicon, entry “pentadecathlon” [25], credits John H. Conway’s 1970 investigation of short
rows. This is the published twelve-cell oscillator phase; the ten-cell row is a predecessor, not the displayed phase.

Pattern attribution and standard phase: Stephen Silver’s Life Lexicon, pentadecathlon: [25].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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S05 Glider - diagonal spaceship
square-glider

Richard K. Guy’s glider, attributed in Stephen Silver’s Life Lexicon, entry “glider” [26]. The catalogue uses a
rotated and translated standard phase.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R55 (p. 124). Notation (p. 3).

Side length 51; 2,601 cells; dead border rings = 1.

t = 0
N = 5; L = 5

t = 2
N = 5; L = 5

t = 4
N = 5; L = 5

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The traditional Conway glider translates by one square in each axis every four generations.

Exact initial configuration (x,y,state)
(0,-1,1) (1,0,1) (-1,1,1) (0,1,1) (1,1,1)

Interpretation and limits
Translation symmetry of the unbounded square lattice makes the verified translated recurrence repeat
indefinitely there. On the finite browser board the glider eventually reaches the boundary.

Pattern provenance and credit (S05)
Stephen Silver’s Life Lexicon, entry “glider” [26], explicitly credits Richard K. Guy. The package seed is a rotated
and translated standard glider phase. No discovery year is asserted here.

Published pattern source and attribution: Richard K. Guy: [26].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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S06 Lightweight spaceship
square-lwss

John H. Conway’s lightweight spaceship, attributed in Stephen Silver’s Life Lexicon, entry “LWSS” [27]. The
catalogue uses its published nine-cell phase.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R55 (p. 124). Notation (p. 3).

Side length 51; 2,601 cells; dead border rings = 1.

t = 0
N = 9; L = 9

t = 2
N = 9; L = 9

t = 4
N = 9; L = 9

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The nine-cell LWSS translates two squares horizontally every four Conway generations.

Exact initial configuration (x,y,state)
(-1,-2,1) (2,-2,1) (-2,-1,1) (-2,0,1) (2,0,1) (-2,1,1) (-1,1,1) (0,1,1) (1,1,1)

Interpretation and limits
The infinite-lattice conclusion follows from the exact translated recurrence. The finite browser board is not infinite
and eventually obstructs the flight.

Pattern provenance and credit (S06)
Stephen Silver’s Life Lexicon, entry “LWSS” [27], credits John H. Conway’s 1970 discovery of the lightweight
spaceship. The package uses the published nine-cell phase, translated for display, under ordinary B3/S23.

Published pattern source and attribution: John H. Conway: [27].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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S07 HighLife replicator
square-highlife-replicator

Nathan Thompson’s HighLife replicator (1994), attributed by David Eppstein in Replicators: HighLife [17];
published seed [28].

B36/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R56 (p. 124). Notation (p. 3).

Side length 101; 10,201 cells; dead border rings = 1.

t = 0
N = 12; L = 12

t = 6
N = 34; L = 34

t = 12
N = 24; L = 24

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
At generation 12, the complete state is exactly the disjoint union of two copies of the 12-cell initial seed,
translated by (-2,-2) and (2,2) in square coordinates. This is the established B36/S23 HighLife replicator.

Exact initial configuration (x,y,state)
(0,-2,1) (1,-2,1) (2,-2,1) (-1,-1,1) (2,-1,1) (-2,0,1) (2,0,1) (-2,1,1) (1,1,1) (-2,2,1) (-1,2,1)
(0,2,1)

Interpretation and limits
The direct check establishes the stated replication event. It does not by itself prove independent binary doubling
forever: copies later interact, and the finite board limits growth.

Pattern provenance and credit (S07)
David Eppstein’s Replicators: HighLife [17] credits this replicator to Nathan Thompson in 1994. David Bell
subsequently documented and investigated HighLife; he is not credited as this seed’s discoverer. The package
uses the published twelve-cell seed [28] and independently checks its two-copy return after twelve generations.

Explicit attribution to Nathan Thompson (1994): [17].

Published twelve-cell seed: [28].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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S08 Diehard - extinction at 130
square-diehard

Published classical pattern: diehard in Stephen Silver’s Life Lexicon [29]. The exact seven-cell seed is reproduced;
its individual discoverer is unconfirmed.

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R55 (p. 124). Notation (p. 3).

Side length 101; 10,201 cells; dead border rings = 1.

t = 0
N = 7; L = 7

t = 65
N = 23; L = 23

t = 129
N = 2; L = 2

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
A famous seven-cell Conway methuselah that vanishes exactly at generation 130.

Full extinction at t = 130.

Exact initial configuration (x,y,state)
(2,-1,1) (-4,0,1) (-3,0,1) (-3,1,1) (1,1,1) (2,1,1) (3,1,1)

Interpretation and limits
This is an extinction transient, not an oscillator. The retained seed matches the classical published diehard; no
individual discoverer is assigned without a source.

Pattern provenance and credit (S08)
The seven-cell seed matches diehard in Stephen Silver’s Life Lexicon [29] exactly after translation. Its extinction
at generation 130 is independently checked. The consulted source does not establish an individual discoverer; no
personal attribution or new-discovery claim is made.

Published exact diehard seed; individual discoverer not established: [29].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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S09 R-pentomino methuselah
square-r-pentomino

Published classical pattern: the R-pentomino studied by John H. Conway in Martin Gardner’s original article (1970)
[13]; also Silver’s Life Lexicon [30].

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R55 (p. 124). Notation (p. 3).

Side length 301; 90,601 cells; dead border rings = 1.

t = 0
N = 5; L = 5

t = 110
N = 145; L = 145

t = 1103
N = 111; L = 111

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The standard five-cell seed remains active through generation 1,103 on the supplied finite board. Independent
square-lattice replay first differs from that board at generation 641; at generation 1,103 the infinite-lattice and
finite-board populations are 116 and 111 respectively.

Catalogue replay through t = 1103.

Exact initial configuration (x,y,state)
(0,-1,1) (1,-1,1) (-1,0,1) (0,0,1) (0,1,1)

Interpretation and limits
The browser uses a finite 301 by 301 board with a permanently dead outer ring. The endpoint and population of
that run must not be presented as the infinite-plane final census; escaping objects can encounter its boundary.

Pattern provenance and credit (S09)
Martin Gardner’s original Conway Life article [13] documents John H. Conway’s study of the R-pentomino;
Stephen Silver’s Life Lexicon [30] records the same five-cell shape. Its finite-board check establishes activity
through generation 1,103, not equality with the infinite-plane final census.

Published pattern source and attribution: John H. Conway’s classical R-pentomino: [13], [30].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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S10 Acorn methuselah
square-acorn

Charles L. Corderman’s Acorn, credited in Robert Wainwright’s Lifeline No. 3 (1971), p. 12 [31]; also Silver’s Life
Lexicon [32].

B3/S23 | C = 2 | edge-or-point contact (touch)
Complete rule and prior use: R55 (p. 124). Notation (p. 3).

Side length 301; 90,601 cells; dead border rings = 1.

t = 0
N = 7; L = 7

t = 500
N = 276; L = 276

t = 5206
N = 620; L = 620

State: 0 1

Complete nonzero states; independently centred/scaled panels. N = nonzero; L = state 1.

Verified behaviour
The published seven-cell seed remains active through generation 5,206 on the supplied finite board. Independent
square-lattice replay first differs from that board at generation 812; at generation 5,206 the infinite-lattice and
finite-board populations are 633 and 620 respectively.

Catalogue replay through t = 5206.

Exact initial configuration (x,y,state)
(-2,-1,1) (0,0,1) (-3,1,1) (-2,1,1) (1,1,1) (2,1,1) (3,1,1)

Interpretation and limits
The browser uses a finite 301 by 301 board with a permanently dead outer ring. Activity at generation 5,206 is a
finite-board observation, not a certification of the infinite-plane ash or its stabilisation time.

Pattern provenance and credit (S10)
Robert Wainwright’s Lifeline No. 3 (1971), page 12 [31], credits Acorn to Charles L. Corderman; Wainwright
supplied the name. Stephen Silver’s Life Lexicon [32] records the same seven-cell seed. The package translates it
for display and checks finite-board activity through 5,206 generations, not the infinite-plane final ash.

Primary attribution to Charles L. Corderman: Lifeline No. 3 (1971), page 12: [31].

Published Acorn description and seed: [32].

Evidence in release: docs/catalogue/evidence/credited-independent-verification.json. Complete source and evidence lists are in
catalogue-data.json.
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9. Rule-set index
Each linked R label specifies a complete automaton: graph, update and C. Status belongs to that full specification.
U rule-selector templates are listed on pages 8-9.

Rule / page Complete specification Pattern codes

R01 (p. 106) Hat; edge; B2/S; C=2 H12

R02 (p. 106) Hat; edge; B2/S1; C=3 H04

R03 (p. 106) Hat; edge; B2/S13; C=4 H06

R04 (p. 107) Hat; edge; B2/S23; C=6 H05

R05 (p. 107) Hat; edge; B23/S; C=2 H13, H14, H15

R06 (p. 107) Hat; edge; B3/S23; C=2 H11

R07 (p. 108) Hat; touch; B1/S; C=2 C04

R08 (p. 108) Hat; touch; B2/S1; C=10 H07

R09 (p. 108) Hat; touch; B3/S23; C=2 H08, H09, H10

R10 (p. 109) Hat; touch; HAT-A; C=4 H02, H18

R11 (p. 109) Hat; touch; HAT-B; C=4 H03, H17

R12 (p. 109) Hat; touch; HAT-C; C=4 H19, H21

R13 (p. 110) Hat; touch; HAT-RELAY; C=3 H16

R14 (p. 110) Hat; touch; HAT-SIMPLE; C=3 H20

R15 (p. 110) Hat; touch; HAT-WAKE; C=4 H01

R16 (p. 111) Penrose; edge; B12/S; C=2 C02

R17 (p. 111) Penrose; edge; B23/S23; C=2 P04

R18 (p. 111) Penrose; edge; B3/S23; C=2 P10

R19 (p. 112) Penrose; touch; B2/S; C=3 C03

R20 (p. 112) Penrose; touch; B2/S; C=4 P11

R21 (p. 112) Penrose; touch; B2/S; C=5 P02, P12

R22 (p. 113) Penrose; touch; B2/S; C=6 P01, P03, P13

R23 (p. 113) Penrose; touch; B2/S4; C=5 P15

R24 (p. 113) Penrose; touch; B24/S; C=4 P14

R25 (p. 114) Penrose; touch; B26/S; C=4 P16

R26 (p. 114) Penrose; touch; B27/S4; C=4 P17

R27 (p. 114) Penrose; touch; B3/S23; C=2 P06, P07, P08, P09, P18, P19

R28 (p. 115) Penrose; touch; B3/S23; C=3 P05
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9. Rule-set index (continued)
Each linked R label specifies a complete automaton: graph, update and C. Status belongs to that full specification.
U rule-selector templates are listed on pages 8-9.

Rule / page Complete specification Pattern codes

R29 (p. 115) Hex; edge; B135/S0246; C=2 C01

R30 (p. 115) Hex; edge; B2/S0; C=3 X04

R31 (p. 116) Hex; edge; B2/S1; C=3 X31, X33

R32 (p. 116) Hex; edge; B2/S34; C=2 X28, X34, X35

R33 (p. 116) Hex; edge; B2/S3456; C=7 X19

R34 (p. 117) Hex; edge; B2/S35; C=2 X23

R35 (p. 117) Hex; edge; B23/S13; C=4 X07

R36 (p. 117) Hex; edge; B23/S13; C=5 X21

R37 (p. 118) Hex; edge; B23/S4; C=2 X32

R38 (p. 118) Hex; edge; B234/S13; C=4 X22

R39 (p. 118) Hex; edge; B234/S1346; C=3 X05

R40 (p. 119) Hex; edge; B234/S245; C=5 X08

R41 (p. 119) Hex; edge; B234/S3; C=2 X18

R42 (p. 119) Hex; edge; B2345/S24; C=4 X03

R43 (p. 120) Hex; edge; B235/S134; C=5 X26

R44 (p. 120) Hex; edge; B235/S146; C=4 X25

R45 (p. 120) Hex; edge; B24/S16; C=3 X20

R46 (p. 121) Hex; edge; B24/S3; C=2 X17

R47 (p. 121) Hex; edge; B245/S02; C=5 X01, X02

R48 (p. 121) Hex; edge; B245/S3; C=2 X16, X24

R49 (p. 122) Hex; edge; B245/S35; C=2 X27

R50 (p. 122) Hex; edge; B2456/S1345; C=4 X06

R51 (p. 122) Hex; edge; B246/S246; C=4 X29

R52 (p. 123) Hex; edge; B25/S34; C=2 X30

R53 (p. 123) Hex; edge; B3/S23; C=2 X09, X10, X11, X12, X13, X14

R54 (p. 123) Hex; edge; B34/S234; C=2 X15

R55 (p. 124) Square; touch; B3/S23; C=2 S01, S02, S03, S04, S05, S06, S08, S09,
S10

R56 (p. 124) Square; touch; B36/S23; C=2 S07
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10. Rule register: R01-R03
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R01 Hat | B2/S | C = 2
Neighbours: Tiles sharing a positive-length boundary segment; point-only contacts do not count.

Birth: 0 becomes 1 at exactly 2 live neighbours (R01:B2); otherwise stays 0.

Survival: State 1 always dies. Death gives state 0 immediately.

Origin and earlier use: Established Seeds counts on the Hat graph. Seeds supplies the B2/S counts; the
package applies them to Hat shared-edge neighbours. No earlier exact specification was identified in literature
reviewed as at 14 October 2026.

Count-rule source: Golly, Seeds: [14].

Used by: H12 (p. 26).

R02 Hat | B2/S1 | C = 3
Neighbours: Tiles sharing a positive-length boundary segment; point-only contacts do not count.

Birth: 0 becomes 1 at exactly 2 live neighbours (R02:B2); otherwise stays 0.

Survival: 1 stays 1 at exactly one live neighbour (R02:S1). On death, 1 becomes 2; then 2 -> 0 regardless of
neighbours.

Origin and earlier use: Package-selected Generations rule. Selected in the package’s Hat searches using
the established refractory-state framework. No earlier exact specification was identified in literature reviewed as
at 14 October 2026.

Framework source: Golly, Generations: [33].

Used by: H04 (p. 18).

R03 Hat | B2/S13 | C = 4
Neighbours: Tiles sharing a positive-length boundary segment; point-only contacts do not count.

Birth: 0 becomes 1 at exactly 2 live neighbours (R03:B2); otherwise stays 0.

Survival: 1 stays 1 at exactly 1 or 3 live neighbours (R03:S1, R03:S3). On death, 1 becomes 2; then 2 -> 3 -> 0
regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected in the package’s refractory-clock
search; the associated period family is recorded in H06. No earlier exact specification was identified in literature
reviewed as at 14 October 2026.

Framework source: Golly, Generations: [33].

Used by: H06 (p. 20).
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10. Rule register: R04-R06
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R04 Hat | B2/S23 | C = 6
Neighbours: Tiles sharing a positive-length boundary segment; point-only contacts do not count.

Birth: 0 becomes 1 at exactly 2 live neighbours (R04:B2); otherwise stays 0.

Survival: 1 stays 1 at exactly 2 or 3 live neighbours (R04:S2, R04:S3). On death, 1 becomes 2; then 2 -> 3 -> 4 ->
5 -> 0 regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected in the package’s Hat searches using
the established refractory-state framework. No earlier exact specification was identified in literature reviewed as
at 14 October 2026.

Framework source: Golly, Generations: [33].

Used by: H05 (p. 19).

R05 Hat | B23/S | C = 2
Neighbours: Tiles sharing a positive-length boundary segment; point-only contacts do not count.

Birth: 0 becomes 1 at exactly 2 or 3 live neighbours (R05:B2, R05:B3); otherwise stays 0.

Survival: State 1 always dies. Death gives state 0 immediately.

Origin and earlier use: Package-selected binary rule. Selected in the package’s Hat shared-edge search
within the established birth/survival framework. No earlier exact specification was identified in literature reviewed
as at 14 October 2026.

Notation and framework: Golly, QuickLife: [14].

Used by: H13 (p. 27), H14 (p. 28), H15 (p. 29).

R06 Hat | B3/S23 | C = 2
Neighbours: Tiles sharing a positive-length boundary segment; point-only contacts do not count.

Birth: 0 becomes 1 at exactly 3 live neighbours (R06:B3); otherwise stays 0.

Survival: 1 stays 1 at exactly 2 or 3 live neighbours (R06:S2, R06:S3). Death gives state 0 immediately.

Origin and earlier use: Conway counts transferred to another graph. Conway’s B3/S23 counts are applied
to the Hat shared-edge graph. Gardner’s source describes eight-neighbour square Life, not this complete rule. No
earlier exact specification was identified in literature reviewed as at 14 October 2026.

Count-rule source: Conway, reported by Gardner (1970): [13].

Used by: H11 (p. 25).
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10. Rule register: R07-R09
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R07 Hat | B1/S | C = 2
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly one live neighbour (R07:B1); otherwise stays 0.

Survival: State 1 always dies. Death gives state 0 immediately.

Origin and earlier use: Package-selected field-demonstration rule. Chosen for a deterministic field
demonstration in the package, using the established birth/survival framework. No earlier exact specification was
identified in literature reviewed as at 14 October 2026.

Notation and framework: Golly, QuickLife: [14].

Used by: C04 (p. 36).

R08 Hat | B2/S1 | C = 10
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 2 live neighbours (R08:B2); otherwise stays 0.

Survival: 1 stays 1 at exactly one live neighbour (R08:S1). On death, 1 becomes 2; then 2 -> 3 -> 4 -> 5 -> 6 -> 7
-> 8 -> 9 -> 0 regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected in the package’s Hat searches using
the established refractory-state framework. No earlier exact specification was identified in literature reviewed as
at 14 October 2026.

Framework source: Golly, Generations: [33].

Used by: H07 (p. 21).

R09 Hat | B3/S23 | C = 2
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 3 live neighbours (R09:B3); otherwise stays 0.

Survival: 1 stays 1 at exactly 2 or 3 live neighbours (R09:S2, R09:S3). Death gives state 0 immediately.

Origin and earlier use: Conway counts transferred to another graph. Conway’s B3/S23 counts are applied
to the Hat boundary-contact graph. Gardner’s source describes eight-neighbour square Life, not this complete
rule. No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Count-rule source: Conway, reported by Gardner (1970): [13].

Used by: H08 (p. 22), H09 (p. 23), H10 (p. 24).
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10. Rule register: R10-R12
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R10 Hat | TABLE:HAT-A | C = 4
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

R10.1: own=0, n_2>=2 -> 0
R10.2: own=any, n_1>=3 -> 3
R10.3: own=2, n_1>=1 and n_0>=1 -> 1
R10.4: own=1, n_2>=1 -> 3
R10.5: own=0, n_1>=1 -> 2

First matching row wins; otherwise 0. n_i counts state i, including 0. No automatic refractory ageing.

Origin and earlier use: Published rule: James Edmond’s Hat A. Edmond’s four-state Hat A table uses
boundary-contact neighbours. The package reproduces that complete rule; its separately selected seed
placements do not make the rule original.

Rule source: Edmond, Hat A paper and compendium: [2], [3].

Used by: H02 (p. 16), H18 (p. 32).

R11 Hat | TABLE:HAT-B | C = 4
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

R11.1: own=0, n_1>=2 and n_0>=1 -> 0
R11.2: own=0, n_0>=2 and n_2>=2 -> 1
R11.3: own=0, n_0>=2 and n_3>=1 -> 1
R11.4: own=1, n_3>=1 -> 3

First matching row wins; otherwise 0. n_i counts state i, including 0. No automatic refractory ageing.

Origin and earlier use: Published rule: James Edmond’s Hat B. Edmond’s four-state Hat B table uses
boundary-contact neighbours. The package reproduces that complete rule; its separately selected seed
placements do not make the rule original.

Rule source: Edmond, Hat B paper and compendium: [2], [3].

Used by: H03 (p. 17), H17 (p. 31).

R12 Hat | TABLE:HAT-C | C = 4
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

R12.1: own=any, n_2>=1 and n_1>=3 -> 3
R12.2: own=1, n_2>=1 -> 2
R12.3: own=3, n_3>=3 -> 3
R12.4: own=0, n_3>=2 -> 1
R12.5: own=any, n_2>=1 -> 1

First matching row wins; otherwise 0. n_i counts state i, including 0. No automatic refractory ageing.

Origin and earlier use: Published rule: James Edmond’s Hat C. Edmond’s four-state Hat C table uses
boundary-contact neighbours. The package reproduces that complete rule; its separately selected seed
placements do not make the rule original.

Rule source: Edmond, Hat C paper and compendium: [2], [3].

Used by: H19 (p. 33), H21 (p. 35).
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10. Rule register: R13-R15
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R13 Hat | TABLE:HAT-RELAY | C = 3
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

R13.1: own=1, n_2>=1 -> 2
R13.2: own=0, n_0>=4 and n_2>=1 -> 1

First matching row wins; otherwise 0. n_i counts state i, including 0. No automatic refractory ageing.

Origin and earlier use: Adaptation of Edmond’s Spectre relay. Obtained by simplifying R15. H16’s mature
generations 60-235 match Edmond’s Spectre relay after [0,1,2] maps to [0,3,1]; ignition and global guards differ.
No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Adapted mechanism: Edmond’s Spectre relay: [2], [3].

Used by: H16 (p. 30).

R14 Hat | TABLE:HAT-SIMPLE | C = 3
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

R14.1: own=0, n_1>=2 -> 0
R14.2: own=0, n_2>=1 -> 1
R14.3: own=1, n_2>=1 -> 2

First matching row wins; otherwise 0. n_i counts state i, including 0. No automatic refractory ageing.

Origin and earlier use: Adaptation of Edmond’s Hat B (R11). For H20, remove Hat B’s unused state, relabel
state 3 as 2 and drop the empty-neighbour birth guard. This agrees on checked launches, not all inputs. No
earlier exact specification was identified in literature reviewed as at 14 October 2026.

Parent rule: Edmond’s Hat B, reproduced as R11: [2], [3].

Used by: H20 (p. 34).

R15 Hat | TABLE:HAT-WAKE | C = 4
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

R15.1: own=1, n_0>=3 and n_2>=1 -> 2
R15.2: own=0, n_0>=4 and n_2>=1 -> 1
R15.3: own=1, n_0>=4 -> 3
R15.4: own=0, n_1>=1 and n_2>=1 -> 3

First matching row wins; otherwise 0. n_i counts state i, including 0. No automatic refractory ageing.

Origin and earlier use: Package-evolved table; no identified precedent. Obtained by random-initialised
evolutionary search and trajectory-preserving reduction; H01 records its derivation. No earlier exact specification
was identified in literature reviewed as at 14 October 2026. Edmond supplies the earlier framework, not this
exact table.

Framework background: Edmond’s Hat/Spectre work: [2], [3].

Used by: H01 (p. 15).
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10. Rule register: R16-R18
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R16 Penrose | B12/S | C = 2
Neighbours: Tiles sharing a positive-length boundary segment; point-only contacts do not count.

Birth: 0 becomes 1 at exactly 1 or 2 live neighbours (R16:B1, R16:B2); otherwise stays 0.

Survival: State 1 always dies. Death gives state 0 immediately.

Origin and earlier use: Package-selected field-demonstration rule. Chosen for a deterministic field
demonstration in the package, using the established birth/survival framework. No earlier exact specification was
identified in literature reviewed as at 14 October 2026.

Notation and framework: Golly, QuickLife: [14].

Used by: C02 (p. 56).

R17 Penrose | B23/S23 | C = 2
Neighbours: Tiles sharing a positive-length boundary segment; point-only contacts do not count.

Birth: 0 becomes 1 at exactly 2 or 3 live neighbours (R17:B2, R17:B3); otherwise stays 0.

Survival: 1 stays 1 at exactly 2 or 3 live neighbours (R17:S2, R17:S3). Death gives state 0 immediately.

Origin and earlier use: Package-selected binary rule. Selected in the package’s Penrose shared-edge
search. Owens and Stepney’s R27 uses different counts and boundary-contact neighbours. No earlier exact
specification was identified in literature reviewed as at 14 October 2026.

Different-rule background: Owens and Stepney: [5].

Used by: P04 (p. 40).

R18 Penrose | B3/S23 | C = 2
Neighbours: Tiles sharing a positive-length boundary segment; point-only contacts do not count.

Birth: 0 becomes 1 at exactly 3 live neighbours (R18:B3); otherwise stays 0.

Survival: 1 stays 1 at exactly 2 or 3 live neighbours (R18:S2, R18:S3). Death gives state 0 immediately.

Origin and earlier use: Conway counts transferred to another graph. Conway’s B3/S23 counts are applied
to the Penrose shared-edge graph. Gardner’s source describes eight-neighbour square Life, not this complete
rule. No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Count-rule source: Conway, reported by Gardner (1970): [13].

Used by: P10 (p. 46).
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10. Rule register: R19-R21
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R19 Penrose | B2/S | C = 3
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 2 live neighbours (R19:B2); otherwise stays 0.

Survival: State 1 always dies. On death, 1 becomes 2; then 2 -> 0 regardless of neighbours.

Origin and earlier use: Brian’s Brain transition on Penrose rhombs. Brian Silverman’s three-state Brain
transition is transferred to Penrose boundary-contact neighbours. The cited standard square-grid rule is not this
full specification. No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Transition source: Rucker and Walker, Brian’s Brain: [7].

Used by: C03 (p. 57).

R20 Penrose | B2/S | C = 4
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 2 live neighbours (R20:B2); otherwise stays 0.

Survival: State 1 always dies. On death, 1 becomes 2; then 2 -> 3 -> 0 regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. This 4-state B2/S rule was selected in the
package’s Penrose searches. Goucher’s earlier gliders use a different priority table. No earlier exact specification
was identified in literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Different-rule background: Goucher’s Penrose gliders: [4].

Used by: P11 (p. 47).

R21 Penrose | B2/S | C = 5
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 2 live neighbours (R21:B2); otherwise stays 0.

Survival: State 1 always dies. On death, 1 becomes 2; then 2 -> 3 -> 4 -> 0 regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. This 5-state B2/S rule was selected in the
package’s Penrose searches. Goucher’s earlier gliders use a different priority table. No earlier exact specification
was identified in literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Different-rule background: Goucher’s Penrose gliders: [4].

Used by: P02 (p. 38), P12 (p. 48).
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10. Rule register: R22-R24
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R22 Penrose | B2/S | C = 6
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 2 live neighbours (R22:B2); otherwise stays 0.

Survival: State 1 always dies. On death, 1 becomes 2; then 2 -> 3 -> 4 -> 5 -> 0 regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. This 6-state B2/S rule was selected in the
package’s Penrose searches. Goucher’s earlier gliders use a different priority table. No earlier exact specification
was identified in literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Different-rule background: Goucher’s Penrose gliders: [4].

Used by: P01 (p. 37), P03 (p. 39), P13 (p. 49).

R23 Penrose | B2/S4 | C = 5
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 2 live neighbours (R23:B2); otherwise stays 0.

Survival: 1 stays 1 at exactly 4 live neighbours (R23:S4). On death, 1 becomes 2; then 2 -> 3 -> 4 -> 0 regardless
of neighbours.

Origin and earlier use: Package-selected launch-rule variant. The package added S4 survivals to its R21
travelling-core rule, changing ignition. The later core is the package’s R21 core, not Goucher’s different
mechanism. No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Different-rule background: Goucher’s Penrose gliders: [4].

Used by: P15 (p. 51).

R24 Penrose | B24/S | C = 4
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 2 or 4 live neighbours (R24:B2, R24:B4); otherwise stays 0.

Survival: State 1 always dies. On death, 1 becomes 2; then 2 -> 3 -> 0 regardless of neighbours.

Origin and earlier use: Package-selected launch-rule variant. The package added B4 births to its R20
travelling-core rule, changing ignition. The later core is the package’s R20 core, not Goucher’s different
mechanism. No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Different-rule background: Goucher’s Penrose gliders: [4].

Used by: P14 (p. 50).
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10. Rule register: R25-R27
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R25 Penrose | B26/S | C = 4
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 2 or 6 live neighbours (R25:B2, R25:B6); otherwise stays 0.

Survival: State 1 always dies. On death, 1 becomes 2; then 2 -> 3 -> 0 regardless of neighbours.

Origin and earlier use: Package-selected launch-rule variant. The package added B6 births to its R20
travelling-core rule, changing ignition. The later core is the package’s R20 core, not Goucher’s different
mechanism. No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Different-rule background: Goucher’s Penrose gliders: [4].

Used by: P16 (p. 52).

R26 Penrose | B27/S4 | C = 4
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 2 or 7 live neighbours (R26:B2, R26:B7); otherwise stays 0.

Survival: 1 stays 1 at exactly 4 live neighbours (R26:S4). On death, 1 becomes 2; then 2 -> 3 -> 0 regardless of
neighbours.

Origin and earlier use: Package-selected launch-rule variant. The package added B7 births and S4
survivals to its R20 travelling-core rule, changing ignition. The later core is the package’s R20 core, not Goucher’s
different mechanism. No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Different-rule background: Goucher’s Penrose gliders: [4].

Used by: P17 (p. 53).

R27 Penrose | B3/S23 | C = 2
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 3 live neighbours (R27:B3); otherwise stays 0.

Survival: 1 stays 1 at exactly 2 or 3 live neighbours (R27:S2, R27:S3). Death gives state 0 immediately.

Origin and earlier use: Published Penrose Life rule. Owens and Stepney used binary B3/S23 on Penrose
rhombs with boundary-contact neighbours. Their published full rule precedes this package; individual
configurations require separate comparisons, including unresolved P09.

Rule source: Owens and Stepney (2010): [5], [10].

Used by: P06 (p. 42), P07 (p. 43), P08 (p. 44), P09 (p. 45), P18 (p. 54), P19 (p. 55).
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10. Rule register: R28-R30
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R28 Penrose | B3/S23 | C = 3
Neighbours: All edge or boundary-point contacts, including corner contacts and T-junctions; exclude the cell itself.

Birth: 0 becomes 1 at exactly 3 live neighbours (R28:B3); otherwise stays 0.

Survival: 1 stays 1 at exactly 2 or 3 live neighbours (R28:S2, R28:S3). On death, 1 becomes 2; then 2 -> 0
regardless of neighbours.

Origin and earlier use: Package Generations extension of R27. Adds one refractory state to the binary
Penrose Life rule R27. The three-state transition differs from Owens and Stepney’s binary automaton. No earlier
exact specification was identified in literature reviewed as at 14 October 2026.

Binary parent: Owens and Stepney’s Penrose Life: [5], [10].

Refractory framework: Golly, Generations: [33].

Used by: P05 (p. 41).

R29 Hex | B135/S0246 | C = 2
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 1, 3 or 5 live neighbours (R29:B1, R29:B3, R29:B5); otherwise stays 0.

Survival: 1 stays 1 at exactly 0, 2, 4 or 6 live neighbours (R29:S0, R29:S2, R29:S4, R29:S6). Death gives state 0
immediately.

Origin and earlier use: XOR rule; illustrative package construction. The update equals XOR of the centre
state and six neighbours. C01 explains the algebra and the three-cell illustrative seed assembled here. No new
XOR replication principle is claimed.

Used by: C01 (p. 93).

R30 Hex | B2/S0 | C = 3
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2 live neighbours (R30:B2); otherwise stays 0.

Survival: 1 stays 1 at exactly 0 live neighbours (R30:S0). On death, 1 becomes 2; then 2 -> 0 regardless of
neighbours.

Origin and earlier use: Package-selected Generations rule. Selected by the package’s six-neighbour
hexagonal search within the established Generations framework. No earlier exact specification was identified in
literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Literature surveyed, not an exact-rule predecessor: [8].

Used by: X04 (p. 61).
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10. Rule register: R31-R33
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R31 Hex | B2/S1 | C = 3
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2 live neighbours (R31:B2); otherwise stays 0.

Survival: 1 stays 1 at exactly one live neighbour (R31:S1). On death, 1 becomes 2; then 2 -> 0 regardless of
neighbours.

Origin and earlier use: Previously published six-neighbour rule. c0b0p0’s 27 February 2014 contribution
supplies the B2/S1, C=3 period-999 rotor X31 and period-158 ship X33. These dated examples establish prior use
of the full rule, without identifying its first proposer.

Prior use: c0b0p0, Hexagonal Generations Rules (2014): [8].

Used by: X31 (p. 88), X33 (p. 90).

R32 Hex | B2/S34 | C = 2
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2 live neighbours (R32:B2); otherwise stays 0.

Survival: 1 stays 1 at exactly 3 or 4 live neighbours (R32:S3, R32:S4). Death gives state 0 immediately.

Origin and earlier use: Previously published six-neighbour rule. drc’s 18 January 2016 oscillator record
and Dean Hickerson’s 20 January 2016 wall and billiard-table records use this full rule. The reproduced objects
are X28, X34 and X35.

Oscillator source: drc (18 January 2016): [20].

Wall/billiard sources: Dean Hickerson (20 January 2016): [15], [23].

Used by: X28 (p. 85), X34 (p. 91), X35 (p. 92).

R33 Hex | B2/S3456 | C = 7
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2 live neighbours (R33:B2); otherwise stays 0.

Survival: 1 stays 1 at exactly 3, 4, 5 or 6 live neighbours (R33:S3, R33:S4, R33:S5, R33:S6). On death, 1 becomes
2; then 2 -> 3 -> 4 -> 5 -> 6 -> 0 regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected by the package’s six-neighbour
hexagonal search within the established Generations framework. No earlier exact specification was identified in
literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Literature surveyed, not an exact-rule predecessor: [8].

Used by: X19 (p. 76).
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10. Rule register: R34-R36
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R34 Hex | B2/S35 | C = 2
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2 live neighbours (R34:B2); otherwise stays 0.

Survival: 1 stays 1 at exactly 3 or 5 live neighbours (R34:S3, R34:S5). Death gives state 0 immediately.

Origin and earlier use: Published six-neighbour rule. Bays (2005), Figure 3, describes the B2/S35
spaceship. X23 exactly matches Cerkan’s 22 January 2016 RLE. The package does not claim either rule or ship as
original.

Earlier rule and motion: Bays, Figure 3: [11], [19].

Matched seed source: John Cerkan (2016): [15].

Used by: X23 (p. 80).

R35 Hex | B23/S13 | C = 4
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2 or 3 live neighbours (R35:B2, R35:B3); otherwise stays 0.

Survival: 1 stays 1 at exactly 1 or 3 live neighbours (R35:S1, R35:S3). On death, 1 becomes 2; then 2 -> 3 -> 0
regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected by the package’s six-neighbour
hexagonal search within the established Generations framework. No earlier exact specification was identified in
literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Literature surveyed, not an exact-rule predecessor: [8].

Used by: X07 (p. 64).

R36 Hex | B23/S13 | C = 5
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2 or 3 live neighbours (R36:B2, R36:B3); otherwise stays 0.

Survival: 1 stays 1 at exactly 1 or 3 live neighbours (R36:S1, R36:S3). On death, 1 becomes 2; then 2 -> 3 -> 4 ->
0 regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected by the package’s six-neighbour
hexagonal search within the established Generations framework. No earlier exact specification was identified in
literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Literature surveyed, not an exact-rule predecessor: [8].

Used by: X21 (p. 78).
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10. Rule register: R37-R39
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R37 Hex | B23/S4 | C = 2
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2 or 3 live neighbours (R37:B2, R37:B3); otherwise stays 0.

Survival: 1 stays 1 at exactly 4 live neighbours (R37:S4). Death gives state 0 immediately.

Origin and earlier use: Previously published six-neighbour rule. John Cerkan’s 15 March 2020 contribution
to Outer-totalistic hexagonal rules with spaceships supplies the retained B23/S4H seed, reproduced as X32. This
establishes prior use of the complete rule.

Prior rule and seed: John Cerkan (15 March 2020): [9].

Used by: X32 (p. 89).

R38 Hex | B234/S13 | C = 4
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 3 or 4 live neighbours (R38:B2, R38:B3, R38:B4); otherwise stays 0.

Survival: 1 stays 1 at exactly 1 or 3 live neighbours (R38:S1, R38:S3). On death, 1 becomes 2; then 2 -> 3 -> 0
regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected by the package’s six-neighbour
hexagonal search within the established Generations framework. No earlier exact specification was identified in
literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Literature surveyed, not an exact-rule predecessor: [8].

Used by: X22 (p. 79).

R39 Hex | B234/S1346 | C = 3
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 3 or 4 live neighbours (R39:B2, R39:B3, R39:B4); otherwise stays 0.

Survival: 1 stays 1 at exactly 1, 3, 4 or 6 live neighbours (R39:S1, R39:S3, R39:S4, R39:S6). On death, 1 becomes
2; then 2 -> 0 regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected by the package’s six-neighbour
hexagonal search within the established Generations framework. No earlier exact specification was identified in
literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Literature surveyed, not an exact-rule predecessor: [8].

Used by: X05 (p. 62).
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10. Rule register: R40-R42
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R40 Hex | B234/S245 | C = 5
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 3 or 4 live neighbours (R40:B2, R40:B3, R40:B4); otherwise stays 0.

Survival: 1 stays 1 at exactly 2, 4 or 5 live neighbours (R40:S2, R40:S4, R40:S5). On death, 1 becomes 2; then 2
-> 3 -> 4 -> 0 regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected by the package’s six-neighbour
hexagonal search within the established Generations framework. No earlier exact specification was identified in
literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Literature surveyed, not an exact-rule predecessor: [8].

Used by: X08 (p. 65).

R41 Hex | B234/S3 | C = 2
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 3 or 4 live neighbours (R41:B2, R41:B3, R41:B4); otherwise stays 0.

Survival: 1 stays 1 at exactly 3 live neighbours (R41:S3). Death gives state 0 immediately.

Origin and earlier use: Package-selected binary rule. Selected by the package’s six-neighbour hexagonal
search within the established birth/survival framework. No earlier exact specification was identified in literature
reviewed as at 14 October 2026.

Literature surveyed, not an exact-rule predecessor: [9].

Used by: X18 (p. 75).

R42 Hex | B2345/S24 | C = 4
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 3, 4 or 5 live neighbours (R42:B2, R42:B3, R42:B4, R42:B5); otherwise stays 0.

Survival: 1 stays 1 at exactly 2 or 4 live neighbours (R42:S2, R42:S4). On death, 1 becomes 2; then 2 -> 3 -> 0
regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected by the package’s six-neighbour
hexagonal search within the established Generations framework. No earlier exact specification was identified in
literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Literature surveyed, not an exact-rule predecessor: [8].

Used by: X03 (p. 60).
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10. Rule register: R43-R45
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R43 Hex | B235/S134 | C = 5
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 3 or 5 live neighbours (R43:B2, R43:B3, R43:B5); otherwise stays 0.

Survival: 1 stays 1 at exactly 1, 3 or 4 live neighbours (R43:S1, R43:S3, R43:S4). On death, 1 becomes 2; then 2
-> 3 -> 4 -> 0 regardless of neighbours.

Origin and earlier use: Package rule applied to the published X23 seed. The package changes R34 to
B235/S134, C=5, while retaining X23’s live-cell geometry. Cerkan supplies the matched seed; Bays describes the
earlier B2/S35 ship. No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Reused seed: John Cerkan’s B2/S35 ship: [15].

Earlier B2/S35 ship, not this altered rule: Bays, Fig. 3: [11], [19].

Used by: X26 (p. 83).

R44 Hex | B235/S146 | C = 4
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 3 or 5 live neighbours (R44:B2, R44:B3, R44:B5); otherwise stays 0.

Survival: 1 stays 1 at exactly 1, 4 or 6 live neighbours (R44:S1, R44:S4, R44:S6). On death, 1 becomes 2; then 2
-> 3 -> 0 regardless of neighbours.

Origin and earlier use: Package rule applied to the published X23 seed. The package changes R34 to
B235/S146, C=4, while retaining X23’s live-cell geometry. Cerkan supplies the matched seed; Bays describes the
earlier B2/S35 ship. No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Reused seed: John Cerkan’s B2/S35 ship: [15].

Earlier B2/S35 ship, not this altered rule: Bays, Fig. 3: [11], [19].

Used by: X25 (p. 82).

R45 Hex | B24/S16 | C = 3
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2 or 4 live neighbours (R45:B2, R45:B4); otherwise stays 0.

Survival: 1 stays 1 at exactly 1 or 6 live neighbours (R45:S1, R45:S6). On death, 1 becomes 2; then 2 -> 0
regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected by the package’s six-neighbour
hexagonal search within the established Generations framework. No earlier exact specification was identified in
literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Literature surveyed, not an exact-rule predecessor: [8].

Used by: X20 (p. 77).
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10. Rule register: R46-R48
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R46 Hex | B24/S3 | C = 2
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2 or 4 live neighbours (R46:B2, R46:B4); otherwise stays 0.

Survival: 1 stays 1 at exactly 3 live neighbours (R46:S3). Death gives state 0 immediately.

Origin and earlier use: Package-selected binary rule. Selected by the package’s six-neighbour hexagonal
search within the established birth/survival framework. No earlier exact specification was identified in literature
reviewed as at 14 October 2026.

Literature surveyed, not an exact-rule predecessor: [9].

Used by: X17 (p. 74).

R47 Hex | B245/S02 | C = 5
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 4 or 5 live neighbours (R47:B2, R47:B4, R47:B5); otherwise stays 0.

Survival: 1 stays 1 at exactly 0 or 2 live neighbours (R47:S0, R47:S2). On death, 1 becomes 2; then 2 -> 3 -> 4 ->
0 regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected by the package’s six-neighbour
hexagonal search within the established Generations framework. No earlier exact specification was identified in
literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Literature surveyed, not an exact-rule predecessor: [8].

Used by: X01 (p. 58), X02 (p. 59).

R48 Hex | B245/S3 | C = 2
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 4 or 5 live neighbours (R48:B2, R48:B4, R48:B5); otherwise stays 0.

Survival: 1 stays 1 at exactly 3 live neighbours (R48:S3). Death gives state 0 immediately.

Origin and earlier use: Published six-neighbour rule. Bays (2005), Figure 4, describes a B245/S3 spaceship.
X24 exactly matches Golly’s executable hexagonal example; Golly’s page does not name Bays. X16’s separate
oscillator has its own provenance.

Earlier rule and motion: Bays, Figure 4: [11], [19].

Matched seed and rule: Golly, QuickLife: [14].

Used by: X16 (p. 73), X24 (p. 81).
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10. Rule register: R49-R51
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R49 Hex | B245/S35 | C = 2
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 4 or 5 live neighbours (R49:B2, R49:B4, R49:B5); otherwise stays 0.

Survival: 1 stays 1 at exactly 3 or 5 live neighbours (R49:S3, R49:S5). Death gives state 0 immediately.

Origin and earlier use: Previously published six-neighbour rule. muzik’s 2019 B245/S35H spaceship in
Outer-totalistic hexagonal rules with spaceships matches X27 over its complete orbit. The rule and spaceship
precede this package.

Prior rule and matched ship: muzik (2019): [9].

Used by: X27 (p. 84).

R50 Hex | B2456/S1345 | C = 4
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 4, 5 or 6 live neighbours (R50:B2, R50:B4, R50:B5, R50:B6); otherwise stays 0.

Survival: 1 stays 1 at exactly 1, 3, 4 or 5 live neighbours (R50:S1, R50:S3, R50:S4, R50:S5). On death, 1 becomes
2; then 2 -> 3 -> 0 regardless of neighbours.

Origin and earlier use: Package-selected Generations rule. Selected by the package’s six-neighbour
hexagonal search within the established Generations framework. No earlier exact specification was identified in
literature reviewed as at 14 October 2026.

Framework: Golly, Generations: [33].

Literature surveyed, not an exact-rule predecessor: [8].

Used by: X06 (p. 63).

R51 Hex | B246/S246 | C = 4
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2, 4 or 6 live neighbours (R51:B2, R51:B4, R51:B6); otherwise stays 0.

Survival: 1 stays 1 at exactly 2, 4 or 6 live neighbours (R51:S2, R51:S4, R51:S6). On death, 1 becomes 2; then 2
-> 3 -> 0 regardless of neighbours.

Origin and earlier use: Previously published four-state rule. confocaloid’s 14 October 2024 contribution to
Hexagonal Generations Rules supplies this rule and X29’s twelve-live-cell three-way gun seed. The package
contributes independent verification.

Rule and gun source: confocaloid (14 October 2024): [8].

Used by: X29 (p. 86).
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10. Rule register: R52-R54
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R52 Hex | B25/S34 | C = 2
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 2 or 5 live neighbours (R52:B2, R52:B5); otherwise stays 0.

Survival: 1 stays 1 at exactly 3 or 4 live neighbours (R52:S3, R52:S4). Death gives state 0 immediately.

Origin and earlier use: Previously published six-neighbour rule. X30 exactly matches Naszvadi’s 1
February 2024 puffer. Dmitry Maitak reports a 2023 occurrence, whose seed was not independently compared
here. The original discoverer has not been identified by this audit.

Matched rule and seed: Naszvadi (1 February 2024): [16].

Reported earlier occurrence; seed comparison incomplete: [21], [22].

Used by: X30 (p. 87).

R53 Hex | B3/S23 | C = 2
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 3 live neighbours (R53:B3); otherwise stays 0.

Survival: 1 stays 1 at exactly 2 or 3 live neighbours (R53:S2, R53:S3). Death gives state 0 immediately.

Origin and earlier use: Conway counts transferred to another graph. Conway’s B3/S23 counts are applied
to the six-neighbour hexagonal graph. Gardner’s source describes eight-neighbour square Life, not this complete
rule. No earlier exact specification was identified in literature reviewed as at 14 October 2026.

Count-rule source: Conway, reported by Gardner (1970): [13].

Used by: X09 (p. 66), X10 (p. 67), X11 (p. 68), X12 (p. 69), X13 (p. 70), X14 (p. 71).

R54 Hex | B34/S234 | C = 2
Neighbours: Six edge-sharing hexagons; the cell itself is excluded.

Birth: 0 becomes 1 at exactly 3 or 4 live neighbours (R54:B3, R54:B4); otherwise stays 0.

Survival: 1 stays 1 at exactly 2, 3 or 4 live neighbours (R54:S2, R54:S3, R54:S4). Death gives state 0 immediately.

Origin and earlier use: Package-selected binary rule. Selected by the package’s six-neighbour hexagonal
search within the established birth/survival framework. No earlier exact specification was identified in literature
reviewed as at 14 October 2026.

Literature surveyed, not an exact-rule predecessor: [9].

Used by: X15 (p. 72).
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10. Rule register: R55-R56
B/S counts are exact counts of state-1 neighbours. A known rule and a newly found seed are separate claims.
Notation: p. 3; status definitions: p. 7.

R55 Square | B3/S23 | C = 2
Neighbours: Eight surrounding squares: four edge-sharing and four diagonal; exclude the cell itself.

Birth: 0 becomes 1 at exactly 3 live neighbours (R55:B3); otherwise stays 0.

Survival: 1 stays 1 at exactly 2 or 3 live neighbours (R55:S2, R55:S3). Death gives state 0 immediately.

Origin and earlier use: Standard Conway Life. John Conway’s binary B3/S23 rule on the square grid with
eight boundary-contact neighbours, published by Martin Gardner in October 1970.

Published rule account: Gardner (1970), Conway’s Life: [13].

Used by: S01 (p. 94), S02 (p. 95), S03 (p. 96), S04 (p. 97), S05 (p. 98), S06 (p. 99), S08 (p. 101), S09 (p. 102), S10
(p. 103).

R56 Square | B36/S23 | C = 2
Neighbours: Eight surrounding squares: four edge-sharing and four diagonal; exclude the cell itself.

Birth: 0 becomes 1 at exactly 3 or 6 live neighbours (R56:B3, R56:B6); otherwise stays 0.

Survival: 1 stays 1 at exactly 2 or 3 live neighbours (R56:S2, R56:S3). Death gives state 0 immediately.

Origin and earlier use: Established HighLife rule. The standard binary B36/S23 rule on the eight-neighbour
square grid. Eppstein’s account credits S07’s replicator to Nathan Thompson (1994); that pattern credit does not
establish who first proposed the rule.

Rule and replicator account: David Eppstein, HighLife: [17].

Used by: S07 (p. 100).
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11. Reproduce and rebuild
From the application
Use the version 3.7.4 release accompanying this catalogue. Open aperiodic-life-standalone.html,
locate the entry by title in Curated configurations, and press Load. The lower-case identifier
printed on the page is its discoveries.js key. Step through the generations shown. Save state
preserves all labelled states. The live website may later run a different release.

Machine-readable initial states
The PDF attachment catalogue-data.json contains every preset, exact seed, rule and
measurement. The repository’s geometry/diagrams.json additionally records complete snapshot
geometry, graph hashes and the realised initial states of random fields. Where a long seed is not
printed in full, the record key, population and SHA-256 of the canonical seed list identify the
attached exact data. PDF readers may hide attachments; the same data is provided as a normal
file beside this PDF.

Rebuilding the catalogue
The editable prose is catalogue.md. catalogue-source.json contains exact definitions, seeds,
attributions and bibliography. build_catalogue.py reads both and produces the PDF plus
catalogue-data.json. Install the optional documentation dependencies in requirements.txt, then
run python3 docs/catalogue/build_catalogue.py from the repository root. The application itself
still needs no installation or npm dependencies.

Regenerating scientific figures
Run node docs/catalogue/export_geometry.js to regenerate every snapshot from core.js and
discoveries.js. Then rebuild the PDF. Re-run node research/verify-catalog.js and the cited
specialised verifiers when changing seeds, geometry or dynamics. A larger aperiodic depth
changes tile IDs: transfer by verified polygon correspondence, not by assuming the same
numerical ID means the same location.

Exact seed example (from the repository root):

const C = require('./core.js');
const e = require('./discoveries.js')
  .find(x => x.id === 'hat-wake-traveller');
const p = C.buildPatch(e.tiling, e.depth);
const s = new C.Automaton(p, p.touchGraph, e);
for (const [i,v] of e.cellStates) s.state[i] = v;
s.refreshDerivedState();
for (let t=0;t<60;t++) s.step();
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12. Data, checks and integrity
Double-checks
All 89 curated presets are included exactly once, all 12 named UI rule presets are inventoried,
and all 56 complete rule definitions are mapped to their entries. Every panel is regenerated from
the release engine. The full catalogue verifier and the eleven published hexagonal source
comparisons were rerun. Independent period/displacement and aperiodic structure checks from
the previous catalogue remain applicable to the unchanged seeds and engine; the evidence
records state their actual horizons.

Reproducibility and scope
The embedded catalogue data and repository source identify the exact engine and discovery file
by SHA-256. The PDF deliberately does not embed its containing release archive. That would
create a circular dependency. Build and verification output paths are described in the catalogue
README. Source claims are qualified separately from the runtime checks.

Corrections and citation
Cite Aperiodic Life 3.7.4, the stable preset ID, the full rule including C, and the graph. A useful
earlier-match report supplies a dated source, complete multistate seed, rule and neighbourhood,
and an explicit transformation or phase match. Please submit corrections and patches to the
project repository. Neither this software nor this computational catalogue establishes global
priority or replaces independent verification.

core.js SHA-256
d39d1a0b0ed3b1307a9d9a9bbbabb75e e4479e257301674ac38c6b2b622b6ef3

discoveries.js SHA-256
9f0d8e6969a0c6fe5fde89e29bc33437 c39fb87e6464fa125c1be9da28fc5187
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13. References
Primary papers, author-maintained records and attributed pattern collections are listed below. The audit uses
retained source comparisons dated 13-14 October 2026. Exact-pattern and background references are
distinguished in the entries; citing a source is not a claim to have established its author’s first-discovery priority.

[1] Gabbay, Murdoch J. Aperiodic Life, version 3.7.4. Software, curated configurations and
computational evidence, 14 October 2026. Catalogue: AI generated following prompts by
Murdoch J. Gabbay. Editable catalogue sources and exact-state evidence accompany the release.

https://github.com/bellissimogiorno/aperiodic-life

[2] Edmond, James. Gliders on Aperiodic Monotilings: Cellular Automata on the Hat and Spectre.
arXiv:2609.22579, 2026. Primary source for the published Hat/Spectre framework and Hat A/B/C
gliders.

https://arxiv.org/abs/2609.22579

[3] Edmond, James. The Glider Compendium. Author-maintained monotile-ca repository,
GLIDERS.md. Rule tables, seed records and credit for reproduced behaviour.

https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md

[4] Goucher, Adam P. Gliders in cellular automata on Penrose tilings (2012). Primary paper
describing earlier four-state Penrose travelling behaviour under a different update rule.

https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf

https://github.com/bellissimogiorno/aperiodic-life
https://arxiv.org/abs/2609.22579
https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md
https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf
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{
  "version": "3.7.4",
  "date": "14 October 2026",
  "schema": 1,
  "entries": [
    {
      "id": "hat-wake-traveller",
      "title": "Hat wake traveller",
      "tiling": "hat",
      "depth": 5,
      "neighborhood": "touch",
      "rule": "TABLE:HAT-WAKE",
      "generations": 4,
      "cellStates": [
        [
          7392,
          2
        ],
        [
          7396,
          1
        ],
        [
          7307,
          3
        ],
        [
          2948,
          1
        ],
        [
          2955,
          1
        ],
        [
          2952,
          1
        ]
      ],
      "expectedActivityThrough": 293,
      "speed": 6,
      "borderRings": 1,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "category": "Einstein-hat gliders and launchers",
      "summary": "An independently evolved four-state rule carries a compact wake traveller through 293 generations. Larger-patch evidence covers 1,000 interior generations with at most nine nonzero cells. Finite evidence; priority and indefinite propagation remain open.",
      "provenance": {
        "status": "package-found",
        "credit": "Aperiodic Life search; published Hat glider framework credited to James Edmond",
        "note": "Random-initialised evolutionary lineage, evaluation 358893, epoch 11. Four-row reduction preserves the recorded seven-row trajectory. The original six-cell launch supplies the larger-patch evidence; at generation 1000 it retains eight boundary rings. None of 341 tested nontrivial state projections reproduces its observed mature dynamics under the included reference tables. This is not a proof of a wholly new transport mechanism, historical priority or indefinite flight.",
        "sources": [
          {
            "label": "James Edmond’s Hat and Spectre paper",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/continued-search/hat-relay/campaigns.json",
          "research/continued-search/hat-relay/final-rules.json",
          "research/continued-search/verification/README.md"
        ]
      },
      "catalogueCode": "H01",
      "ruleId": "R15",
      "cataloguePage": 15,
      "measurementText": "Catalogue replay through t = 293.",
      "fixedView": false,
      "sourceReferences": [
        2,
        3
      ],
      "audit": {
        "id": "hat-wake-traveller",
        "title": "Hat wake traveller",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "TABLE:HAT-WAKE",
        "states": 4,
        "neighbourhood": "touch",
        "depth": 5,
        "seed": [
          [
            7392,
            2
          ],
          [
            7396,
            1
          ],
          [
            7307,
            3
          ],
          [
            2948,
            1
          ],
          [
            2955,
            1
          ],
          [
            2952,
            1
          ]
        ],
        "scientificClaim": "A compact traveller under a separately evolved four-state priority table. The six-cell catalogue seed is verified for 293 generations on the depth-5 Hat touch graph. A polygon-preserving placement of the same labelled seed on the depth-6 patch remains nonzero for 1,000 generations, visits 2,447 tiles, and displaces its nonzero-cell centroid by 1,071.983213 coordinate units; at most nine cells are nonzero at any instant.",
        "limitations": "Finite aperiodic travel only: neither indefinite flight nor historical priority is established. The instantaneous support may have two connected components. The 341 failed state projections distinguish the observed mature local transitions from six stored reference tables, not every possible travelling mechanism. The state-3 wake is not proven necessary for transport. No earlier exact configuration or table was identified in the reviewed sources.",
        "illustrationGenerations": [
          0,
          60,
          128,
          293
        ],
        "longIllustration": {
          "depth": 6,
          "generations": [
            60,
            128,
            500,
            1000
          ],
          "note": "Depth-6 uses the same numerical seed IDs, but physical placement differs by the certified translation; do not label depth-5 snapshots as the 1,000-generation replay."
        },
        "metrics": {
          "depth5Horizon": 293,
          "depth5MinimumBoundaryDistance": 4,
          "depth5MaximumNonzero": 9,
          "depth6Horizon": 1000,
          "depth6MinimumBoundaryDistance": 8,
          "depth6MaximumNonzero": 9,
          "depth6MaximumRadius": 4.637795861285243,
          "depth6VisitedTiles": 2447,
          "depth6CentroidDisplacement": 1071.9832130281436,
          "localReturn": {
            "from": 60,
            "to": 128,
            "haloRadius": 3,
            "nonzeroCells": 8,
            "haloCells": 81,
            "translation": [
              51,
              51.96152329444885
            ]
          },
          "projectionMapsTested": 341,
          "projectionMatches": 0
        },
        "specialEvidence": [
          "research/continued-search/verification/hat-relay-evidence.json",
          "research/continued-search/verification/hat-relay-reduction-control.json",
          "research/continued-search/verification/verify-hat-relay.js"
        ],
        "provenanceConcerns": [
          "The framework and published Hat and Spectre gliders must be credited to James Edmond, even though this table originated in a fresh random lineage.",
          "A related two-cell launch under the same wake table is also recorded (maximum 13 nonzero cells) but is not a separate curated catalogue entry. It may be mentioned as a seed reduction, not counted as a second discovered mechanism."
        ],
        "verification": {
          "id": "hat-wake-traveller",
          "title": "Hat wake traveller",
          "category": "Einstein-hat gliders and launchers",
          "tiling": "hat",
          "cells": 54289,
          "neighborhood": "touch",
          "rule": "TABLE:HAT-WAKE",
          "generations": 4,
          "kind": "long-lived compact seed",
          "verifiedThrough": 293,
          "finalAlive": 2,
          "finalChanged": 9,
          "maximumAlive": 4,
          "totalChanged": 2840,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 3,
              "changed": 11
            },
            {
              "generation": 100,
              "alive": 1,
              "changed": 8
            },
            {
              "generation": 150,
              "alive": 3,
              "changed": 10
            },
            {
              "generation": 200,
              "alive": 3,
              "changed": 10
            },
            {
              "generation": 250,
              "alive": 3,
              "changed": 11
            },
            {
              "generation": 293,
              "alive": 2,
              "changed": 9
            }
          ]
        },
        "provenance": {
          "status": "package-found",
          "credit": "Aperiodic Life search; published Hat glider framework credited to James Edmond",
          "note": "Random-initialised evolutionary lineage, evaluation 358893, epoch 11. Four-row reduction preserves the recorded seven-row trajectory. The original six-cell launch supplies the larger-patch evidence; at generation 1000 it retains eight boundary rings. None of 341 tested nontrivial state projections reproduces its observed mature dynamics under the included reference tables. This is not a proof of a wholly new transport mechanism, historical priority or indefinite flight.",
          "sources": [
            {
              "label": "James Edmond’s Hat and Spectre paper",
              "url": "https://arxiv.org/abs/2609.22579"
            },
            {
              "label": "Edmond’s Glider Compendium",
              "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
            }
          ],
          "evidence": [
            "research/continued-search/hat-relay/campaigns.json",
            "research/continued-search/hat-relay/final-rules.json",
            "research/continued-search/verification/README.md"
          ]
        },
        "evidence": [
          "research/continued-search/hat-relay/campaigns.json",
          "research/continued-search/hat-relay/final-rules.json",
          "research/continued-search/verification/README.md",
          "research/continued-search/verification/hat-relay-evidence.json",
          "research/continued-search/verification/hat-relay-reduction-control.json",
          "research/continued-search/verification/verify-hat-relay.js"
        ]
      },
      "attributionLabel": "Original to this package: seed and evolved rule R15; no exact precedent identified in the literature reviewed as at 14 October 2026. Edmond’s Hat/Spectre framework is prior work [2, 3].",
      "citationGroups": [
        {
          "label": "Earlier Hat/Spectre framework and travelling patterns; not an exact identification of this seed or evolved rule",
          "references": [
            2,
            3
          ]
        }
      ],
      "reproduction": {
        "id": "hat-wake-traveller",
        "tiling": "hat",
        "depth": 5,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "TABLE:HAT-WAKE",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 54289,
        "verticesPerTile": 13,
        "geometrySHA256": "9f873af56fadc1e7a25b01be71cbe1ef8b0dbca5acdcfb74b453d59057d10b2e",
        "graphSHA256": "b68392afd6678260dae82e4a13dbc6e4f49ab2097abc6b4b2529bd4d03bcaa74",
        "initialCellStates": [
          [
            2948,
            1
          ],
          [
            2952,
            1
          ],
          [
            2955,
            1
          ],
          [
            7307,
            3
          ],
          [
            7392,
            2
          ],
          [
            7396,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              7392,
              2
            ],
            [
              7396,
              1
            ],
            [
              7307,
              3
            ],
            [
              2948,
              1
            ],
            [
              2955,
              1
            ],
            [
              2952,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 293,
          "minimumNonzero": 4,
          "maximumNonzero": 9,
          "minimumLive": 1,
          "maximumLive": 4,
          "minimumBoundaryDistance": 4,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 6,
          "live": 4,
          "stateCounts": [
            54283,
            4,
            1,
            1
          ],
          "minimumBoundaryDistance": 59,
          "nonzeroCentroid": [
            -63.81410280863444,
            32.23168913523356
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "92f57844499b989cbee7fb5310afeede1d68d5c40ab917f321f122e18bfae950",
          "bounds": [
            -70.25,
            26.413774490356445,
            -56.75,
            38.53813171386719
          ]
        },
        {
          "t": 60,
          "active": 8,
          "live": 4,
          "stateCounts": [
            54281,
            4,
            1,
            3
          ],
          "minimumBoundaryDistance": 50,
          "nonzeroCentroid": [
            -17.61057674884796,
            78.8332929611206
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "12b563e9185a9c410dbab504d4e560d3356a21bed508feb1c6f3e82c998b032e",
          "bounds": [
            -23.75,
            73.17914581298828,
            -11,
            84.87049102783203
          ]
        },
        {
          "t": 293,
          "active": 6,
          "live": 2,
          "stateCounts": [
            54283,
            2,
            2,
            2
          ],
          "minimumBoundaryDistance": 4,
          "nonzeroCentroid": [
            157.49359130859375,
            257.4204966227214
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "f4e5148663f212a10bf73c1fd2c629b826beabc893b1ccf415c9ef35a42c1aaf",
          "bounds": [
            152.5,
            252.01339721679688,
            163.75,
            261.9726867675781
          ]
        }
      ]
    },
    {
      "id": "hat-edmond-a-six-way-launcher",
      "category": "Einstein-hat gliders and launchers",
      "title": "Hat A six-way launcher",
      "summary": "A connected six-cell seed launches six independently verified Hat A gliders under Edmond’s published rule. Complete-state replay is checked through generation 180; this is a finite launcher.",
      "tiling": "hat",
      "depth": 5,
      "neighborhood": "touch",
      "rule": "TABLE:HAT-A",
      "generations": 4,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "cellStates": [
        [
          24180,
          2
        ],
        [
          24181,
          1
        ],
        [
          24717,
          2
        ],
        [
          24718,
          1
        ],
        [
          24722,
          1
        ],
        [
          24724,
          2
        ]
      ],
      "expectedActivityThrough": 180,
      "provenance": {
        "status": "package-found",
        "credit": "Aperiodic Life seed search under James Edmond’s published rule",
        "note": "A connected six-cell seed found by this package launches six separated bodies under Edmond’s published Hat A table. Independent packet evolution reconstructs the complete state from generation 60 to 180. Every nontrivial seed bipartition diverges from the interacting launch; no smaller subset reaches the same checked outcome. The rule and glider mechanism are published; this is a newly catalogued finite launch configuration. Historical priority is unestablished.",
        "sources": [
          {
            "label": "James Edmond’s Hat and Spectre paper",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/continued-search/hat-emitters/README.md",
          "research/continued-search/verification/README.md",
          "research/continued-search/verification/hat-a-six-launcher-evidence.json"
        ]
      },
      "catalogueCode": "H02",
      "ruleId": "R10",
      "cataloguePage": 16,
      "measurementText": "Catalogue replay through t = 180.",
      "fixedView": false,
      "sourceReferences": [
        2,
        3
      ],
      "audit": {
        "id": "hat-edmond-a-six-way-launcher",
        "title": "Hat A six-way launcher",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "TABLE:HAT-A",
        "states": 4,
        "neighbourhood": "touch",
        "depth": 5,
        "seed": [
          [
            24180,
            2
          ],
          [
            24181,
            1
          ],
          [
            24717,
            2
          ],
          [
            24718,
            1
          ],
          [
            24722,
            1
          ],
          [
            24724,
            2
          ]
        ],
        "scientificClaim": "A connected six-cell launch under Edmond's unchanged Hat A table produces six independently evolving compact travelling bodies. From generation 60 through 180, independently evolving the six separated bodies reconstructs the complete labelled state at every generation. Each body has a checked translated return of its occupied polygons and three surrounding empty neighbour rings.",
        "limitations": "A finite one-off launcher, not a repeating gun. The rule and glider mechanism were published by James Edmond; the contribution catalogued here is the searched launch configuration. No claim of an indefinitely traversable outgoing corridor or historical priority is made. All proper nonempty subsets fail to reproduce the checked full endpoint, which does not establish globally minimal seed size among all placements.",
        "illustrationGenerations": [
          0,
          60,
          100,
          180
        ],
        "metrics": {
          "independentBodies": 6,
          "independentReplayFrom": 60,
          "independentReplayThrough": 180,
          "minimumBoundaryDistance": 7,
          "maximumNonzeroPerBody": 8,
          "maximumRadiusPerBody": 3.2544790722809336,
          "translatedReturnsHaveEmptyHaloRadius": 3,
          "seedBipartitionsChecked": 31,
          "minimumDisplacementPerBody": 128.07958887337747,
          "maximumDisplacementPerBody": 128.8116866931082
        },
        "specialEvidence": [
          "research/continued-search/verification/hat-a-six-launcher-evidence.json",
          "research/continued-search/verification/verify-hat-six-launcher.js",
          "research/continued-search/hat-emitters/README.md"
        ],
        "provenanceConcerns": [
          "Distinguish configuration-level absence of an identified antecedent from authorship of the emitted Hat A gliders.",
          "Evidence fixture ID is hat-a-six-way-launcher; released catalogue ID is hat-edmond-a-six-way-launcher."
        ],
        "verification": {
          "id": "hat-edmond-a-six-way-launcher",
          "title": "Hat A six-way launcher",
          "category": "Einstein-hat gliders and launchers",
          "tiling": "hat",
          "cells": 54289,
          "neighborhood": "touch",
          "rule": "TABLE:HAT-A",
          "generations": 4,
          "kind": "long-lived compact seed",
          "verifiedThrough": 180,
          "finalAlive": 9,
          "finalChanged": 66,
          "maximumAlive": 9,
          "totalChanged": 12190,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 8,
              "changed": 65
            },
            {
              "generation": 100,
              "alive": 6,
              "changed": 72
            },
            {
              "generation": 150,
              "alive": 7,
              "changed": 70
            },
            {
              "generation": 180,
              "alive": 9,
              "changed": 66
            }
          ]
        },
        "provenance": {
          "status": "package-found",
          "credit": "Aperiodic Life seed search under James Edmond’s published rule",
          "note": "A connected six-cell seed found by this package launches six separated bodies under Edmond’s published Hat A table. Independent packet evolution reconstructs the complete state from generation 60 to 180. Every nontrivial seed bipartition diverges from the interacting launch; no smaller subset reaches the same checked outcome. The rule and glider mechanism are published; this is a newly catalogued finite launch configuration. Historical priority is unestablished.",
          "sources": [
            {
              "label": "James Edmond’s Hat and Spectre paper",
              "url": "https://arxiv.org/abs/2609.22579"
            },
            {
              "label": "Edmond’s Glider Compendium",
              "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
            }
          ],
          "evidence": [
            "research/continued-search/hat-emitters/README.md",
            "research/continued-search/verification/README.md",
            "research/continued-search/verification/hat-a-six-launcher-evidence.json"
          ]
        },
        "evidence": [
          "research/continued-search/hat-emitters/README.md",
          "research/continued-search/verification/README.md",
          "research/continued-search/verification/hat-a-six-launcher-evidence.json",
          "research/continued-search/verification/verify-hat-six-launcher.js"
        ]
      },
      "attributionLabel": "Original to this package: six-cell launch configuration; no exact precedent identified in the literature reviewed as at 14 October 2026. Uses James Edmond’s published Hat A rule and gliders [2, 3].",
      "citationGroups": [
        {
          "label": "Source of the Hat A rule and travelling mechanism; this six-cell launch seed was found in the package",
          "references": [
            2,
            3
          ]
        }
      ],
      "reproduction": {
        "id": "hat-edmond-a-six-way-launcher",
        "tiling": "hat",
        "depth": 5,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "TABLE:HAT-A",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 54289,
        "verticesPerTile": 13,
        "geometrySHA256": "9f873af56fadc1e7a25b01be71cbe1ef8b0dbca5acdcfb74b453d59057d10b2e",
        "graphSHA256": "b68392afd6678260dae82e4a13dbc6e4f49ab2097abc6b4b2529bd4d03bcaa74",
        "initialCellStates": [
          [
            24180,
            2
          ],
          [
            24181,
            1
          ],
          [
            24717,
            2
          ],
          [
            24718,
            1
          ],
          [
            24722,
            1
          ],
          [
            24724,
            2
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              24180,
              2
            ],
            [
              24181,
              1
            ],
            [
              24717,
              2
            ],
            [
              24718,
              1
            ],
            [
              24722,
              1
            ],
            [
              24724,
              2
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 180,
          "minimumNonzero": 6,
          "maximumNonzero": 44,
          "minimumLive": 3,
          "maximumLive": 9,
          "minimumBoundaryDistance": 7,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 6,
          "live": 3,
          "stateCounts": [
            54283,
            3,
            3,
            0
          ],
          "minimumBoundaryDistance": 76,
          "nonzeroCentroid": [
            17.25,
            -9.670616944630941
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "a1d0622c191dcd09ed39bc86408eee8c52688e05d7e822ef1605b8d33b5e5e8b",
          "bounds": [
            11.5,
            -15.155444145202637,
            23,
            -4.763139724731445
          ]
        },
        {
          "t": 60,
          "active": 42,
          "live": 8,
          "stateCounts": [
            54247,
            8,
            28,
            6
          ],
          "minimumBoundaryDistance": 49,
          "nonzeroCentroid": [
            24.90018339348691,
            -11.126681747890654
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "409ef09bea77927e747b0cc1e33e9a43d4bf719276b0cc0d5aebd0689324a62f",
          "bounds": [
            -50,
            -77.50927734375,
            85.75,
            57.59069061279297
          ]
        },
        {
          "t": 180,
          "active": 40,
          "live": 9,
          "stateCounts": [
            54249,
            9,
            25,
            6
          ],
          "minimumBoundaryDistance": 7,
          "nonzeroCentroid": [
            39.00576934814453,
            -19.332351398468017
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "a6652aa1a72ac3827da1df57354514b0048301d301ff7b02abb606586882dab7",
          "bounds": [
            -174,
            -200.9178924560547,
            209.5,
            181.4323272705078
          ]
        }
      ]
    },
    {
      "id": "hat-edmond-b-periodic-emitter",
      "category": "Einstein-hat gliders and launchers",
      "title": "Hat B recurring emitter — finite verification",
      "summary": "Three cells ignite a recurring source under Edmond’s Hat B rule. A complete 40-generation emission identity and separated-packet replay are verified over finite intervals; perpetual emission is not proved.",
      "tiling": "hat",
      "depth": 5,
      "neighborhood": "touch",
      "rule": "TABLE:HAT-B",
      "generations": 4,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "cellStates": [
        [
          23821,
          1
        ],
        [
          23824,
          3
        ],
        [
          23836,
          1
        ]
      ],
      "expectedActivityThrough": 180,
      "provenance": {
        "status": "package-found",
        "credit": "Aperiodic Life seed search under James Edmond’s published rule",
        "note": "A three-cell seed found by this package ignites a recurring source under Edmond’s unchanged Hat B table. The whole state at generation 30 is a 56-cell source: after 40 steps it returns with a 23-cell packet containing four travellers. Independent cohort reconstruction is checked at every source generation through 180 with seven boundary rings. Two pairs follow the same trajectories 20 steps apart. This establishes finite recurring emission, not a least period of 40 or perpetual operation. Credit for the rule and travelling mechanism belongs to Edmond; historical priority for this emitting configuration is unestablished.",
        "sources": [
          {
            "label": "James Edmond’s Hat and Spectre paper",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/continued-search/hat-emitters/README.md",
          "research/continued-search/verification/README.md",
          "research/continued-search/verification/hat-emitter-independent.json",
          "research/continued-search/verification/verify-hat-emitter.js"
        ]
      },
      "catalogueCode": "H03",
      "ruleId": "R11",
      "cataloguePage": 17,
      "measurementText": "Catalogue replay through t = 180.",
      "fixedView": false,
      "sourceReferences": [
        2,
        3
      ],
      "audit": {
        "id": "hat-edmond-b-periodic-emitter",
        "title": "Hat B recurring emitter — finite verification",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "TABLE:HAT-B",
        "states": 4,
        "neighbourhood": "touch",
        "depth": 5,
        "seed": [
          [
            23821,
            1
          ],
          [
            23824,
            3
          ],
          [
            23836,
            1
          ]
        ],
        "scientificClaim": "A three-cell seed under Edmond's Hat B table reaches a 56-cell source C at parent generation 30. For the complete nonzero state, F^40(C) is the disjoint union of C and a 23-cell emitted packet E. The packet decomposes into four independently travelling bodies in two streams, with successive bodies in each stream delayed by 20 generations. Independent cohort evolution reconstructs every source state from time 0 through 180.",
        "limitations": "This verifies four complete 40-generation emission intervals on the checked finite substrate, not a least source period of 40 or perpetual gun operation. The source is the entire state at parent generation 30 and needs no external feed during the checked interval. An earlier 38-cell crop is not this certificate. Credit for the local rule and outgoing travelling mechanism belongs to James Edmond; priority for the seed is unestablished.",
        "illustrationGenerations": [
          0,
          30,
          70,
          110
        ],
        "metrics": {
          "seedCells": 3,
          "sourceParentGeneration": 30,
          "sourceNonzeroCells": 56,
          "emissionInterval": 40,
          "leastEmissionIntervalEstablished": false,
          "emittedNonzeroCells": 23,
          "emittedTravellers": 4,
          "streams": 2,
          "streamBodyDelay": 20,
          "sourceReplayThrough": 180,
          "sourceMinimumBoundaryDistance": 7,
          "parentReplayThrough": 180,
          "parentMinimumBoundaryDistance": 10,
          "allCohortStateComparisons": 181,
          "completedEmissionIntervals": 4,
          "productionReferenceStateComparisons": 1067
        },
        "specialEvidence": [
          "research/continued-search/verification/hat-emitter-independent.json",
          "research/continued-search/verification/verify-hat-emitter.js",
          "research/continued-search/hat-emitters/B-native-emission-identity.json"
        ],
        "provenanceConcerns": [
          "Source time starts at parent generation 30. Source time 180 corresponds to parent generation 210, although the directly compared parent run stops at 180.",
          "The title uses recurring emitter, not proved glider gun.",
          "Do not count successive same-stream bodies as four distinct glider species."
        ],
        "verification": {
          "id": "hat-edmond-b-periodic-emitter",
          "title": "Hat B recurring emitter — finite verification",
          "category": "Einstein-hat gliders and launchers",
          "tiling": "hat",
          "cells": 54289,
          "neighborhood": "touch",
          "rule": "TABLE:HAT-B",
          "generations": 4,
          "kind": "long-lived compact seed",
          "verifiedThrough": 180,
          "finalAlive": 109,
          "finalChanged": 244,
          "maximumAlive": 118,
          "totalChanged": 29218,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 62,
              "changed": 141
            },
            {
              "generation": 100,
              "alive": 70,
              "changed": 160
            },
            {
              "generation": 150,
              "alive": 100,
              "changed": 228
            },
            {
              "generation": 180,
              "alive": 109,
              "changed": 244
            }
          ]
        },
        "provenance": {
          "status": "package-found",
          "credit": "Aperiodic Life seed search under James Edmond’s published rule",
          "note": "A three-cell seed found by this package ignites a recurring source under Edmond’s unchanged Hat B table. The whole state at generation 30 is a 56-cell source: after 40 steps it returns with a 23-cell packet containing four travellers. Independent cohort reconstruction is checked at every source generation through 180 with seven boundary rings. Two pairs follow the same trajectories 20 steps apart. This establishes finite recurring emission, not a least period of 40 or perpetual operation. Credit for the rule and travelling mechanism belongs to Edmond; historical priority for this emitting configuration is unestablished.",
          "sources": [
            {
              "label": "James Edmond’s Hat and Spectre paper",
              "url": "https://arxiv.org/abs/2609.22579"
            },
            {
              "label": "Edmond’s Glider Compendium",
              "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
            }
          ],
          "evidence": [
            "research/continued-search/hat-emitters/README.md",
            "research/continued-search/verification/README.md",
            "research/continued-search/verification/hat-emitter-independent.json",
            "research/continued-search/verification/verify-hat-emitter.js"
          ]
        },
        "evidence": [
          "research/continued-search/hat-emitters/README.md",
          "research/continued-search/verification/README.md",
          "research/continued-search/verification/hat-emitter-independent.json",
          "research/continued-search/verification/verify-hat-emitter.js",
          "research/continued-search/hat-emitters/B-native-emission-identity.json"
        ]
      },
      "attributionLabel": "Original to this package: three-cell emitting configuration; no exact precedent identified in the literature reviewed as at 14 October 2026. Uses James Edmond’s published Hat B rule and gliders [2, 3].",
      "citationGroups": [
        {
          "label": "Source of the Hat B rule and travelling mechanism; this three-cell emitting seed was found in the package",
          "references": [
            2,
            3
          ]
        }
      ],
      "reproduction": {
        "id": "hat-edmond-b-periodic-emitter",
        "tiling": "hat",
        "depth": 5,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "TABLE:HAT-B",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 54289,
        "verticesPerTile": 13,
        "geometrySHA256": "9f873af56fadc1e7a25b01be71cbe1ef8b0dbca5acdcfb74b453d59057d10b2e",
        "graphSHA256": "b68392afd6678260dae82e4a13dbc6e4f49ab2097abc6b4b2529bd4d03bcaa74",
        "initialCellStates": [
          [
            23821,
            1
          ],
          [
            23824,
            3
          ],
          [
            23836,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              23821,
              1
            ],
            [
              23824,
              3
            ],
            [
              23836,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 70,
          "minimumNonzero": 3,
          "maximumNonzero": 82,
          "minimumLive": 2,
          "maximumLive": 64,
          "minimumBoundaryDistance": 56,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 3,
          "live": 2,
          "stateCounts": [
            54286,
            2,
            0,
            1
          ],
          "minimumBoundaryDistance": 82,
          "nonzeroCentroid": [
            -6.5,
            9.08216381072998
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "743b87e4f74f40c8a53671f8223e2385d5b1c2422b6e2261b4d78bde080f4309",
          "bounds": [
            -11,
            4.330127239227295,
            -2,
            12.557368278503418
          ]
        },
        {
          "t": 30,
          "active": 56,
          "live": 41,
          "stateCounts": [
            54233,
            41,
            0,
            15
          ],
          "minimumBoundaryDistance": 71,
          "nonzeroCentroid": [
            -15.434752675704658,
            0.12490753031202725
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "ee6d7d505e4da7632d279a122a237a10ec7bf542ebe8e7a71563060cbd696e55",
          "bounds": [
            -34.5,
            -19.485570907592773,
            4.75,
            16.021469116210938
          ]
        },
        {
          "t": 70,
          "active": 79,
          "live": 60,
          "stateCounts": [
            54210,
            60,
            0,
            19
          ],
          "minimumBoundaryDistance": 56,
          "nonzeroCentroid": [
            -13.41236600289239,
            -7.6272636346424685
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "8145d39be06317767c11f755b3b7d80ec26caa47dfcb1a3f96c7d304b6a0c576",
          "bounds": [
            -56.75,
            -48.93043518066406,
            45.5,
            16.021469116210938
          ]
        }
      ]
    },
    {
      "id": "hat-b2s1-c3-rotor-p39",
      "category": "Einstein-hat rotating waves and clocks",
      "title": "Hat rotating wave — period 39",
      "summary": "A 3-state wave turns through 120 degrees every 13 generations and returns to exactly its original complete state after 39. It rotates about a fixed centre; it has no net translational drift.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "edge",
      "rule": "B2/S1",
      "generations": 3,
      "borderRings": 1,
      "speed": 8,
      "view": {
        "mode": "trajectory",
        "bounds": [
          6.5000000134611735,
          10.39230453190867,
          22.25,
          26.41377410681216
        ],
        "steps": 39,
        "padding": 3
      },
      "cellStates": [
        [
          2729,
          1
        ],
        [
          2731,
          1
        ],
        [
          3380,
          1
        ],
        [
          3395,
          2
        ],
        [
          3396,
          1
        ]
      ],
      "expectedPeriod": 39,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Found by the package’s compact-seed oscillator search under three-state B2/S1 on the shared-edge graph. The retained phase is an exact period-39 rotating wave. Its original search record identifies trial 44 of the B2/S1 edge-orbit follow-up. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "test-structures.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "H04",
      "ruleId": "R02",
      "cataloguePage": 18,
      "measurementText": "Least period p = 39; transient = 0; cycle L = 3-8; cycle territory = 39 tiles; cycle minimum boundary distance = 22.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hat-b2s1-c3-rotor-p39",
        "title": "Hat rotating wave — period 39",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B2/S1",
        "states": 3,
        "neighbourhood": "edge",
        "depth": 4,
        "seed": [
          [
            2729,
            1
          ],
          [
            2731,
            1
          ],
          [
            3380,
            1
          ],
          [
            3395,
            2
          ],
          [
            3396,
            1
          ]
        ],
        "scientificClaim": "An exact least-period-39 oscillator under B2/S1 with three states and edge adjacency. The complete labelled state advances by a 120-degree clockwise rotation after every 13 generations. The recurrent support consists of 39 Hat tiles, all of whose state histories have least temporal period 39.",
        "limitations": "The rotation maps the recurrent occupied territory and its induced adjacency graph. It does not assert rotational symmetry of the entire Hat tiling. Instantaneous support can be disconnected. This is a bounded rotating oscillator with zero net translation, not a spaceship.",
        "illustrationGenerations": [
          0,
          13,
          26,
          39
        ],
        "metrics": {
          "maximumNonzero": 13,
          "supportTiles": 39,
          "fullPeriodCells": 39,
          "minimumBoundaryDistance": 22,
          "rotationAngleDegrees": -120,
          "rotationAdvance": 13,
          "pivotScaledTriangularLattice": [
            54,
            42
          ],
          "pivotCoordinates": [
            13.5,
            18.186533479473212
          ]
        },
        "specialEvidence": [
          "test-structures.js"
        ],
        "verification": {
          "id": "hat-b2s1-c3-rotor-p39",
          "title": "Hat rotating wave — period 39",
          "category": "Einstein-hat rotating waves and clocks",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "edge",
          "rule": "B2/S1",
          "generations": 3,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 39,
          "minimumAlive": 3,
          "maximumAlive": 8,
          "supportCells": 39,
          "minimumBoundaryDistance": 22,
          "center": [
            13.49999990218725,
            18.18653351221329
          ],
          "radius": 7.3206363044856575
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Found by the package’s compact-seed oscillator search under three-state B2/S1 on the shared-edge graph. The retained phase is an exact period-39 rotating wave. Its original search record identifies trial 44 of the B2/S1 edge-orbit follow-up. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "test-structures.js",
            "docs/RULE_SURVEY.md"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "test-structures.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-b2s1-c3-rotor-p39",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S1",
        "states": 3,
        "borderRings": 1,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "13b9a51b09e81b14fc01fe21bc17f039f15414322283328735b1022aea923be8",
        "initialCellStates": [
          [
            2729,
            1
          ],
          [
            2731,
            1
          ],
          [
            3380,
            1
          ],
          [
            3395,
            2
          ],
          [
            3396,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              2729,
              1
            ],
            [
              2731,
              1
            ],
            [
              3380,
              1
            ],
            [
              3395,
              2
            ],
            [
              3396,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 26,
          "minimumNonzero": 5,
          "maximumNonzero": 13,
          "minimumLive": 3,
          "maximumLive": 8,
          "minimumBoundaryDistance": 22,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 5,
          "live": 4,
          "stateCounts": [
            7916,
            4,
            1
          ],
          "minimumBoundaryDistance": 25,
          "nonzeroCentroid": [
            14.669230651855468,
            18.399708938598632
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "d8d3b777f17feab00b1858bd36939a20b127812000d8c2f3ab29150d27169a08",
          "bounds": [
            9.5,
            13.856406211853027,
            20,
            22.94967269897461
          ]
        },
        {
          "t": 13,
          "active": 5,
          "live": 4,
          "stateCounts": [
            7916,
            4,
            1
          ],
          "minimumBoundaryDistance": 25,
          "nonzeroCentroid": [
            13.099999809265137,
            17.067362213134764
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "2ab77d06e4dd46d300366f0379dd991ac20a89d900cad13d2163e8fc138f614c",
          "bounds": [
            8.5,
            12.557368278503418,
            18,
            21.217622756958008
          ]
        },
        {
          "t": 26,
          "active": 5,
          "live": 4,
          "stateCounts": [
            7916,
            4,
            1
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            12.730768966674805,
            19.092529296875
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "d7f31ce24b38f843a06e4f16b671f38d843e677246dee9a6c96b34a6179d5a81",
          "bounds": [
            8.75,
            13.856406211853027,
            17.75,
            24.24871063232422
          ]
        }
      ]
    },
    {
      "id": "hat-b2s23-c6-rotor-p219",
      "category": "Einstein-hat rotating waves and clocks",
      "title": "Hat rotating wave — period 219",
      "summary": "A 6-state wave turns through 120 degrees every 73 generations and returns to exactly its original complete state after 219. It rotates about a fixed centre; it has no net translational drift.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "edge",
      "rule": "B2/S23",
      "generations": 6,
      "borderRings": 1,
      "speed": 20,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -4.7499999865388265,
          -12.990381129407249,
          35.75,
          25.547748738000877
        ],
        "steps": 219,
        "padding": 3
      },
      "cellStates": [
        [
          1696,
          5
        ],
        [
          1701,
          4
        ],
        [
          3372,
          1
        ],
        [
          3373,
          1
        ],
        [
          3375,
          1
        ],
        [
          3389,
          2
        ],
        [
          3390,
          1
        ],
        [
          3401,
          3
        ]
      ],
      "expectedPeriod": 219,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Found by the package’s compact-seed oscillator search under six-state B2/S23 on the shared-edge graph. The retained phase is an exact period-219 rotating wave. Its original pilot record identifies trial 122 for that rule and state count. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "test-structures.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "H05",
      "ruleId": "R04",
      "cataloguePage": 19,
      "measurementText": "Least period p = 219; transient = 0; cycle L = 4-36; cycle territory = 300 tiles; cycle minimum boundary distance = 21.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hat-b2s23-c6-rotor-p219",
        "title": "Hat rotating wave — period 219",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B2/S23",
        "states": 6,
        "neighbourhood": "edge",
        "depth": 4,
        "seed": [
          [
            1696,
            5
          ],
          [
            1701,
            4
          ],
          [
            3372,
            1
          ],
          [
            3373,
            1
          ],
          [
            3375,
            1
          ],
          [
            3389,
            2
          ],
          [
            3390,
            1
          ],
          [
            3401,
            3
          ]
        ],
        "scientificClaim": "An exact least-period-219 oscillator under B2/S23 with six states and edge adjacency. The complete labelled state advances by a 120-degree clockwise rotation after every 73 generations. Its recurrent support has 300 tiles, each with least temporal period 219, so the period is not just the least common multiple of independent shorter clocks.",
        "limitations": "The verified rotational relation concerns the recurrent support and its induced graph, not a symmetry of the whole Hat tiling. The object is a bounded oscillator, not a translating glider; instantaneous support can be disconnected.",
        "illustrationGenerations": [
          0,
          73,
          146,
          219
        ],
        "metrics": {
          "maximumNonzero": 79,
          "supportTiles": 300,
          "fullPeriodCells": 300,
          "minimumBoundaryDistance": 21,
          "rotationAngleDegrees": -120,
          "rotationAdvance": 73,
          "pivotScaledTriangularLattice": [
            62,
            10
          ],
          "pivotCoordinates": [
            15.5,
            4.330127018922193
          ]
        },
        "specialEvidence": [
          "test-structures.js"
        ],
        "verification": {
          "id": "hat-b2s23-c6-rotor-p219",
          "title": "Hat rotating wave — period 219",
          "category": "Einstein-hat rotating waves and clocks",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "edge",
          "rule": "B2/S23",
          "generations": 6,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 219,
          "minimumAlive": 4,
          "maximumAlive": 36,
          "supportCells": 300,
          "minimumBoundaryDistance": 21,
          "center": [
            15.500000015050173,
            4.330127014021079
          ],
          "radius": 19.931984878140135
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Found by the package’s compact-seed oscillator search under six-state B2/S23 on the shared-edge graph. The retained phase is an exact period-219 rotating wave. Its original pilot record identifies trial 122 for that rule and state count. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "test-structures.js",
            "docs/RULE_SURVEY.md"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "test-structures.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-b2s23-c6-rotor-p219",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S23",
        "states": 6,
        "borderRings": 1,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "13b9a51b09e81b14fc01fe21bc17f039f15414322283328735b1022aea923be8",
        "initialCellStates": [
          [
            1696,
            5
          ],
          [
            1701,
            4
          ],
          [
            3372,
            1
          ],
          [
            3373,
            1
          ],
          [
            3375,
            1
          ],
          [
            3389,
            2
          ],
          [
            3390,
            1
          ],
          [
            3401,
            3
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              1696,
              5
            ],
            [
              1701,
              4
            ],
            [
              3372,
              1
            ],
            [
              3373,
              1
            ],
            [
              3375,
              1
            ],
            [
              3389,
              2
            ],
            [
              3390,
              1
            ],
            [
              3401,
              3
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 146,
          "minimumNonzero": 8,
          "maximumNonzero": 79,
          "minimumLive": 4,
          "maximumLive": 36,
          "minimumBoundaryDistance": 21,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 8,
          "live": 4,
          "stateCounts": [
            7913,
            4,
            1,
            1,
            1,
            1
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            19.01442313194275,
            9.551260948181152
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "42b150d73c784e3bf7facd75dbefb787384b1009f86896561523fb4621b60d23",
          "bounds": [
            14,
            3.464101552963257,
            24,
            15.588457107543945
          ]
        },
        {
          "t": 73,
          "active": 8,
          "live": 4,
          "stateCounts": [
            7913,
            4,
            1,
            1,
            1,
            1
          ],
          "minimumBoundaryDistance": 28,
          "nonzeroCentroid": [
            18.26442313194275,
            -1.3240196034312182
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "3a9c024cfedb0f52430f9eefaf5e8b0766b7ab027a44e31580597e24ceefe9d1",
          "bounds": [
            13,
            -6.928203105926514,
            24,
            4.763139724731445
          ]
        },
        {
          "t": 146,
          "active": 8,
          "live": 4,
          "stateCounts": [
            7913,
            4,
            1,
            1,
            1,
            1
          ],
          "minimumBoundaryDistance": 32,
          "nonzeroCentroid": [
            9.221153795719147,
            4.7631396651268005
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "29e512647ac2dd32108fbacbdcc45e6cf912416e86fb8754982e5632cb02d7e9",
          "bounds": [
            3.5,
            -0.4330126941204071,
            16.25,
            9.52627944946289
          ]
        }
      ]
    },
    {
      "id": "hat-b2s13-c4-clock-p11",
      "category": "Einstein-hat rotating waves and clocks",
      "title": "Hat eight-tile refractory clock — period 11",
      "summary": "A two-live-cell phase generates an exact period-11 clock on eight hat tiles under four-state B2/S13. The same phase has period 2C+3 for every tested state count C from 4 through 255.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "edge",
      "rule": "B2/S13",
      "generations": 4,
      "borderRings": 1,
      "speed": 5,
      "view": {
        "mode": "trajectory",
        "bounds": [
          2.7500000134611735,
          -0.43301269800631337,
          9.499999993269412,
          7.361215684723538
        ],
        "steps": 11,
        "padding": 3
      },
      "cellStates": [
        [
          3519,
          1
        ],
        [
          3522,
          1
        ]
      ],
      "expectedPeriod": 11,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Developed from an eight-tile clock found by the package’s B2/S13 search at ten states (trial 1730). The catalogue keeps the same two-live-cell phase and changes the state count to four, giving period 11. The relation period = 2C + 3 was then checked for C = 4 through 255. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "test-structures.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "H06",
      "ruleId": "R03",
      "cataloguePage": 20,
      "measurementText": "Least period p = 11; transient = 0; cycle L = 2-6; cycle territory = 8 tiles; cycle minimum boundary distance = 33.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hat-b2s13-c4-clock-p11",
        "title": "Hat eight-tile refractory clock — period 11",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B2/S13",
        "states": 4,
        "neighbourhood": "edge",
        "depth": 4,
        "seed": [
          [
            3519,
            1
          ],
          [
            3522,
            1
          ]
        ],
        "scientificClaim": "A two-live-cell seed produces an exact least-period-11 oscillator under B2/S13 with four states and edge adjacency. The union of occupied tiles over a cycle contains eight tiles. Using the same two-cell seed, every state count C from 4 through 255 was independently checked to give least period 2C+3, with the same eight-tile support and an identically zero 12-tile exterior halo.",
        "limitations": "The family formula is computationally verified for 4 <= C <= 255; no extrapolation beyond that range is claimed. C counts state 0 as well as live and refractory states. The browser exposes state counts only through 32, although the core supports the larger checked range.",
        "illustrationGenerations": [
          0,
          3,
          6,
          11
        ],
        "metrics": {
          "maximumNonzero": 8,
          "supportTiles": 8,
          "fullPeriodCells": 8,
          "minimumBoundaryDistance": 33,
          "familyMinimumC": 4,
          "familyMaximumC": 255,
          "familyMembersChecked": 252,
          "periodFormula": "2*C+3",
          "haloTiles": 12,
          "haloRemainsZero": true
        },
        "specialEvidence": [
          "test-structures.js"
        ],
        "verification": {
          "id": "hat-b2s13-c4-clock-p11",
          "title": "Hat eight-tile refractory clock — period 11",
          "category": "Einstein-hat rotating waves and clocks",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "edge",
          "rule": "B2/S13",
          "generations": 4,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 11,
          "minimumAlive": 2,
          "maximumAlive": 6,
          "supportCells": 8,
          "minimumBoundaryDistance": 33,
          "center": [
            6.3173075914382935,
            3.4641015380620956
          ],
          "radius": 3.1662657070952087
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Developed from an eight-tile clock found by the package’s B2/S13 search at ten states (trial 1730). The catalogue keeps the same two-live-cell phase and changes the state count to four, giving period 11. The relation period = 2C + 3 was then checked for C = 4 through 255. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "test-structures.js",
            "docs/RULE_SURVEY.md"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "test-structures.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-b2s13-c4-clock-p11",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S13",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "13b9a51b09e81b14fc01fe21bc17f039f15414322283328735b1022aea923be8",
        "initialCellStates": [
          [
            3519,
            1
          ],
          [
            3522,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              3519,
              1
            ],
            [
              3522,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 5,
          "minimumNonzero": 2,
          "maximumNonzero": 8,
          "minimumLive": 2,
          "maximumLive": 4,
          "minimumBoundaryDistance": 33,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 2,
          "live": 2,
          "stateCounts": [
            7919,
            2,
            0,
            0
          ],
          "minimumBoundaryDistance": 34,
          "nonzeroCentroid": [
            6.134615421295166,
            3.697262167930603
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b7208da03c58721ec8307ccfb7737cac18318880c39af14d676d23b2572854ef",
          "bounds": [
            2.75,
            -0.4330126941204071,
            9.5,
            7.361216068267822
          ]
        },
        {
          "t": 2,
          "active": 6,
          "live": 4,
          "stateCounts": [
            7915,
            4,
            2,
            0
          ],
          "minimumBoundaryDistance": 33,
          "nonzeroCentroid": [
            6.378205060958862,
            3.5418217380841575
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b7de1cd3b88b32a83262fa18487f5e87069a8baff4ff325d3488a0a45373b26c",
          "bounds": [
            1.25,
            -2.598076105117798,
            11.75,
            9.52627944946289
          ]
        },
        {
          "t": 5,
          "active": 4,
          "live": 4,
          "stateCounts": [
            7917,
            4,
            0,
            0
          ],
          "minimumBoundaryDistance": 33,
          "nonzeroCentroid": [
            6.317307472229004,
            3.3475212454795837
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "063510fb6ba644dee8f1cb603934c5d045e575f7e9b9e4c8f2540fafe70414a7",
          "bounds": [
            1.25,
            -2.598076105117798,
            11.75,
            9.52627944946289
          ]
        }
      ]
    },
    {
      "id": "hat-directional-transient-83",
      "category": "Einstein-hat transients",
      "title": "Hat directional transient — extinction 83",
      "summary": "A ten-cell phase launches a directional pulse under ten-state B2/S1. Its last live cell disappears at generation 75; the refractory wake is completely gone at generation 83. This finite transient is not a glider.",
      "tiling": "hat",
      "depth": 5,
      "neighborhood": "touch",
      "rule": "B2/S1",
      "generations": 10,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -47,
          33.341976165771484,
          18.25,
          92.66471862792969
        ],
        "steps": 83,
        "padding": 3
      },
      "cellStates": [
        [
          7788,
          1
        ],
        [
          7789,
          1
        ],
        [
          17211,
          1
        ],
        [
          17212,
          1
        ],
        [
          17296,
          1
        ],
        [
          17298,
          1
        ],
        [
          17301,
          1
        ],
        [
          17303,
          1
        ],
        [
          17305,
          7
        ],
        [
          17319,
          1
        ]
      ],
      "expectedExtinction": 83,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Selected from the package’s Hat B/S motion search and reduced to a ten-cell complete phase, including one refractory cell. The reduction preserves the retained parent state at generation 40. All activity ends at generation 83; the example is a directional transient, not a glider. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "test-structures.js",
          "research/search-mobile-patterns.js"
        ]
      },
      "catalogueCode": "H07",
      "ruleId": "R08",
      "cataloguePage": 21,
      "measurementText": "Full extinction at t = 83.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hat-directional-transient-83",
        "title": "Hat directional transient — extinction 83",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B2/S1",
        "states": 10,
        "neighbourhood": "touch",
        "depth": 5,
        "seed": [
          [
            7788,
            1
          ],
          [
            7789,
            1
          ],
          [
            17211,
            1
          ],
          [
            17212,
            1
          ],
          [
            17296,
            1
          ],
          [
            17298,
            1
          ],
          [
            17301,
            1
          ],
          [
            17303,
            1
          ],
          [
            17305,
            7
          ],
          [
            17319,
            1
          ]
        ],
        "scientificClaim": "A ten-cell labelled phase under B2/S1 with ten states and touch adjacency generates a directional transient. No live cells remain from generation 75; the remaining refractory states have all vanished at generation 83. Its total visited support contains 344 tiles, and its maximum instantaneous nonzero population is 76.",
        "limitations": "Complete extinction is verified. This is not a glider or spaceship. The seed contains nine state-1 cells and one state-7 refractory cell, so describing it as ten live cells would be incorrect. The occupied support is not connected at every time.",
        "illustrationGenerations": [
          0,
          25,
          50,
          75
        ],
        "metrics": {
          "firstWithoutLiveCells": 75,
          "firstAllZeroGeneration": 83,
          "maximumNonzero": 76,
          "totalVisitedTiles": 344,
          "minimumBoundaryDistance": 47
        },
        "specialEvidence": [
          "test-structures.js"
        ],
        "verification": {
          "id": "hat-directional-transient-83",
          "title": "Hat directional transient — extinction 83",
          "category": "Einstein-hat transients",
          "tiling": "hat",
          "cells": 54289,
          "neighborhood": "touch",
          "rule": "B2/S1",
          "generations": 10,
          "kind": "compact extinction transient",
          "extinctionGeneration": 83,
          "maximumAlive": 16,
          "totalChanged": 3484
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Selected from the package’s Hat B/S motion search and reduced to a ten-cell complete phase, including one refractory cell. The reduction preserves the retained parent state at generation 40. All activity ends at generation 83; the example is a directional transient, not a glider. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "test-structures.js",
            "research/search-mobile-patterns.js"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "test-structures.js",
          "research/search-mobile-patterns.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-directional-transient-83",
        "tiling": "hat",
        "depth": 5,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B2/S1",
        "states": 10,
        "borderRings": 1,
        "patchTileCount": 54289,
        "verticesPerTile": 13,
        "geometrySHA256": "9f873af56fadc1e7a25b01be71cbe1ef8b0dbca5acdcfb74b453d59057d10b2e",
        "graphSHA256": "b68392afd6678260dae82e4a13dbc6e4f49ab2097abc6b4b2529bd4d03bcaa74",
        "initialCellStates": [
          [
            7788,
            1
          ],
          [
            7789,
            1
          ],
          [
            17211,
            1
          ],
          [
            17212,
            1
          ],
          [
            17296,
            1
          ],
          [
            17298,
            1
          ],
          [
            17301,
            1
          ],
          [
            17303,
            1
          ],
          [
            17305,
            7
          ],
          [
            17319,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              7788,
              1
            ],
            [
              7789,
              1
            ],
            [
              17211,
              1
            ],
            [
              17212,
              1
            ],
            [
              17296,
              1
            ],
            [
              17298,
              1
            ],
            [
              17301,
              1
            ],
            [
              17303,
              1
            ],
            [
              17305,
              7
            ],
            [
              17319,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 82,
          "minimumNonzero": 1,
          "maximumNonzero": 76,
          "minimumLive": 0,
          "maximumLive": 16,
          "minimumBoundaryDistance": 47,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 10,
          "live": 9,
          "stateCounts": [
            54279,
            9,
            0,
            0,
            0,
            0,
            0,
            1,
            0,
            0
          ],
          "minimumBoundaryDistance": 47,
          "nonzeroCentroid": [
            -41.49230804443359,
            88.13473968505859
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "757ec0783029b4ab8a94162cad005e568293be533fb6f4b7476f48a934b20b22",
          "bounds": [
            -48,
            79.24132537841797,
            -34.25,
            94.82978057861328
          ]
        },
        {
          "t": 41,
          "active": 43,
          "live": 4,
          "stateCounts": [
            54246,
            4,
            4,
            2,
            6,
            6,
            6,
            6,
            3,
            6
          ],
          "minimumBoundaryDistance": 48,
          "nonzeroCentroid": [
            -3.1493738829049955,
            72.4409337598224
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "cb6c338baea378a9d8d36184b8bdc72b806f616f938eb7aac3293a8a9e560a61",
          "bounds": [
            -15.5,
            58.45671463012695,
            7.75,
            85.30350494384766
          ]
        },
        {
          "t": 82,
          "active": 1,
          "live": 0,
          "stateCounts": [
            54288,
            0,
            0,
            0,
            0,
            0,
            0,
            0,
            0,
            1
          ],
          "minimumBoundaryDistance": 69,
          "nonzeroCentroid": [
            7.769230842590332,
            34.64101791381836
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "f1bbf0c55c749ccae0b312bc209580e5e0439842b6702c0b12c832df318af513",
          "bounds": [
            4.5,
            31.609928131103516,
            11,
            37.67210388183594
          ]
        }
      ]
    },
    {
      "id": "hat-conway-p6",
      "category": "Einstein-hat Conway oscillators",
      "title": "Hat Conway p6",
      "summary": "An isolated period-6 Conway oscillator on the Einstein-hat edge-or-corner graph.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          3261,
          1
        ],
        [
          3264,
          1
        ],
        [
          3285,
          1
        ],
        [
          3287,
          1
        ],
        [
          3289,
          1
        ],
        [
          3358,
          1
        ],
        [
          3359,
          1
        ],
        [
          3362,
          1
        ],
        [
          3547,
          1
        ],
        [
          3548,
          1
        ],
        [
          3549,
          1
        ]
      ],
      "expectedPeriod": 6,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-touch-B3/S23-2-osc-v3-2285, density 0.35. The isolated component has period 6. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "catalogueCode": "H08",
      "ruleId": "R09",
      "cataloguePage": 22,
      "measurementText": "Least period p = 6; transient = 0; cycle L = 10-13; cycle territory = 15 tiles; cycle minimum boundary distance = 25.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hat-conway-p6",
        "title": "Hat Conway p6",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "depth": 4,
        "seed": [
          [
            3261,
            1
          ],
          [
            3264,
            1
          ],
          [
            3285,
            1
          ],
          [
            3287,
            1
          ],
          [
            3289,
            1
          ],
          [
            3358,
            1
          ],
          [
            3359,
            1
          ],
          [
            3362,
            1
          ],
          [
            3547,
            1
          ],
          [
            3548,
            1
          ],
          [
            3549,
            1
          ]
        ],
        "scientificClaim": "An isolated oscillator of exact least period 6 under B3/S23 with two states on the Hat touch graph. The union of occupied tiles over its complete cycle has 15 tiles, while the instantaneous live population ranges from 10 to 13.",
        "limitations": "The standard rule-family name does not imply that this Hat configuration was published previously. No earlier exact configuration was identified in the reviewed sources; historical priority is unestablished. The full labelled state, not a population count or partial image, is used for recurrence verification.",
        "illustrationGenerations": [
          0,
          2,
          4,
          6
        ],
        "metrics": {
          "leastPeriod": 6,
          "supportTiles": 15,
          "minimumLive": 10,
          "maximumLive": 13,
          "minimumBoundaryDistance": 25
        },
        "specialEvidence": [],
        "verification": {
          "id": "hat-conway-p6",
          "title": "Hat Conway p6",
          "category": "Einstein-hat Conway oscillators",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 6,
          "minimumAlive": 10,
          "maximumAlive": 13,
          "supportCells": 15,
          "minimumBoundaryDistance": 25,
          "center": [
            10.074359035491943,
            12.457442283630371
          ],
          "radius": 5.323286821587096
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-touch-B3/S23-2-osc-v3-2285, density 0.35. The isolated component has period 6. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "research/mine-oscillators.js"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-conway-p6",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "93b29ec07c2f1318c610ee39c3bdce139ad75e744be62015fe9208a7b4a52aa3",
        "initialCellStates": [
          [
            3261,
            1
          ],
          [
            3264,
            1
          ],
          [
            3285,
            1
          ],
          [
            3287,
            1
          ],
          [
            3289,
            1
          ],
          [
            3358,
            1
          ],
          [
            3359,
            1
          ],
          [
            3362,
            1
          ],
          [
            3547,
            1
          ],
          [
            3548,
            1
          ],
          [
            3549,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              3261,
              1
            ],
            [
              3264,
              1
            ],
            [
              3285,
              1
            ],
            [
              3287,
              1
            ],
            [
              3289,
              1
            ],
            [
              3358,
              1
            ],
            [
              3359,
              1
            ],
            [
              3362,
              1
            ],
            [
              3547,
              1
            ],
            [
              3548,
              1
            ],
            [
              3549,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 3,
          "minimumNonzero": 10,
          "maximumNonzero": 12,
          "minimumLive": 10,
          "maximumLive": 12,
          "minimumBoundaryDistance": 25,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 11,
          "live": 11,
          "stateCounts": [
            7910,
            11
          ],
          "minimumBoundaryDistance": 25,
          "nonzeroCentroid": [
            9.569930119947953,
            12.518003550442783
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "aee760361c2351e6809f76abfe26afe473828114a3e5474efa9d5b448d180a2d",
          "bounds": [
            2.75,
            5.196152210235596,
            17,
            19.9185848236084
          ]
        },
        {
          "t": 1,
          "active": 10,
          "live": 10,
          "stateCounts": [
            7911,
            10
          ],
          "minimumBoundaryDistance": 25,
          "nonzeroCentroid": [
            9.046153879165649,
            12.910440158843993
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "dd39cdd882dbd6ab3ca4098dcdf96c2f85988bcbabbfb46523d2eaa79bedd8f5",
          "bounds": [
            2.75,
            5.196152210235596,
            15.5,
            19.9185848236084
          ]
        },
        {
          "t": 3,
          "active": 12,
          "live": 12,
          "stateCounts": [
            7909,
            12
          ],
          "minimumBoundaryDistance": 25,
          "nonzeroCentroid": [
            9.75000003973643,
            12.668397188186646
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "650e41acea119d58e99ff6a8abf4a7149d12e5119342d0ed2686445b58ef3fe2",
          "bounds": [
            2.75,
            5.196152210235596,
            16.25,
            19.9185848236084
          ]
        }
      ]
    },
    {
      "id": "hat-conway-p9",
      "category": "Einstein-hat Conway oscillators",
      "title": "Hat Conway p9",
      "summary": "A compact isolated period-9 Conway oscillator on the hat touch graph.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          1509,
          1
        ],
        [
          1595,
          1
        ],
        [
          1596,
          1
        ],
        [
          1600,
          1
        ],
        [
          1602,
          1
        ],
        [
          3444,
          1
        ],
        [
          3448,
          1
        ],
        [
          3449,
          1
        ]
      ],
      "expectedPeriod": 9,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Extracted from the package’s deterministic Conway-rule soup hat-touch-osc-61 at density 0.30. The whole soup has period 18; the isolated catalogue component has period 9. The name credits Conway’s B3/S23 rule, not authorship of this hat configuration. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "catalogueCode": "H09",
      "ruleId": "R09",
      "cataloguePage": 23,
      "measurementText": "Least period p = 9; transient = 0; cycle L = 8-9; cycle territory = 11 tiles; cycle minimum boundary distance = 16.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hat-conway-p9",
        "title": "Hat Conway p9",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "depth": 4,
        "seed": [
          [
            1509,
            1
          ],
          [
            1595,
            1
          ],
          [
            1596,
            1
          ],
          [
            1600,
            1
          ],
          [
            1602,
            1
          ],
          [
            3444,
            1
          ],
          [
            3448,
            1
          ],
          [
            3449,
            1
          ]
        ],
        "scientificClaim": "An isolated oscillator of exact least period 9 under B3/S23 with two states on the Hat touch graph. The union of occupied tiles over its complete cycle has 11 tiles, while the instantaneous live population ranges from 8 to 9.",
        "limitations": "The standard rule-family name does not imply that this Hat configuration was published previously. No earlier exact configuration was identified in the reviewed sources; historical priority is unestablished. The full labelled state, not a population count or partial image, is used for recurrence verification.",
        "illustrationGenerations": [
          0,
          3,
          6,
          9
        ],
        "metrics": {
          "leastPeriod": 9,
          "supportTiles": 11,
          "minimumLive": 8,
          "maximumLive": 9,
          "minimumBoundaryDistance": 16
        },
        "specialEvidence": [],
        "verification": {
          "id": "hat-conway-p9",
          "title": "Hat Conway p9",
          "category": "Einstein-hat Conway oscillators",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 9,
          "minimumAlive": 8,
          "maximumAlive": 9,
          "supportCells": 11,
          "minimumBoundaryDistance": 16,
          "center": [
            38.78671299327504,
            -1.1567192375659898
          ],
          "radius": 4.916455173399217
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Extracted from the package’s deterministic Conway-rule soup hat-touch-osc-61 at density 0.30. The whole soup has period 18; the isolated catalogue component has period 9. The name credits Conway’s B3/S23 rule, not authorship of this hat configuration. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "research/mine-oscillators.js"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-conway-p9",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "93b29ec07c2f1318c610ee39c3bdce139ad75e744be62015fe9208a7b4a52aa3",
        "initialCellStates": [
          [
            1509,
            1
          ],
          [
            1595,
            1
          ],
          [
            1596,
            1
          ],
          [
            1600,
            1
          ],
          [
            1602,
            1
          ],
          [
            3444,
            1
          ],
          [
            3448,
            1
          ],
          [
            3449,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              1509,
              1
            ],
            [
              1595,
              1
            ],
            [
              1596,
              1
            ],
            [
              1600,
              1
            ],
            [
              1602,
              1
            ],
            [
              3444,
              1
            ],
            [
              3448,
              1
            ],
            [
              3449,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 4,
          "minimumNonzero": 8,
          "maximumNonzero": 9,
          "minimumLive": 8,
          "maximumLive": 9,
          "minimumBoundaryDistance": 16,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 8,
          "live": 8,
          "stateCounts": [
            7913,
            8
          ],
          "minimumBoundaryDistance": 16,
          "nonzeroCentroid": [
            38.04807662963867,
            -0.8327167369425237
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "de9b2014b8bdb31ff009134369680103d69b27cdb50c6b02cfb0f42af85ffd1e",
          "bounds": [
            30.5,
            -6.062177658081055,
            46.25,
            3.8971142768859863
          ]
        },
        {
          "t": 2,
          "active": 9,
          "live": 9,
          "stateCounts": [
            7912,
            9
          ],
          "minimumBoundaryDistance": 16,
          "nonzeroCentroid": [
            38.16666624281142,
            -1.2953371339374065
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "74d4cd8ae15ee649b09e27d45aa82f9b713f8641c3c11423c525f61cc4cdeffd",
          "bounds": [
            30.5,
            -6.928203105926514,
            44.75,
            3.8971142768859863
          ]
        },
        {
          "t": 4,
          "active": 8,
          "live": 8,
          "stateCounts": [
            7913,
            8
          ],
          "minimumBoundaryDistance": 16,
          "nonzeroCentroid": [
            38.240384101867676,
            -1.4322727769613206
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "5a8ee4b1b0d4fbc52906d5837a60ffe26ae0ba58df5a66c578b50b848f83e582",
          "bounds": [
            30.5,
            -6.928203105926514,
            44.75,
            3.8971142768859863
          ]
        }
      ]
    },
    {
      "id": "hat-conway-p26",
      "category": "Einstein-hat Conway oscillators",
      "title": "Hat Conway p26",
      "summary": "A compact isolated period-26 Conway oscillator on the Einstein-hat touch graph.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 8,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          3468,
          1
        ],
        [
          3469,
          1
        ],
        [
          3470,
          1
        ],
        [
          3473,
          1
        ],
        [
          3475,
          1
        ],
        [
          3480,
          1
        ],
        [
          3485,
          1
        ],
        [
          3486,
          1
        ],
        [
          3487,
          1
        ],
        [
          3488,
          1
        ]
      ],
      "expectedPeriod": 26,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Extracted from the package’s deterministic Conway-rule soup hat-touch-osc-27 at density 0.35. The isolated catalogue component has period 26. The name credits Conway’s B3/S23 rule, not authorship of this hat configuration. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "catalogueCode": "H10",
      "ruleId": "R09",
      "cataloguePage": 24,
      "measurementText": "Least period p = 26; transient = 0; cycle L = 6-10; cycle territory = 14 tiles; cycle minimum boundary distance = 30.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hat-conway-p26",
        "title": "Hat Conway p26",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "depth": 4,
        "seed": [
          [
            3468,
            1
          ],
          [
            3469,
            1
          ],
          [
            3470,
            1
          ],
          [
            3473,
            1
          ],
          [
            3475,
            1
          ],
          [
            3480,
            1
          ],
          [
            3485,
            1
          ],
          [
            3486,
            1
          ],
          [
            3487,
            1
          ],
          [
            3488,
            1
          ]
        ],
        "scientificClaim": "An isolated oscillator of exact least period 26 under B3/S23 with two states on the Hat touch graph. The union of occupied tiles over its complete cycle has 14 tiles, while the instantaneous live population ranges from 6 to 10.",
        "limitations": "The standard rule-family name does not imply that this Hat configuration was published previously. No earlier exact configuration was identified in the reviewed sources; historical priority is unestablished. The full labelled state, not a population count or partial image, is used for recurrence verification.",
        "illustrationGenerations": [
          0,
          8,
          17,
          26
        ],
        "metrics": {
          "leastPeriod": 26,
          "supportTiles": 14,
          "minimumLive": 6,
          "maximumLive": 10,
          "minimumBoundaryDistance": 30
        },
        "specialEvidence": [],
        "verification": {
          "id": "hat-conway-p26",
          "title": "Hat Conway p26",
          "category": "Einstein-hat Conway oscillators",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 26,
          "minimumAlive": 6,
          "maximumAlive": 10,
          "supportCells": 14,
          "minimumBoundaryDistance": 30,
          "center": [
            -6.200549466269357,
            3.744846118347984
          ],
          "radius": 4.7261280349585695
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Extracted from the package’s deterministic Conway-rule soup hat-touch-osc-27 at density 0.35. The isolated catalogue component has period 26. The name credits Conway’s B3/S23 rule, not authorship of this hat configuration. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "research/mine-oscillators.js"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-conway-p26",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "93b29ec07c2f1318c610ee39c3bdce139ad75e744be62015fe9208a7b4a52aa3",
        "initialCellStates": [
          [
            3468,
            1
          ],
          [
            3469,
            1
          ],
          [
            3470,
            1
          ],
          [
            3473,
            1
          ],
          [
            3475,
            1
          ],
          [
            3480,
            1
          ],
          [
            3485,
            1
          ],
          [
            3486,
            1
          ],
          [
            3487,
            1
          ],
          [
            3488,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              3468,
              1
            ],
            [
              3469,
              1
            ],
            [
              3470,
              1
            ],
            [
              3473,
              1
            ],
            [
              3475,
              1
            ],
            [
              3480,
              1
            ],
            [
              3485,
              1
            ],
            [
              3486,
              1
            ],
            [
              3487,
              1
            ],
            [
              3488,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 13,
          "minimumNonzero": 6,
          "maximumNonzero": 10,
          "minimumLive": 6,
          "maximumLive": 10,
          "minimumBoundaryDistance": 30,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 10,
          "live": 10,
          "stateCounts": [
            7911,
            10
          ],
          "minimumBoundaryDistance": 30,
          "nonzeroCentroid": [
            -6.442307710647583,
            3.3108817279338822
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "0c66914d631254ce70aee7ab72a78fc0248a98cbf70dba99e847bff124eed101",
          "bounds": [
            -12.25,
            -4.330127239227295,
            -1,
            9.9592924118042
          ]
        },
        {
          "t": 6,
          "active": 6,
          "live": 6,
          "stateCounts": [
            7915,
            6
          ],
          "minimumBoundaryDistance": 30,
          "nonzeroCentroid": [
            -6.128205219904582,
            2.886751333872475
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4761bf459115bf5076772826c5107be02ee6be3c3bfa87646a48527ebd5bc2d6",
          "bounds": [
            -11.5,
            -3.0310888290405273,
            -0.25,
            9.9592924118042
          ]
        },
        {
          "t": 13,
          "active": 10,
          "live": 10,
          "stateCounts": [
            7911,
            10
          ],
          "minimumBoundaryDistance": 30,
          "nonzeroCentroid": [
            -5.9923077583312985,
            4.183568835258482
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "36d03db317fcda1a46a5a3df3720d0bcf43b9a80434c9d602315a30a4e500720",
          "bounds": [
            -11.5,
            -3.0310888290405273,
            -0.25,
            12.12435531616211
          ]
        }
      ]
    },
    {
      "id": "hat-edge-conway-p15",
      "category": "Einstein-hat Conway oscillators",
      "title": "Hat edge-graph p15",
      "summary": "A period-15 Conway oscillator on the shared-edge hat graph.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "edge",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 10,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          2899,
          1
        ],
        [
          2907,
          1
        ],
        [
          2908,
          1
        ],
        [
          2909,
          1
        ],
        [
          2910,
          1
        ],
        [
          2914,
          1
        ],
        [
          2915,
          1
        ],
        [
          2940,
          1
        ],
        [
          7297,
          1
        ],
        [
          7298,
          1
        ],
        [
          7299,
          1
        ],
        [
          7301,
          1
        ],
        [
          7302,
          1
        ],
        [
          7315,
          1
        ],
        [
          7319,
          1
        ],
        [
          7322,
          1
        ],
        [
          7325,
          1
        ],
        [
          7326,
          1
        ],
        [
          7327,
          1
        ],
        [
          7335,
          1
        ],
        [
          7337,
          1
        ],
        [
          7340,
          1
        ],
        [
          7403,
          1
        ],
        [
          7406,
          1
        ],
        [
          7416,
          1
        ],
        [
          7417,
          1
        ]
      ],
      "expectedPeriod": 15,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B3/S23-2-osc-v3-467, density 0.35. This is an exact period-15 component on the shared-edge hat graph, using Conway’s B3/S23 counts. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "catalogueCode": "H11",
      "ruleId": "R06",
      "cataloguePage": 25,
      "measurementText": "Least period p = 15; transient = 0; cycle L = 24-29; cycle territory = 31 tiles; cycle minimum boundary distance = 6.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hat-edge-conway-p15",
        "title": "Hat edge-graph p15",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "edge",
        "depth": 4,
        "seed": [
          [
            2899,
            1
          ],
          [
            2907,
            1
          ],
          [
            2908,
            1
          ],
          [
            2909,
            1
          ],
          [
            2910,
            1
          ],
          [
            2914,
            1
          ],
          [
            2915,
            1
          ],
          [
            2940,
            1
          ],
          [
            7297,
            1
          ],
          [
            7298,
            1
          ],
          [
            7299,
            1
          ],
          [
            7301,
            1
          ],
          [
            7302,
            1
          ],
          [
            7315,
            1
          ],
          [
            7319,
            1
          ],
          [
            7322,
            1
          ],
          [
            7325,
            1
          ],
          [
            7326,
            1
          ],
          [
            7327,
            1
          ],
          [
            7335,
            1
          ],
          [
            7337,
            1
          ],
          [
            7340,
            1
          ],
          [
            7403,
            1
          ],
          [
            7406,
            1
          ],
          [
            7416,
            1
          ],
          [
            7417,
            1
          ]
        ],
        "scientificClaim": "An isolated oscillator of exact least period 15 under B3/S23 with two states on the Hat shared-edge graph. The union of occupied tiles over its complete cycle has 31 tiles, while the instantaneous live population ranges from 24 to 29.",
        "limitations": "The standard rule-family name does not imply that this Hat configuration was published previously. No earlier exact configuration was identified in the reviewed sources; historical priority is unestablished. The full labelled state, not a population count or partial image, is used for recurrence verification.",
        "illustrationGenerations": [
          0,
          5,
          10,
          15
        ],
        "metrics": {
          "leastPeriod": 15,
          "supportTiles": 31,
          "minimumLive": 24,
          "maximumLive": 29,
          "minimumBoundaryDistance": 6
        },
        "specialEvidence": [],
        "verification": {
          "id": "hat-edge-conway-p15",
          "title": "Hat edge-graph p15",
          "category": "Einstein-hat Conway oscillators",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "edge",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 15,
          "minimumAlive": 24,
          "maximumAlive": 29,
          "supportCells": 31,
          "minimumBoundaryDistance": 6,
          "center": [
            42.78908181959583,
            49.0690425749748
          ],
          "radius": 8.406226147622364
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B3/S23-2-osc-v3-467, density 0.35. This is an exact period-15 component on the shared-edge hat graph, using Conway’s B3/S23 counts. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "research/mine-oscillators.js"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-edge-conway-p15",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "13b9a51b09e81b14fc01fe21bc17f039f15414322283328735b1022aea923be8",
        "initialCellStates": [
          [
            2899,
            1
          ],
          [
            2907,
            1
          ],
          [
            2908,
            1
          ],
          [
            2909,
            1
          ],
          [
            2910,
            1
          ],
          [
            2914,
            1
          ],
          [
            2915,
            1
          ],
          [
            2940,
            1
          ],
          [
            7297,
            1
          ],
          [
            7298,
            1
          ],
          [
            7299,
            1
          ],
          [
            7301,
            1
          ],
          [
            7302,
            1
          ],
          [
            7315,
            1
          ],
          [
            7319,
            1
          ],
          [
            7322,
            1
          ],
          [
            7325,
            1
          ],
          [
            7326,
            1
          ],
          [
            7327,
            1
          ],
          [
            7335,
            1
          ],
          [
            7337,
            1
          ],
          [
            7340,
            1
          ],
          [
            7403,
            1
          ],
          [
            7406,
            1
          ],
          [
            7416,
            1
          ],
          [
            7417,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              2899,
              1
            ],
            [
              2907,
              1
            ],
            [
              2908,
              1
            ],
            [
              2909,
              1
            ],
            [
              2910,
              1
            ],
            [
              2914,
              1
            ],
            [
              2915,
              1
            ],
            [
              2940,
              1
            ],
            [
              7297,
              1
            ],
            [
              7298,
              1
            ],
            [
              7299,
              1
            ],
            [
              7301,
              1
            ],
            [
              7302,
              1
            ],
            [
              7315,
              1
            ],
            [
              7319,
              1
            ],
            [
              7322,
              1
            ],
            [
              7325,
              1
            ],
            [
              7326,
              1
            ],
            [
              7327,
              1
            ],
            [
              7335,
              1
            ],
            [
              7337,
              1
            ],
            [
              7340,
              1
            ],
            [
              7403,
              1
            ],
            [
              7406,
              1
            ],
            [
              7416,
              1
            ],
            [
              7417,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 7,
          "minimumNonzero": 24,
          "maximumNonzero": 27,
          "minimumLive": 24,
          "maximumLive": 27,
          "minimumBoundaryDistance": 6,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 26,
          "live": 26,
          "stateCounts": [
            7895,
            26
          ],
          "minimumBoundaryDistance": 6,
          "nonzeroCentroid": [
            43.637573829064,
            49.00217731182392
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6c72de6c04a3178b6b5dd0a979ad54021cb608ae2b09f2157d3802b44df628b8",
          "bounds": [
            32.5,
            41.136207580566406,
            54.5,
            57.59069061279297
          ]
        },
        {
          "t": 3,
          "active": 27,
          "live": 27,
          "stateCounts": [
            7894,
            27
          ],
          "minimumBoundaryDistance": 6,
          "nonzeroCentroid": [
            43.34472924691659,
            49.12905403419777
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "c87b2cecc673439f8f194007e79c07ba7d2f03ae110c6952f98e3ce4b3c3b23d",
          "bounds": [
            32,
            41.136207580566406,
            54.5,
            57.59069061279297
          ]
        },
        {
          "t": 7,
          "active": 27,
          "live": 27,
          "stateCounts": [
            7894,
            27
          ],
          "minimumBoundaryDistance": 6,
          "nonzeroCentroid": [
            42.72079764472114,
            48.83297687106662
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "ef082ff92585912ceb8dadfbb0fa3983f716322795e7354222d5751524b34971",
          "bounds": [
            32.5,
            41.136207580566406,
            54.5,
            57.59069061279297
          ]
        }
      ]
    },
    {
      "id": "hat-seeds-p8",
      "category": "Alternative-rule aperiodic oscillators",
      "title": "Hat Seeds p8",
      "summary": "Only four live cells are needed for this isolated period-8 oscillator under B2/S on the shared-edge hat graph.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "edge",
      "rule": "B2/S",
      "generations": 2,
      "borderRings": 1,
      "speed": 8,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          2484,
          1
        ],
        [
          2492,
          1
        ],
        [
          2493,
          1
        ],
        [
          2498,
          1
        ]
      ],
      "expectedPeriod": 8,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B2/S-2-osc-v3-97, density 0.04. The four-live-cell catalogue phase has period 8 on the shared-edge hat graph. Seeds names the B2/S rule family; it does not identify a published source for this particular configuration. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "catalogueCode": "H12",
      "ruleId": "R01",
      "cataloguePage": 26,
      "measurementText": "Least period p = 8; transient = 0; cycle L = 4-5; cycle territory = 12 tiles; cycle minimum boundary distance = 13.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hat-seeds-p8",
        "title": "Hat Seeds p8",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B2/S",
        "states": 2,
        "neighbourhood": "edge",
        "depth": 4,
        "seed": [
          [
            2484,
            1
          ],
          [
            2492,
            1
          ],
          [
            2493,
            1
          ],
          [
            2498,
            1
          ]
        ],
        "scientificClaim": "An isolated oscillator of exact least period 8 under B2/S with two states on the Hat shared-edge graph. The union of occupied tiles over its complete cycle has 12 tiles, while the instantaneous live population ranges from 4 to 5.",
        "limitations": "The standard rule-family name does not imply that this Hat configuration was published previously. No earlier exact configuration was identified in the reviewed sources; historical priority is unestablished. The full labelled state, not a population count or partial image, is used for recurrence verification.",
        "illustrationGenerations": [
          0,
          2,
          5,
          8
        ],
        "metrics": {
          "leastPeriod": 8,
          "supportTiles": 12,
          "minimumLive": 4,
          "maximumLive": 5,
          "minimumBoundaryDistance": 13
        },
        "specialEvidence": [],
        "verification": {
          "id": "hat-seeds-p8",
          "title": "Hat Seeds p8",
          "category": "Alternative-rule aperiodic oscillators",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "edge",
          "rule": "B2/S",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 8,
          "minimumAlive": 4,
          "maximumAlive": 5,
          "supportCells": 12,
          "minimumBoundaryDistance": 13,
          "center": [
            -2.8750000217308602,
            43.19579315185547
          ],
          "radius": 4.179778115745649
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B2/S-2-osc-v3-97, density 0.04. The four-live-cell catalogue phase has period 8 on the shared-edge hat graph. Seeds names the B2/S rule family; it does not identify a published source for this particular configuration. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "research/mine-oscillators.js"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-seeds-p8",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "13b9a51b09e81b14fc01fe21bc17f039f15414322283328735b1022aea923be8",
        "initialCellStates": [
          [
            2484,
            1
          ],
          [
            2492,
            1
          ],
          [
            2493,
            1
          ],
          [
            2498,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              2484,
              1
            ],
            [
              2492,
              1
            ],
            [
              2493,
              1
            ],
            [
              2498,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 4,
          "minimumNonzero": 4,
          "maximumNonzero": 5,
          "minimumLive": 4,
          "maximumLive": 5,
          "minimumBoundaryDistance": 13,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 4,
          "live": 4,
          "stateCounts": [
            7917,
            4
          ],
          "minimumBoundaryDistance": 14,
          "nonzeroCentroid": [
            -3.5288461446762085,
            43.35123348236084
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4dfccab8d38cf6f25423e594816e33584800dc873fb9adae9d5d2cd494edb797",
          "bounds": [
            -9.25,
            38.97114181518555,
            2,
            48.49742126464844
          ]
        },
        {
          "t": 2,
          "active": 5,
          "live": 5,
          "stateCounts": [
            7916,
            5
          ],
          "minimumBoundaryDistance": 14,
          "nonzeroCentroid": [
            -2.953846161067486,
            43.6476806640625
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "28fcab5d75351bf26bf2ef9ab72136b130436135bfb5f4299773f605e33a52ed",
          "bounds": [
            -9.25,
            38.97114181518555,
            3.5,
            48.49742126464844
          ]
        },
        {
          "t": 4,
          "active": 4,
          "live": 4,
          "stateCounts": [
            7917,
            4
          ],
          "minimumBoundaryDistance": 14,
          "nonzeroCentroid": [
            -2.6923077013343573,
            42.86825752258301
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "ceaecca431c72af03ea94c3b4aa30debf5f830f40e5c6905ed1c9caf00fbdfee",
          "bounds": [
            -9.25,
            38.97114181518555,
            3.5,
            48.49742126464844
          ]
        }
      ]
    },
    {
      "id": "hat-b23-p20",
      "category": "Alternative-rule aperiodic oscillators",
      "title": "Hat B23/S p20",
      "summary": "A thirteen-cell phase of an isolated period-20 oscillator under B23/S with shared-edge adjacency.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "edge",
      "rule": "B23/S",
      "generations": 2,
      "borderRings": 1,
      "speed": 12,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          1102,
          1
        ],
        [
          1112,
          1
        ],
        [
          1115,
          1
        ],
        [
          1129,
          1
        ],
        [
          1130,
          1
        ],
        [
          1134,
          1
        ],
        [
          1139,
          1
        ],
        [
          2612,
          1
        ],
        [
          2616,
          1
        ],
        [
          3197,
          1
        ],
        [
          3209,
          1
        ],
        [
          3222,
          1
        ],
        [
          3257,
          1
        ]
      ],
      "expectedPeriod": 20,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-333, density 0.12. The whole soup has period 60; the isolated catalogue component has period 20. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "catalogueCode": "H13",
      "ruleId": "R05",
      "cataloguePage": 27,
      "measurementText": "Least period p = 20; transient = 0; cycle L = 10-16; cycle territory = 32 tiles; cycle minimum boundary distance = 15.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hat-b23-p20",
        "title": "Hat B23/S p20",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B23/S",
        "states": 2,
        "neighbourhood": "edge",
        "depth": 4,
        "seed": [
          [
            1102,
            1
          ],
          [
            1112,
            1
          ],
          [
            1115,
            1
          ],
          [
            1129,
            1
          ],
          [
            1130,
            1
          ],
          [
            1134,
            1
          ],
          [
            1139,
            1
          ],
          [
            2612,
            1
          ],
          [
            2616,
            1
          ],
          [
            3197,
            1
          ],
          [
            3209,
            1
          ],
          [
            3222,
            1
          ],
          [
            3257,
            1
          ]
        ],
        "scientificClaim": "An isolated oscillator of exact least period 20 under B23/S with two states on the Hat shared-edge graph. The union of occupied tiles over its complete cycle has 32 tiles, while the instantaneous live population ranges from 10 to 16.",
        "limitations": "The standard rule-family name does not imply that this Hat configuration was published previously. No earlier exact configuration was identified in the reviewed sources; historical priority is unestablished. The full labelled state, not a population count or partial image, is used for recurrence verification.",
        "illustrationGenerations": [
          0,
          6,
          13,
          20
        ],
        "metrics": {
          "leastPeriod": 20,
          "supportTiles": 32,
          "minimumLive": 10,
          "maximumLive": 16,
          "minimumBoundaryDistance": 15
        },
        "specialEvidence": [],
        "verification": {
          "id": "hat-b23-p20",
          "title": "Hat B23/S p20",
          "category": "Alternative-rule aperiodic oscillators",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "edge",
          "rule": "B23/S",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 20,
          "minimumAlive": 10,
          "maximumAlive": 16,
          "supportCells": 32,
          "minimumBoundaryDistance": 15,
          "center": [
            -21.07331734895706,
            30.425387859344482
          ],
          "radius": 10.014334628197947
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-333, density 0.12. The whole soup has period 60; the isolated catalogue component has period 20. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "research/mine-oscillators.js"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-b23-p20",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B23/S",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "13b9a51b09e81b14fc01fe21bc17f039f15414322283328735b1022aea923be8",
        "initialCellStates": [
          [
            1102,
            1
          ],
          [
            1112,
            1
          ],
          [
            1115,
            1
          ],
          [
            1129,
            1
          ],
          [
            1130,
            1
          ],
          [
            1134,
            1
          ],
          [
            1139,
            1
          ],
          [
            2612,
            1
          ],
          [
            2616,
            1
          ],
          [
            3197,
            1
          ],
          [
            3209,
            1
          ],
          [
            3222,
            1
          ],
          [
            3257,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              1102,
              1
            ],
            [
              1112,
              1
            ],
            [
              1115,
              1
            ],
            [
              1129,
              1
            ],
            [
              1130,
              1
            ],
            [
              1134,
              1
            ],
            [
              1139,
              1
            ],
            [
              2612,
              1
            ],
            [
              2616,
              1
            ],
            [
              3197,
              1
            ],
            [
              3209,
              1
            ],
            [
              3222,
              1
            ],
            [
              3257,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 10,
          "minimumNonzero": 10,
          "maximumNonzero": 15,
          "minimumLive": 10,
          "maximumLive": 15,
          "minimumBoundaryDistance": 15,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 13,
          "live": 13,
          "stateCounts": [
            7908,
            13
          ],
          "minimumBoundaryDistance": 15,
          "nonzeroCentroid": [
            -21.017751547006462,
            30.541487767146183
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "aaa1d040e867d2ba9de39a8c0a866ffbe961867f2fb6709d0c307536a224f495",
          "bounds": [
            -28.75,
            19.9185848236084,
            -13.75,
            42.00223159790039
          ]
        },
        {
          "t": 5,
          "active": 10,
          "live": 10,
          "stateCounts": [
            7911,
            10
          ],
          "minimumBoundaryDistance": 15,
          "nonzeroCentroid": [
            -21.0615385055542,
            31.150267791748046
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "26baeb104ffaac8bcf932c90a3c72177136a355336e8b6bca7b0f553d1d1cb65",
          "bounds": [
            -27.25,
            19.485570907592773,
            -13,
            43.30126953125
          ]
        },
        {
          "t": 10,
          "active": 13,
          "live": 13,
          "stateCounts": [
            7908,
            13
          ],
          "minimumBoundaryDistance": 15,
          "nonzeroCentroid": [
            -20.556213085468,
            30.479994847224308
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "70054135ee384b6d001a97dec5b1fa2e037d6773a33c230c5ead639cc8f25d40",
          "bounds": [
            -28.75,
            19.9185848236084,
            -13.75,
            42.00223159790039
          ]
        }
      ]
    },
    {
      "id": "hat-b23-p24",
      "category": "Alternative-rule aperiodic oscillators",
      "title": "Hat B23/S p24",
      "summary": "A particularly compact eight-cell phase of an isolated period-24 shared-edge oscillator.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "edge",
      "rule": "B23/S",
      "generations": 2,
      "borderRings": 1,
      "speed": 14,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          2641,
          1
        ],
        [
          2643,
          1
        ],
        [
          2649,
          1
        ],
        [
          2703,
          1
        ],
        [
          2715,
          1
        ],
        [
          2733,
          1
        ],
        [
          2818,
          1
        ],
        [
          3302,
          1
        ]
      ],
      "expectedPeriod": 24,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-748, density 0.10. The eight-live-cell catalogue phase has period 24. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "catalogueCode": "H14",
      "ruleId": "R05",
      "cataloguePage": 28,
      "measurementText": "Least period p = 24; transient = 0; cycle L = 8-11; cycle territory = 21 tiles; cycle minimum boundary distance = 21.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hat-b23-p24",
        "title": "Hat B23/S p24",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B23/S",
        "states": 2,
        "neighbourhood": "edge",
        "depth": 4,
        "seed": [
          [
            2641,
            1
          ],
          [
            2643,
            1
          ],
          [
            2649,
            1
          ],
          [
            2703,
            1
          ],
          [
            2715,
            1
          ],
          [
            2733,
            1
          ],
          [
            2818,
            1
          ],
          [
            3302,
            1
          ]
        ],
        "scientificClaim": "An isolated oscillator of exact least period 24 under B23/S with two states on the Hat shared-edge graph. The union of occupied tiles over its complete cycle has 21 tiles, while the instantaneous live population ranges from 8 to 11.",
        "limitations": "The standard rule-family name does not imply that this Hat configuration was published previously. No earlier exact configuration was identified in the reviewed sources; historical priority is unestablished. The full labelled state, not a population count or partial image, is used for recurrence verification.",
        "illustrationGenerations": [
          0,
          8,
          16,
          24
        ],
        "metrics": {
          "leastPeriod": 24,
          "supportTiles": 21,
          "minimumLive": 8,
          "maximumLive": 11,
          "minimumBoundaryDistance": 21
        },
        "specialEvidence": [],
        "verification": {
          "id": "hat-b23-p24",
          "title": "Hat B23/S p24",
          "category": "Alternative-rule aperiodic oscillators",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "edge",
          "rule": "B23/S",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 24,
          "minimumAlive": 8,
          "maximumAlive": 11,
          "supportCells": 21,
          "minimumBoundaryDistance": 21,
          "center": [
            6.463370029060614,
            24.93074607849121
          ],
          "radius": 8.579249583182927
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-748, density 0.10. The eight-live-cell catalogue phase has period 24. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "research/mine-oscillators.js"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-b23-p24",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B23/S",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "13b9a51b09e81b14fc01fe21bc17f039f15414322283328735b1022aea923be8",
        "initialCellStates": [
          [
            2641,
            1
          ],
          [
            2643,
            1
          ],
          [
            2649,
            1
          ],
          [
            2703,
            1
          ],
          [
            2715,
            1
          ],
          [
            2733,
            1
          ],
          [
            2818,
            1
          ],
          [
            3302,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              2641,
              1
            ],
            [
              2643,
              1
            ],
            [
              2649,
              1
            ],
            [
              2703,
              1
            ],
            [
              2715,
              1
            ],
            [
              2733,
              1
            ],
            [
              2818,
              1
            ],
            [
              3302,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 12,
          "minimumNonzero": 8,
          "maximumNonzero": 11,
          "minimumLive": 8,
          "maximumLive": 11,
          "minimumBoundaryDistance": 21,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 8,
          "live": 8,
          "stateCounts": [
            7913,
            8
          ],
          "minimumBoundaryDistance": 21,
          "nonzeroCentroid": [
            6.548077042214572,
            24.981502294540405
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "acaaf3dc1bbb15370c00b1967a8a7f1029d364ee64c891e4c0e8f8b66223cd41",
          "bounds": [
            -3.5,
            19.05255889892578,
            17,
            30.7439022064209
          ]
        },
        {
          "t": 6,
          "active": 9,
          "live": 9,
          "stateCounts": [
            7912,
            9
          ],
          "minimumBoundaryDistance": 21,
          "nonzeroCentroid": [
            6.833333488139841,
            24.87787522210015
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "bd7f612003ae40cc47e645acbaf634d2cb2847c39e788935147aa94e9408f14f",
          "bounds": [
            -3.5,
            19.05255889892578,
            17,
            30.7439022064209
          ]
        },
        {
          "t": 12,
          "active": 8,
          "live": 8,
          "stateCounts": [
            7913,
            8
          ],
          "minimumBoundaryDistance": 21,
          "nonzeroCentroid": [
            6.826923246495426,
            24.44856333732605
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "bb3fb974e8087907983d2e148cd5a87459d6f9f4558c1279e0e60e175b6bf86d",
          "bounds": [
            -3.5,
            19.05255889892578,
            17,
            29.87787628173828
          ]
        }
      ]
    },
    {
      "id": "hat-b23-p28",
      "category": "Alternative-rule aperiodic oscillators",
      "title": "Hat B23/S p28",
      "summary": "A localised B23/S shared-edge oscillator with an exact first return after 28 generations.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "edge",
      "rule": "B23/S",
      "generations": 2,
      "borderRings": 1,
      "speed": 14,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          634,
          1
        ],
        [
          636,
          1
        ],
        [
          639,
          1
        ],
        [
          641,
          1
        ],
        [
          642,
          1
        ],
        [
          644,
          1
        ],
        [
          659,
          1
        ],
        [
          673,
          1
        ],
        [
          4451,
          1
        ],
        [
          4538,
          1
        ],
        [
          4539,
          1
        ],
        [
          4540,
          1
        ],
        [
          4650,
          1
        ],
        [
          4663,
          1
        ],
        [
          4664,
          1
        ],
        [
          4665,
          1
        ],
        [
          4667,
          1
        ],
        [
          4668,
          1
        ]
      ],
      "expectedPeriod": 28,
      "provenance": {
        "status": "package-found",
        "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
        "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-694, density 0.16. The whole soup has period 56; the isolated catalogue component has period 28. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "catalogueCode": "H15",
      "ruleId": "R05",
      "cataloguePage": 29,
      "measurementText": "Least period p = 28; transient = 0; cycle L = 14-20; cycle territory = 37 tiles; cycle minimum boundary distance = 7.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hat-b23-p28",
        "title": "Hat B23/S p28",
        "status": "package-found",
        "recommendedScope": "main-catalogue",
        "rule": "B23/S",
        "states": 2,
        "neighbourhood": "edge",
        "depth": 4,
        "seed": [
          [
            634,
            1
          ],
          [
            636,
            1
          ],
          [
            639,
            1
          ],
          [
            641,
            1
          ],
          [
            642,
            1
          ],
          [
            644,
            1
          ],
          [
            659,
            1
          ],
          [
            673,
            1
          ],
          [
            4451,
            1
          ],
          [
            4538,
            1
          ],
          [
            4539,
            1
          ],
          [
            4540,
            1
          ],
          [
            4650,
            1
          ],
          [
            4663,
            1
          ],
          [
            4664,
            1
          ],
          [
            4665,
            1
          ],
          [
            4667,
            1
          ],
          [
            4668,
            1
          ]
        ],
        "scientificClaim": "An isolated oscillator of exact least period 28 under B23/S with two states on the Hat shared-edge graph. The union of occupied tiles over its complete cycle has 37 tiles, while the instantaneous live population ranges from 14 to 20.",
        "limitations": "The standard rule-family name does not imply that this Hat configuration was published previously. No earlier exact configuration was identified in the reviewed sources; historical priority is unestablished. The full labelled state, not a population count or partial image, is used for recurrence verification.",
        "illustrationGenerations": [
          0,
          9,
          18,
          28
        ],
        "metrics": {
          "leastPeriod": 28,
          "supportTiles": 37,
          "minimumLive": 14,
          "maximumLive": 20,
          "minimumBoundaryDistance": 7
        },
        "specialEvidence": [],
        "verification": {
          "id": "hat-b23-p28",
          "title": "Hat B23/S p28",
          "category": "Alternative-rule aperiodic oscillators",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "edge",
          "rule": "B23/S",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 28,
          "minimumAlive": 14,
          "maximumAlive": 20,
          "supportCells": 37,
          "minimumBoundaryDistance": 7,
          "center": [
            -74.55197597194362,
            1.6798371825669247
          ],
          "radius": 6.9130195675508235
        },
        "provenance": {
          "status": "package-found",
          "credit": "Found in Aperiodic Life searches; earlier priority unestablished",
          "note": "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-694, density 0.16. The whole soup has period 56; the isolated catalogue component has period 28. No earlier publication of this exact configuration was identified in the reviewed sources; this records its origin within the package, not a claim of first discovery.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "research/mine-oscillators.js"
          ]
        },
        "provenanceConcerns": [
          "The package search record documents discovery within this project, not historical priority."
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/mine-oscillators.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-b23-p28",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B23/S",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "13b9a51b09e81b14fc01fe21bc17f039f15414322283328735b1022aea923be8",
        "initialCellStates": [
          [
            634,
            1
          ],
          [
            636,
            1
          ],
          [
            639,
            1
          ],
          [
            641,
            1
          ],
          [
            642,
            1
          ],
          [
            644,
            1
          ],
          [
            659,
            1
          ],
          [
            673,
            1
          ],
          [
            4451,
            1
          ],
          [
            4538,
            1
          ],
          [
            4539,
            1
          ],
          [
            4540,
            1
          ],
          [
            4650,
            1
          ],
          [
            4663,
            1
          ],
          [
            4664,
            1
          ],
          [
            4665,
            1
          ],
          [
            4667,
            1
          ],
          [
            4668,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              634,
              1
            ],
            [
              636,
              1
            ],
            [
              639,
              1
            ],
            [
              641,
              1
            ],
            [
              642,
              1
            ],
            [
              644,
              1
            ],
            [
              659,
              1
            ],
            [
              673,
              1
            ],
            [
              4451,
              1
            ],
            [
              4538,
              1
            ],
            [
              4539,
              1
            ],
            [
              4540,
              1
            ],
            [
              4650,
              1
            ],
            [
              4663,
              1
            ],
            [
              4664,
              1
            ],
            [
              4665,
              1
            ],
            [
              4667,
              1
            ],
            [
              4668,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 14,
          "minimumNonzero": 14,
          "maximumNonzero": 19,
          "minimumLive": 14,
          "maximumLive": 19,
          "minimumBoundaryDistance": 7,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 18,
          "live": 18,
          "stateCounts": [
            7903,
            18
          ],
          "minimumBoundaryDistance": 7,
          "nonzeroCentroid": [
            -73.91666836208768,
            1.565507421890891
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "5a11f056ba9c648bcf1c58f24d7295fd08f808bde8e862c84d5e59a3dfef1d7c",
          "bounds": [
            -81.5,
            -7.794228553771973,
            -66,
            10.392304420471191
          ]
        },
        {
          "t": 7,
          "active": 16,
          "live": 16,
          "stateCounts": [
            7905,
            16
          ],
          "minimumBoundaryDistance": 7,
          "nonzeroCentroid": [
            -74.2475962638855,
            1.61130684427917
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "d99ce99f81b6632c2092a460cf81ddd3fb384b17f724b96f447245d3fab1ccb9",
          "bounds": [
            -82.75,
            -7.794228553771973,
            -64.75,
            11.258330345153809
          ]
        },
        {
          "t": 14,
          "active": 17,
          "live": 17,
          "stateCounts": [
            7904,
            17
          ],
          "minimumBoundaryDistance": 7,
          "nonzeroCentroid": [
            -74.10181157729205,
            1.6575960937668295
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "cb037e24f6daf3986e3c6de4ed4d89dc90b17199b0a4f53f2a6f05c277494b2d",
          "bounds": [
            -81.5,
            -7.794228553771973,
            -66,
            10.392304420471191
          ]
        }
      ]
    },
    {
      "id": "hat-two-row-relay",
      "title": "Hat two-row relay — Spectre variant",
      "tiling": "hat",
      "depth": 5,
      "neighborhood": "touch",
      "rule": "TABLE:HAT-RELAY",
      "generations": 3,
      "cellStates": [
        [
          7293,
          2
        ],
        [
          7295,
          1
        ]
      ],
      "expectedActivityThrough": 235,
      "speed": 6,
      "borderRings": 1,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "category": "Einstein-hat gliders and launchers",
      "summary": "A two-cell seed travels under a three-state rule with just two rows. The mature trajectory matches Edmond’s Spectre relay after relabelling; this is a credited adaptation. Verified through 235 finite generations; the complete support can split.",
      "provenance": {
        "status": "adapted",
        "credit": "Aperiodic Life variant of James Edmond’s Spectre relay",
        "note": "The rule was reached by simplifying the independently evolved wake rule, but comparison identifies the mature generation 60–235 trajectory as Edmond’s published Spectre mechanism under [0,1,2] → [0,3,1]. The global guards and ignition differ. Credit for the reproduced travelling mechanism belongs to Edmond; this is not counted as another independent glider discovery.",
        "sources": [
          {
            "label": "James Edmond’s Hat and Spectre paper",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/continued-search/hat-relay/final-rules.json",
          "research/continued-search/hat-relay/README.md",
          "research/continued-search/verification/README.md"
        ]
      },
      "catalogueCode": "H16",
      "ruleId": "R13",
      "cataloguePage": 30,
      "measurementText": "Catalogue replay through t = 235.",
      "fixedView": false,
      "sourceReferences": [
        2,
        3
      ],
      "audit": {
        "id": "hat-two-row-relay",
        "title": "Hat two-row relay — Spectre variant",
        "status": "adapted",
        "rule": "TABLE:HAT-RELAY",
        "states": 3,
        "neighbourhood": "touch",
        "scientificClaim": "A two-cell seed travels under a three-state rule with just two rows. The mature trajectory matches Edmond’s Spectre relay after relabelling; this is a credited adaptation. Verified through 235 finite generations; the complete support can split.",
        "interpretation": "The two-row priority table propagates a state-labelled signal from the supplied two-cell launch. During the mature checked trajectory, relabelling states 0,1,2 as 0,3,1 reproduces Edmond’s Spectre relay mechanism.",
        "limitations": "The correspondence is a checked mature trajectory (generations 60–235), not global equivalence of the two transition rules. Their ignition and guards differ. Finite travel does not prove indefinite propagation or historical priority.",
        "illustrationGenerations": [
          0,
          60,
          235
        ],
        "provenance": {
          "status": "adapted",
          "credit": "Aperiodic Life variant of James Edmond’s Spectre relay",
          "note": "The rule was reached by simplifying the independently evolved wake rule, but comparison identifies the mature generation 60–235 trajectory as Edmond’s published Spectre mechanism under [0,1,2] → [0,3,1]. The global guards and ignition differ. Credit for the reproduced travelling mechanism belongs to Edmond; this is not counted as another independent glider discovery.",
          "sources": [
            {
              "label": "James Edmond’s Hat and Spectre paper",
              "url": "https://arxiv.org/abs/2609.22579"
            },
            {
              "label": "Edmond’s Glider Compendium",
              "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
            }
          ],
          "evidence": [
            "research/continued-search/hat-relay/final-rules.json",
            "research/continued-search/hat-relay/README.md",
            "research/continued-search/verification/README.md"
          ]
        },
        "sources": [
          {
            "label": "James Edmond’s Hat and Spectre paper",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/continued-search/hat-relay/final-rules.json",
          "research/continued-search/hat-relay/README.md",
          "research/continued-search/verification/README.md"
        ],
        "verification": {
          "id": "hat-two-row-relay",
          "title": "Hat two-row relay — Spectre variant",
          "category": "Einstein-hat gliders and launchers",
          "tiling": "hat",
          "cells": 54289,
          "neighborhood": "touch",
          "rule": "TABLE:HAT-RELAY",
          "generations": 3,
          "kind": "long-lived compact seed",
          "verifiedThrough": 235,
          "finalAlive": 4,
          "finalChanged": 10,
          "maximumAlive": 10,
          "totalChanged": 2440,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 5,
              "changed": 11
            },
            {
              "generation": 100,
              "alive": 5,
              "changed": 11
            },
            {
              "generation": 150,
              "alive": 5,
              "changed": 11
            },
            {
              "generation": 200,
              "alive": 5,
              "changed": 11
            },
            {
              "generation": 235,
              "alive": 4,
              "changed": 10
            }
          ]
        },
        "metrics": {
          "maximumAlive": 10,
          "verifiedThrough": 235
        },
        "provenanceConfidence": "Parent rule, mechanism or seed is identified; changed-rule behaviour is a package adaptation and historical priority is unestablished."
      },
      "attributionLabel": "Adapted mechanism: James Edmond’s Spectre relay [2, 3]; changed three-state rule R13 and ignition. Mature trajectories agree after state relabelling.",
      "citationGroups": [
        {
          "label": "Source of the Spectre travelling mechanism matched by the mature trajectory under state relabelling; not the same global rule",
          "references": [
            2,
            3
          ]
        }
      ],
      "reproduction": {
        "id": "hat-two-row-relay",
        "tiling": "hat",
        "depth": 5,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "TABLE:HAT-RELAY",
        "states": 3,
        "borderRings": 1,
        "patchTileCount": 54289,
        "verticesPerTile": 13,
        "geometrySHA256": "9f873af56fadc1e7a25b01be71cbe1ef8b0dbca5acdcfb74b453d59057d10b2e",
        "graphSHA256": "b68392afd6678260dae82e4a13dbc6e4f49ab2097abc6b4b2529bd4d03bcaa74",
        "initialCellStates": [
          [
            7293,
            2
          ],
          [
            7295,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              7293,
              2
            ],
            [
              7295,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 235,
          "minimumNonzero": 2,
          "maximumNonzero": 11,
          "minimumLive": 1,
          "maximumLive": 10,
          "minimumBoundaryDistance": 4,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 2,
          "live": 1,
          "stateCounts": [
            54287,
            1,
            1
          ],
          "minimumBoundaryDistance": 62,
          "nonzeroCentroid": [
            -62.36538314819336,
            29.01185131072998
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "d1b9b9bda3e1eb3ada494dd78cf8b991f00114f613330a5d8b8e96410ff9cfbb",
          "bounds": [
            -65.75,
            25.547748565673828,
            -58.25,
            32.4759521484375
          ]
        },
        {
          "t": 117,
          "active": 5,
          "live": 4,
          "stateCounts": [
            54284,
            4,
            1
          ],
          "minimumBoundaryDistance": 38,
          "nonzeroCentroid": [
            -82.86153717041016,
            -68.85568084716797
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "3cdb104e086f00982cf9fa8cea89bcd1f698b9258ddef0a041c29d3f7c5859cf",
          "bounds": [
            -88.25,
            -74.04517364501953,
            -77.5,
            -63.21985626220703
          ]
        },
        {
          "t": 235,
          "active": 6,
          "live": 4,
          "stateCounts": [
            54283,
            4,
            2
          ],
          "minimumBoundaryDistance": 4,
          "nonzeroCentroid": [
            -48.92948786417643,
            -190.6255137125651
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "5ed338e859f20722bf3b7d08516772cd4251fa7dce78657d03ee9184a7d0f7a0",
          "bounds": [
            -54.5,
            -196.15475463867188,
            -42.5,
            -184.89642333984375
          ]
        }
      ]
    },
    {
      "id": "hat-edmond-b-glider",
      "category": "Einstein-hat gliders and launchers",
      "title": "Hat glider B — Edmond rule",
      "summary": "A two-cell seed launches a compact Hat glider under James Edmond’s published B priority table. Verified through 307 generations with a dead boundary buffer; no immortality or first-discovery claim.",
      "tiling": "hat",
      "depth": 5,
      "neighborhood": "touch",
      "rule": "TABLE:HAT-B",
      "generations": 4,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "cellStates": [
        [
          2945,
          1
        ],
        [
          2943,
          3
        ]
      ],
      "expectedActivityThrough": 307,
      "provenance": {
        "status": "published",
        "credit": "James Edmond — Hat B; seed placement found for Aperiodic Life",
        "note": "Uses Edmond’s published Hat B transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of Edmond’s saved run. The package’s finite replay does not establish indefinite propagation.",
        "sources": [
          {
            "label": "James Edmond’s interactive project",
            "url": "https://offlattice.org/monotile/"
          },
          {
            "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/fixtures/published-priority-rules.json",
          "research/fixtures/aperiodic-evidence.json",
          "research/exhaustive-search/hat-targeted/selected.json",
          "test-priority-rules.js"
        ]
      },
      "catalogueCode": "H17",
      "ruleId": "R11",
      "cataloguePage": 31,
      "measurementText": "Catalogue replay through t = 307.",
      "fixedView": false,
      "sourceReferences": [
        2,
        3,
        18
      ],
      "audit": {
        "id": "hat-edmond-b-glider",
        "title": "Hat glider B — Edmond rule",
        "status": "published",
        "rule": "TABLE:HAT-B",
        "states": 4,
        "neighbourhood": "touch",
        "scientificClaim": "A two-cell seed launches a compact Hat glider under James Edmond’s published B priority table. Verified through 307 generations with a dead boundary buffer; no immortality or first-discovery claim. The recorded trajectory contains at most 13 nonzero cells and stays at least 4 graph rings from the boundary.",
        "interpretation": "A locally matching translated state and three-ring neighbourhood occur at generations 29 and 97. All nonzero states, including the travelling signal states, are included in that comparison.",
        "limitations": "The package verifies this particular placement through generation 307 with at least four boundary rings. The published Hat B behaviour is credited to Edmond; neither indefinite travel nor independent historical priority is inferred from this finite run.",
        "illustrationGenerations": [
          0,
          29,
          97
        ],
        "provenance": {
          "status": "published",
          "credit": "James Edmond — Hat B; seed placement found for Aperiodic Life",
          "note": "Uses Edmond’s published Hat B transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of Edmond’s saved run. The package’s finite replay does not establish indefinite propagation.",
          "sources": [
            {
              "label": "James Edmond’s interactive project",
              "url": "https://offlattice.org/monotile/"
            },
            {
              "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
              "url": "https://arxiv.org/abs/2609.22579"
            },
            {
              "label": "Edmond’s Glider Compendium",
              "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
            }
          ],
          "evidence": [
            "research/fixtures/published-priority-rules.json",
            "research/fixtures/aperiodic-evidence.json",
            "research/exhaustive-search/hat-targeted/selected.json",
            "test-priority-rules.js"
          ]
        },
        "sources": [
          {
            "label": "James Edmond’s interactive project",
            "url": "https://offlattice.org/monotile/"
          },
          {
            "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/fixtures/published-priority-rules.json",
          "research/fixtures/aperiodic-evidence.json",
          "research/exhaustive-search/hat-targeted/selected.json",
          "test-priority-rules.js"
        ],
        "verification": {
          "id": "hat-edmond-b-glider",
          "title": "Hat glider B — Edmond rule",
          "category": "Einstein-hat gliders and launchers",
          "tiling": "hat",
          "cells": 54289,
          "neighborhood": "touch",
          "rule": "TABLE:HAT-B",
          "generations": 4,
          "kind": "long-lived compact seed",
          "verifiedThrough": 307,
          "finalAlive": 4,
          "finalChanged": 10,
          "maximumAlive": 12,
          "totalChanged": 3189,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 5,
              "changed": 11
            },
            {
              "generation": 100,
              "alive": 5,
              "changed": 11
            },
            {
              "generation": 150,
              "alive": 4,
              "changed": 10
            },
            {
              "generation": 200,
              "alive": 5,
              "changed": 11
            },
            {
              "generation": 250,
              "alive": 4,
              "changed": 9
            },
            {
              "generation": 300,
              "alive": 5,
              "changed": 10
            },
            {
              "generation": 307,
              "alive": 4,
              "changed": 10
            }
          ]
        },
        "metrics": {
          "maximumAlive": 12,
          "verifiedThrough": 307
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Published rule and travelling mechanism: James Edmond, Hat B in The Glider Compendium [2, 3]. The two-cell placement on this patch was selected by the package.",
      "citationGroups": [
        {
          "label": "Source of the published Hat rule and travelling or launch behaviour; the patch placement was selected by the package",
          "references": [
            2,
            3,
            18
          ]
        }
      ],
      "reproduction": {
        "id": "hat-edmond-b-glider",
        "tiling": "hat",
        "depth": 5,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "TABLE:HAT-B",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 54289,
        "verticesPerTile": 13,
        "geometrySHA256": "9f873af56fadc1e7a25b01be71cbe1ef8b0dbca5acdcfb74b453d59057d10b2e",
        "graphSHA256": "b68392afd6678260dae82e4a13dbc6e4f49ab2097abc6b4b2529bd4d03bcaa74",
        "initialCellStates": [
          [
            2943,
            3
          ],
          [
            2945,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              2945,
              1
            ],
            [
              2943,
              3
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 307,
          "minimumNonzero": 2,
          "maximumNonzero": 13,
          "minimumLive": 1,
          "maximumLive": 12,
          "minimumBoundaryDistance": 4,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 2,
          "live": 1,
          "stateCounts": [
            54287,
            1,
            0,
            1
          ],
          "minimumBoundaryDistance": 58,
          "nonzeroCentroid": [
            -71.55768966674805,
            27.812739372253418
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6c6c5bc4f58046329b2e6fd5fd34dcebe779bfd676421de79696fb9eb9a48846",
          "bounds": [
            -74.75,
            22.94967269897461,
            -68,
            31.609928131103516
          ]
        },
        {
          "t": 153,
          "active": 6,
          "live": 5,
          "stateCounts": [
            54283,
            5,
            0,
            1
          ],
          "minimumBoundaryDistance": 54,
          "nonzeroCentroid": [
            65.06410217285156,
            -26.95781644185384
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "808aa2fca09544e56cdf3e5c9cd9b3b443a1250d2ac50f7f949e72e02be64b39",
          "bounds": [
            59.5,
            -31.609928131103516,
            70.75,
            -21.650634765625
          ]
        },
        {
          "t": 307,
          "active": 6,
          "live": 4,
          "stateCounts": [
            54283,
            4,
            0,
            2
          ],
          "minimumBoundaryDistance": 4,
          "nonzeroCentroid": [
            225.12179565429688,
            -67.5388781229655
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "251a2f6f162c68cf2568d20325a3d77d1546f9e6ff3fa2d58135e02b7b4d8646",
          "bounds": [
            219.25,
            -73.17914581298828,
            230,
            -61.05479049682617
          ]
        }
      ]
    },
    {
      "id": "hat-edmond-a-glider",
      "category": "Einstein-hat gliders and launchers",
      "title": "Hat glider A — Edmond rule",
      "summary": "A two-cell seed launches a compact Hat glider under James Edmond’s published A priority table. Verified through 307 generations with a dead boundary buffer; no immortality or first-discovery claim.",
      "tiling": "hat",
      "depth": 5,
      "neighborhood": "touch",
      "rule": "TABLE:HAT-A",
      "generations": 4,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "cellStates": [
        [
          2945,
          2
        ],
        [
          2943,
          1
        ]
      ],
      "expectedActivityThrough": 307,
      "provenance": {
        "status": "published",
        "credit": "James Edmond — Hat A; seed placement found for Aperiodic Life",
        "note": "Uses Edmond’s published Hat A transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of Edmond’s saved run. The package’s finite replay does not establish indefinite propagation.",
        "sources": [
          {
            "label": "James Edmond’s interactive project",
            "url": "https://offlattice.org/monotile/"
          },
          {
            "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/fixtures/published-priority-rules.json",
          "research/fixtures/aperiodic-evidence.json",
          "research/exhaustive-search/hat-targeted/selected.json",
          "test-priority-rules.js"
        ]
      },
      "catalogueCode": "H18",
      "ruleId": "R10",
      "cataloguePage": 32,
      "measurementText": "Catalogue replay through t = 307.",
      "fixedView": false,
      "sourceReferences": [
        2,
        3,
        18
      ],
      "audit": {
        "id": "hat-edmond-a-glider",
        "title": "Hat glider A — Edmond rule",
        "status": "published",
        "rule": "TABLE:HAT-A",
        "states": 4,
        "neighbourhood": "touch",
        "scientificClaim": "A two-cell seed launches a compact Hat glider under James Edmond’s published A priority table. Verified through 307 generations with a dead boundary buffer; no immortality or first-discovery claim. The recorded trajectory contains at most 14 nonzero cells and stays at least 4 graph rings from the boundary.",
        "interpretation": "A locally matching translated state and three-ring neighbourhood occur at generations 29 and 97. Because the Hat tiling is aperiodic, this local return is evidence of repeated travelling behaviour rather than an infinite-lattice translation symmetry.",
        "limitations": "The package verifies this particular placement through generation 307 with at least four boundary rings. Edmond is credited for the published rule and travelling behaviour. Aperiodic Life’s different seed placement does not establish a new glider discovery.",
        "illustrationGenerations": [
          0,
          29,
          97
        ],
        "provenance": {
          "status": "published",
          "credit": "James Edmond — Hat A; seed placement found for Aperiodic Life",
          "note": "Uses Edmond’s published Hat A transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of Edmond’s saved run. The package’s finite replay does not establish indefinite propagation.",
          "sources": [
            {
              "label": "James Edmond’s interactive project",
              "url": "https://offlattice.org/monotile/"
            },
            {
              "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
              "url": "https://arxiv.org/abs/2609.22579"
            },
            {
              "label": "Edmond’s Glider Compendium",
              "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
            }
          ],
          "evidence": [
            "research/fixtures/published-priority-rules.json",
            "research/fixtures/aperiodic-evidence.json",
            "research/exhaustive-search/hat-targeted/selected.json",
            "test-priority-rules.js"
          ]
        },
        "sources": [
          {
            "label": "James Edmond’s interactive project",
            "url": "https://offlattice.org/monotile/"
          },
          {
            "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/fixtures/published-priority-rules.json",
          "research/fixtures/aperiodic-evidence.json",
          "research/exhaustive-search/hat-targeted/selected.json",
          "test-priority-rules.js"
        ],
        "verification": {
          "id": "hat-edmond-a-glider",
          "title": "Hat glider A — Edmond rule",
          "category": "Einstein-hat gliders and launchers",
          "tiling": "hat",
          "cells": 54289,
          "neighborhood": "touch",
          "rule": "TABLE:HAT-A",
          "generations": 4,
          "kind": "long-lived compact seed",
          "verifiedThrough": 307,
          "finalAlive": 2,
          "finalChanged": 11,
          "maximumAlive": 3,
          "totalChanged": 3490,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 1,
              "changed": 12
            },
            {
              "generation": 100,
              "alive": 1,
              "changed": 12
            },
            {
              "generation": 150,
              "alive": 1,
              "changed": 11
            },
            {
              "generation": 200,
              "alive": 1,
              "changed": 12
            },
            {
              "generation": 250,
              "alive": 1,
              "changed": 10
            },
            {
              "generation": 300,
              "alive": 1,
              "changed": 11
            },
            {
              "generation": 307,
              "alive": 2,
              "changed": 11
            }
          ]
        },
        "metrics": {
          "maximumAlive": 3,
          "verifiedThrough": 307
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Published rule and travelling mechanism: James Edmond, Hat A in The Glider Compendium [2, 3]. The two-cell placement on this patch was selected by the package.",
      "citationGroups": [
        {
          "label": "Source of the published Hat rule and travelling or launch behaviour; the patch placement was selected by the package",
          "references": [
            2,
            3,
            18
          ]
        }
      ],
      "reproduction": {
        "id": "hat-edmond-a-glider",
        "tiling": "hat",
        "depth": 5,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "TABLE:HAT-A",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 54289,
        "verticesPerTile": 13,
        "geometrySHA256": "9f873af56fadc1e7a25b01be71cbe1ef8b0dbca5acdcfb74b453d59057d10b2e",
        "graphSHA256": "b68392afd6678260dae82e4a13dbc6e4f49ab2097abc6b4b2529bd4d03bcaa74",
        "initialCellStates": [
          [
            2943,
            1
          ],
          [
            2945,
            2
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              2945,
              2
            ],
            [
              2943,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 307,
          "minimumNonzero": 2,
          "maximumNonzero": 14,
          "minimumLive": 1,
          "maximumLive": 3,
          "minimumBoundaryDistance": 4,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 2,
          "live": 1,
          "stateCounts": [
            54287,
            1,
            1,
            0
          ],
          "minimumBoundaryDistance": 58,
          "nonzeroCentroid": [
            -71.55768966674805,
            27.812739372253418
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9da216ac2ec07d3f9c8d018c741daf4e72d7bcf0b210fb327784aa190d30e3d3",
          "bounds": [
            -74.75,
            22.94967269897461,
            -68,
            31.609928131103516
          ]
        },
        {
          "t": 153,
          "active": 7,
          "live": 1,
          "stateCounts": [
            54282,
            1,
            5,
            1
          ],
          "minimumBoundaryDistance": 54,
          "nonzeroCentroid": [
            65.07142857142857,
            -26.84678758893694
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "e5d716e8d0960f41c4411bad39909486f8795319c0ee5316026d1aac940c56bd",
          "bounds": [
            59.5,
            -31.609928131103516,
            70.75,
            -21.650634765625
          ]
        },
        {
          "t": 307,
          "active": 7,
          "live": 2,
          "stateCounts": [
            54282,
            2,
            4,
            1
          ],
          "minimumBoundaryDistance": 4,
          "nonzeroCentroid": [
            225.0879124232701,
            -67.5119138445173
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "22257bddcdc49b5a5c948e37353a21f90dbeea38d1d106babf141c317822f39d",
          "bounds": [
            219.25,
            -73.17914581298828,
            230,
            -61.05479049682617
          ]
        }
      ]
    },
    {
      "id": "hat-edmond-c-glider",
      "category": "Einstein-hat gliders and launchers",
      "title": "Hat glider C — Edmond rule",
      "summary": "A two-cell seed launches a compact Hat glider under James Edmond’s published C priority table. Verified through 311 generations with a dead boundary buffer; no immortality or first-discovery claim.",
      "tiling": "hat",
      "depth": 5,
      "neighborhood": "touch",
      "rule": "TABLE:HAT-C",
      "generations": 4,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "cellStates": [
        [
          7267,
          1
        ],
        [
          7283,
          2
        ]
      ],
      "expectedActivityThrough": 311,
      "provenance": {
        "status": "published",
        "credit": "James Edmond — Hat C; seed placement found for Aperiodic Life",
        "note": "Uses Edmond’s published Hat C transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of Edmond’s saved run. The package’s finite replay does not establish indefinite propagation.",
        "sources": [
          {
            "label": "James Edmond’s interactive project",
            "url": "https://offlattice.org/monotile/"
          },
          {
            "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/fixtures/published-priority-rules.json",
          "research/fixtures/aperiodic-evidence.json",
          "research/exhaustive-search/hat-targeted/selected.json",
          "test-priority-rules.js"
        ]
      },
      "catalogueCode": "H19",
      "ruleId": "R12",
      "cataloguePage": 33,
      "measurementText": "Catalogue replay through t = 311.",
      "fixedView": false,
      "sourceReferences": [
        2,
        3,
        18
      ],
      "audit": {
        "id": "hat-edmond-c-glider",
        "title": "Hat glider C — Edmond rule",
        "status": "published",
        "rule": "TABLE:HAT-C",
        "states": 4,
        "neighbourhood": "touch",
        "scientificClaim": "A two-cell seed launches a compact Hat glider under James Edmond’s published C priority table. Verified through 311 generations with a dead boundary buffer; no immortality or first-discovery claim. The recorded trajectory contains at most 18 nonzero cells and stays at least 4 graph rings from the boundary.",
        "interpretation": "The selected launch leaves a compact travelling object. Its labelled state and three-ring local neighbourhood match after translation between generations 63 and 131.",
        "limitations": "The package checks this placement through generation 311 with at least four boundary rings. A finite translated local neighbourhood is not a proof that the full future substrate will repeat. Edmond receives credit for the rule and travelling behaviour.",
        "illustrationGenerations": [
          0,
          63,
          131
        ],
        "provenance": {
          "status": "published",
          "credit": "James Edmond — Hat C; seed placement found for Aperiodic Life",
          "note": "Uses Edmond’s published Hat C transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of Edmond’s saved run. The package’s finite replay does not establish indefinite propagation.",
          "sources": [
            {
              "label": "James Edmond’s interactive project",
              "url": "https://offlattice.org/monotile/"
            },
            {
              "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
              "url": "https://arxiv.org/abs/2609.22579"
            },
            {
              "label": "Edmond’s Glider Compendium",
              "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
            }
          ],
          "evidence": [
            "research/fixtures/published-priority-rules.json",
            "research/fixtures/aperiodic-evidence.json",
            "research/exhaustive-search/hat-targeted/selected.json",
            "test-priority-rules.js"
          ]
        },
        "sources": [
          {
            "label": "James Edmond’s interactive project",
            "url": "https://offlattice.org/monotile/"
          },
          {
            "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/fixtures/published-priority-rules.json",
          "research/fixtures/aperiodic-evidence.json",
          "research/exhaustive-search/hat-targeted/selected.json",
          "test-priority-rules.js"
        ],
        "verification": {
          "id": "hat-edmond-c-glider",
          "title": "Hat glider C — Edmond rule",
          "category": "Einstein-hat gliders and launchers",
          "tiling": "hat",
          "cells": 54289,
          "neighborhood": "touch",
          "rule": "TABLE:HAT-C",
          "generations": 4,
          "kind": "long-lived compact seed",
          "verifiedThrough": 311,
          "finalAlive": 4,
          "finalChanged": 13,
          "maximumAlive": 14,
          "totalChanged": 3813,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 9,
              "changed": 13
            },
            {
              "generation": 100,
              "alive": 8,
              "changed": 15
            },
            {
              "generation": 150,
              "alive": 4,
              "changed": 12
            },
            {
              "generation": 200,
              "alive": 8,
              "changed": 13
            },
            {
              "generation": 250,
              "alive": 3,
              "changed": 11
            },
            {
              "generation": 300,
              "alive": 4,
              "changed": 11
            },
            {
              "generation": 311,
              "alive": 4,
              "changed": 13
            }
          ]
        },
        "metrics": {
          "maximumAlive": 14,
          "verifiedThrough": 311
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Published rule and travelling mechanism: James Edmond, Hat C in The Glider Compendium [2, 3]. The two-cell placement on this patch was selected by the package.",
      "citationGroups": [
        {
          "label": "Source of the published Hat rule and travelling or launch behaviour; the patch placement was selected by the package",
          "references": [
            2,
            3,
            18
          ]
        }
      ],
      "reproduction": {
        "id": "hat-edmond-c-glider",
        "tiling": "hat",
        "depth": 5,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "TABLE:HAT-C",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 54289,
        "verticesPerTile": 13,
        "geometrySHA256": "9f873af56fadc1e7a25b01be71cbe1ef8b0dbca5acdcfb74b453d59057d10b2e",
        "graphSHA256": "b68392afd6678260dae82e4a13dbc6e4f49ab2097abc6b4b2529bd4d03bcaa74",
        "initialCellStates": [
          [
            7267,
            1
          ],
          [
            7283,
            2
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              7267,
              1
            ],
            [
              7283,
              2
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 311,
          "minimumNonzero": 2,
          "maximumNonzero": 18,
          "minimumLive": 1,
          "maximumLive": 14,
          "minimumBoundaryDistance": 4,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 2,
          "live": 1,
          "stateCounts": [
            54287,
            1,
            1,
            0
          ],
          "minimumBoundaryDistance": 67,
          "nonzeroCentroid": [
            -50,
            27.512961387634277
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "87391c7807c21523fadda5fc69df6414077dce55e21f710d9ed3ca4c2bd90835",
          "bounds": [
            -53.75,
            22.94967269897461,
            -46.25,
            32.042938232421875
          ]
        },
        {
          "t": 155,
          "active": 7,
          "live": 5,
          "stateCounts": [
            54282,
            5,
            1,
            1
          ],
          "minimumBoundaryDistance": 66,
          "nonzeroCentroid": [
            44.76373563494001,
            -9.488212381090436
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "2dab6dee60da6869711b2eea712a03a24283e542ffa7591551131810fd4f51e0",
          "bounds": [
            40,
            -14.722432136535645,
            51.25,
            -3.8971142768859863
          ]
        },
        {
          "t": 311,
          "active": 7,
          "live": 4,
          "stateCounts": [
            54282,
            4,
            1,
            2
          ],
          "minimumBoundaryDistance": 4,
          "nonzeroCentroid": [
            206.66483415876115,
            -51.30486788068499
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "7a2b985f49424346919d751dcf289230b907419e7f652ee2f83ec6eec25a7b0d",
          "bounds": [
            201.25,
            -57.157676696777344,
            211.75,
            -46.332359313964844
          ]
        }
      ]
    },
    {
      "id": "hat-simple-glider",
      "category": "Einstein-hat gliders and launchers",
      "title": "Hat glider — three-state variant",
      "summary": "A derived three-state version of Edmond’s B rule reproduces the tested compact flights after relabelling. It differs on some other inputs; this is a finite reproduction, not a proof of endless travel.",
      "tiling": "hat",
      "depth": 5,
      "neighborhood": "touch",
      "rule": "TABLE:HAT-SIMPLE",
      "generations": 3,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "cellStates": [
        [
          2945,
          1
        ],
        [
          2943,
          2
        ]
      ],
      "expectedActivityThrough": 307,
      "provenance": {
        "status": "adapted",
        "credit": "Aperiodic Life variant of James Edmond’s Hat B rule",
        "note": "Derived from Edmond’s Hat B: remove its unreachable state from the two-cell launch, relabel state 3 as 2, and drop the empty-neighbour birth requirement. The resulting three-state rule matches the checked launches but differs on other inputs. Credit for the parent rule and travelling mechanism belongs to Edmond; no claim of historical priority is made for the simplification.",
        "sources": [
          {
            "label": "James Edmond’s interactive project",
            "url": "https://offlattice.org/monotile/"
          },
          {
            "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/fixtures/published-priority-rules.json",
          "research/fixtures/aperiodic-evidence.json",
          "research/exhaustive-search/hat-targeted/selected.json",
          "test-priority-rules.js",
          "research/exhaustive-search/hat-targeted/priority-simplification.json",
          "research/exhaustive-search/hat-targeted/simplification-counterexample.json"
        ]
      },
      "catalogueCode": "H20",
      "ruleId": "R14",
      "cataloguePage": 34,
      "measurementText": "Catalogue replay through t = 307.",
      "fixedView": false,
      "sourceReferences": [
        2,
        3,
        18
      ],
      "audit": {
        "id": "hat-simple-glider",
        "title": "Hat glider — three-state variant",
        "status": "adapted",
        "rule": "TABLE:HAT-SIMPLE",
        "states": 3,
        "neighbourhood": "touch",
        "scientificClaim": "A derived three-state version of Edmond’s B rule reproduces the tested compact flights after relabelling. It differs on some other inputs; this is a finite reproduction, not a proof of endless travel. The recorded trajectory contains at most 13 nonzero cells and stays at least 4 graph rings from the boundary.",
        "interpretation": "This three-state derivative removes Hat B’s unreachable state 2, renames state 3 to state 2, and drops the empty-neighbour requirement on births. The supplied launch follows the checked Hat B flight after relabelling.",
        "limitations": "Agreement holds for the tested trajectories, not every possible input. A retained counterexample shows that the two rules differ globally. Credit for the parent rule and travelling mechanism belongs to Edmond; the simplification is a package adaptation.",
        "illustrationGenerations": [
          0,
          29,
          97
        ],
        "provenance": {
          "status": "adapted",
          "credit": "Aperiodic Life variant of James Edmond’s Hat B rule",
          "note": "Derived from Edmond’s Hat B: remove its unreachable state from the two-cell launch, relabel state 3 as 2, and drop the empty-neighbour birth requirement. The resulting three-state rule matches the checked launches but differs on other inputs. Credit for the parent rule and travelling mechanism belongs to Edmond; no claim of historical priority is made for the simplification.",
          "sources": [
            {
              "label": "James Edmond’s interactive project",
              "url": "https://offlattice.org/monotile/"
            },
            {
              "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
              "url": "https://arxiv.org/abs/2609.22579"
            },
            {
              "label": "Edmond’s Glider Compendium",
              "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
            }
          ],
          "evidence": [
            "research/fixtures/published-priority-rules.json",
            "research/fixtures/aperiodic-evidence.json",
            "research/exhaustive-search/hat-targeted/selected.json",
            "test-priority-rules.js",
            "research/exhaustive-search/hat-targeted/priority-simplification.json",
            "research/exhaustive-search/hat-targeted/simplification-counterexample.json"
          ]
        },
        "sources": [
          {
            "label": "James Edmond’s interactive project",
            "url": "https://offlattice.org/monotile/"
          },
          {
            "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/fixtures/published-priority-rules.json",
          "research/fixtures/aperiodic-evidence.json",
          "research/exhaustive-search/hat-targeted/selected.json",
          "test-priority-rules.js",
          "research/exhaustive-search/hat-targeted/priority-simplification.json",
          "research/exhaustive-search/hat-targeted/simplification-counterexample.json"
        ],
        "verification": {
          "id": "hat-simple-glider",
          "title": "Hat glider — three-state variant",
          "category": "Einstein-hat gliders and launchers",
          "tiling": "hat",
          "cells": 54289,
          "neighborhood": "touch",
          "rule": "TABLE:HAT-SIMPLE",
          "generations": 3,
          "kind": "long-lived compact seed",
          "verifiedThrough": 307,
          "finalAlive": 4,
          "finalChanged": 10,
          "maximumAlive": 12,
          "totalChanged": 3189,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 5,
              "changed": 11
            },
            {
              "generation": 100,
              "alive": 5,
              "changed": 11
            },
            {
              "generation": 150,
              "alive": 4,
              "changed": 10
            },
            {
              "generation": 200,
              "alive": 5,
              "changed": 11
            },
            {
              "generation": 250,
              "alive": 4,
              "changed": 9
            },
            {
              "generation": 300,
              "alive": 5,
              "changed": 10
            },
            {
              "generation": 307,
              "alive": 4,
              "changed": 10
            }
          ]
        },
        "metrics": {
          "maximumAlive": 12,
          "verifiedThrough": 307
        },
        "provenanceConfidence": "Parent rule, mechanism or seed is identified; changed-rule behaviour is a package adaptation and historical priority is unestablished."
      },
      "attributionLabel": "Adapted rule: James Edmond’s Hat B [2, 3]. R14 removes a state unreachable from the checked launch, relabels 3 as 2 and drops the empty-neighbour birth condition.",
      "citationGroups": [
        {
          "label": "Source of Hat B, the parent transition rule and travelling mechanism",
          "references": [
            2,
            3
          ]
        }
      ],
      "reproduction": {
        "id": "hat-simple-glider",
        "tiling": "hat",
        "depth": 5,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "TABLE:HAT-SIMPLE",
        "states": 3,
        "borderRings": 1,
        "patchTileCount": 54289,
        "verticesPerTile": 13,
        "geometrySHA256": "9f873af56fadc1e7a25b01be71cbe1ef8b0dbca5acdcfb74b453d59057d10b2e",
        "graphSHA256": "b68392afd6678260dae82e4a13dbc6e4f49ab2097abc6b4b2529bd4d03bcaa74",
        "initialCellStates": [
          [
            2943,
            2
          ],
          [
            2945,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              2945,
              1
            ],
            [
              2943,
              2
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 307,
          "minimumNonzero": 2,
          "maximumNonzero": 13,
          "minimumLive": 1,
          "maximumLive": 12,
          "minimumBoundaryDistance": 4,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 2,
          "live": 1,
          "stateCounts": [
            54287,
            1,
            1
          ],
          "minimumBoundaryDistance": 58,
          "nonzeroCentroid": [
            -71.55768966674805,
            27.812739372253418
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "a54db4955a86d62db13eb4123d9ef6ddd3243e8a6914621154aebe59fad22a09",
          "bounds": [
            -74.75,
            22.94967269897461,
            -68,
            31.609928131103516
          ]
        },
        {
          "t": 153,
          "active": 6,
          "live": 5,
          "stateCounts": [
            54283,
            5,
            1
          ],
          "minimumBoundaryDistance": 54,
          "nonzeroCentroid": [
            65.06410217285156,
            -26.95781644185384
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "80b24426b1ca73af15cc21c76038d9a6646e98a39086664271b330e15f92312e",
          "bounds": [
            59.5,
            -31.609928131103516,
            70.75,
            -21.650634765625
          ]
        },
        {
          "t": 307,
          "active": 6,
          "live": 4,
          "stateCounts": [
            54283,
            4,
            2
          ],
          "minimumBoundaryDistance": 4,
          "nonzeroCentroid": [
            225.12179565429688,
            -67.5388781229655
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4aa51c7eed0f4410a4aac2e834aee4c537642d1dca2cead442e6c3f91733a370",
          "bounds": [
            219.25,
            -73.17914581298828,
            230,
            -61.05479049682617
          ]
        }
      ]
    },
    {
      "id": "hat-edmond-c-triple-launcher",
      "category": "Einstein-hat gliders and launchers",
      "title": "Hat triple launcher — two-cell seed",
      "summary": "Two cells under Edmond’s C rule emit three separated compact travellers. Their complete independent evolutions reproduce the whole configuration through generation 160, with no leftover debris. This is a finite launcher, not a repeating gun.",
      "tiling": "hat",
      "depth": 5,
      "neighborhood": "touch",
      "rule": "TABLE:HAT-C",
      "generations": 4,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "cellStates": [
        [
          23905,
          1
        ],
        [
          23907,
          2
        ]
      ],
      "expectedActivityThrough": 160,
      "provenance": {
        "status": "published",
        "credit": "James Edmond — Hat C triple launch; seed placement found for Aperiodic Life",
        "note": "Edmond’s compendium already demonstrates a two-cell Hat C seed producing three gliders. This catalogue entry uses the same published rule with a placement independently selected on Aperiodic Life’s patch. Its three separated travellers are verified through the stated finite horizon. It is a reproduction of published launch behaviour, not a claim to the first triple launcher or a repeating gun.",
        "sources": [
          {
            "label": "James Edmond’s interactive project",
            "url": "https://offlattice.org/monotile/"
          },
          {
            "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/fixtures/published-priority-rules.json",
          "research/fixtures/aperiodic-evidence.json",
          "research/exhaustive-search/hat-targeted/selected.json",
          "test-priority-rules.js",
          "research/exhaustive-search/hat-targeted/selected-launchers.json",
          "research/exhaustive-search/hat-targeted/priority-launchers.js"
        ]
      },
      "catalogueCode": "H21",
      "ruleId": "R12",
      "cataloguePage": 35,
      "measurementText": "Catalogue replay through t = 160.",
      "fixedView": false,
      "sourceReferences": [
        2,
        3,
        18
      ],
      "audit": {
        "id": "hat-edmond-c-triple-launcher",
        "title": "Hat triple launcher — two-cell seed",
        "status": "published",
        "rule": "TABLE:HAT-C",
        "states": 4,
        "neighbourhood": "touch",
        "scientificClaim": "Two cells under Edmond’s C rule emit three separated compact travellers. Their complete independent evolutions reproduce the whole configuration through generation 160, with no leftover debris. This is a finite launcher, not a repeating gun. The recorded trajectory contains at most 39 nonzero cells and stays at least 34 graph rings from the boundary.",
        "interpretation": "The two-cell launch produces three separated compact travellers. Evolving the retained packets independently reconstructs the complete parent state through generation 160, without leftover debris.",
        "limitations": "This is a finite launch, not a repeating gun. Edmond’s compendium already demonstrates Hat C triple emission; the package independently selected a placement and verifies its finite evolution.",
        "illustrationGenerations": [
          0,
          80,
          160
        ],
        "provenance": {
          "status": "published",
          "credit": "James Edmond — Hat C triple launch; seed placement found for Aperiodic Life",
          "note": "Edmond’s compendium already demonstrates a two-cell Hat C seed producing three gliders. This catalogue entry uses the same published rule with a placement independently selected on Aperiodic Life’s patch. Its three separated travellers are verified through the stated finite horizon. It is a reproduction of published launch behaviour, not a claim to the first triple launcher or a repeating gun.",
          "sources": [
            {
              "label": "James Edmond’s interactive project",
              "url": "https://offlattice.org/monotile/"
            },
            {
              "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
              "url": "https://arxiv.org/abs/2609.22579"
            },
            {
              "label": "Edmond’s Glider Compendium",
              "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
            }
          ],
          "evidence": [
            "research/fixtures/published-priority-rules.json",
            "research/fixtures/aperiodic-evidence.json",
            "research/exhaustive-search/hat-targeted/selected.json",
            "test-priority-rules.js",
            "research/exhaustive-search/hat-targeted/selected-launchers.json",
            "research/exhaustive-search/hat-targeted/priority-launchers.js"
          ]
        },
        "sources": [
          {
            "label": "James Edmond’s interactive project",
            "url": "https://offlattice.org/monotile/"
          },
          {
            "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
            "url": "https://arxiv.org/abs/2609.22579"
          },
          {
            "label": "Edmond’s Glider Compendium",
            "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
          }
        ],
        "evidence": [
          "research/fixtures/published-priority-rules.json",
          "research/fixtures/aperiodic-evidence.json",
          "research/exhaustive-search/hat-targeted/selected.json",
          "test-priority-rules.js",
          "research/exhaustive-search/hat-targeted/selected-launchers.json",
          "research/exhaustive-search/hat-targeted/priority-launchers.js"
        ],
        "verification": {
          "id": "hat-edmond-c-triple-launcher",
          "title": "Hat triple launcher — two-cell seed",
          "category": "Einstein-hat gliders and launchers",
          "tiling": "hat",
          "cells": 54289,
          "neighborhood": "touch",
          "rule": "TABLE:HAT-C",
          "generations": 4,
          "kind": "long-lived compact seed",
          "verifiedThrough": 160,
          "finalAlive": 17,
          "finalChanged": 40,
          "maximumAlive": 29,
          "totalChanged": 5619,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 18,
              "changed": 39
            },
            {
              "generation": 100,
              "alive": 14,
              "changed": 33
            },
            {
              "generation": 150,
              "alive": 15,
              "changed": 38
            },
            {
              "generation": 160,
              "alive": 17,
              "changed": 40
            }
          ]
        },
        "metrics": {
          "maximumAlive": 29,
          "verifiedThrough": 160
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Published launch behaviour: James Edmond’s two-cell Hat C triple launch in The Glider Compendium [3]. The placement on this patch was selected by the package.",
      "citationGroups": [
        {
          "label": "Source of the published Hat rule and travelling or launch behaviour; the patch placement was selected by the package",
          "references": [
            2,
            3,
            18
          ]
        }
      ],
      "reproduction": {
        "id": "hat-edmond-c-triple-launcher",
        "tiling": "hat",
        "depth": 5,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "TABLE:HAT-C",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 54289,
        "verticesPerTile": 13,
        "geometrySHA256": "9f873af56fadc1e7a25b01be71cbe1ef8b0dbca5acdcfb74b453d59057d10b2e",
        "graphSHA256": "b68392afd6678260dae82e4a13dbc6e4f49ab2097abc6b4b2529bd4d03bcaa74",
        "initialCellStates": [
          [
            23905,
            1
          ],
          [
            23907,
            2
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              23905,
              1
            ],
            [
              23907,
              2
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 160,
          "minimumNonzero": 2,
          "maximumNonzero": 39,
          "minimumLive": 1,
          "maximumLive": 29,
          "minimumBoundaryDistance": 34,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 2,
          "live": 1,
          "stateCounts": [
            54287,
            1,
            1,
            0
          ],
          "minimumBoundaryDistance": 84,
          "nonzeroCentroid": [
            -4.442307710647583,
            3.3641754388809204
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "e49da54b2c767ce422303a6d40abfe33de475eb6f42f3d0604e4dfc3cf6001d8",
          "bounds": [
            -8,
            -0.4330126941204071,
            -1.25,
            8.227241516113281
          ]
        },
        {
          "t": 80,
          "active": 21,
          "live": 14,
          "stateCounts": [
            54268,
            14,
            3,
            4
          ],
          "minimumBoundaryDistance": 61,
          "nonzeroCentroid": [
            -21.948717662266322,
            -8.362062317984444
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4dfbebfd66fddd9a3625a63c0ac36d041c1a9b7e7f3cc734b510f01b977eee66",
          "bounds": [
            -62.75,
            -52.394535064697266,
            23.5,
            16.021469116210938
          ]
        },
        {
          "t": 160,
          "active": 23,
          "live": 17,
          "stateCounts": [
            54266,
            17,
            3,
            3
          ],
          "minimumBoundaryDistance": 34,
          "nonzeroCentroid": [
            -63.47826103542162,
            -51.272179396256156
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9660ae1becf763b1645045dbbaf26c637474613b7091d8fa3cdeea04436e7983",
          "bounds": [
            -145.5,
            -135.53297424316406,
            47,
            37.67210388183594
          ]
        }
      ]
    },
    {
      "id": "hat-b1-field",
      "category": "Collective aperiodic dynamics",
      "title": "Hat B1 wave field",
      "summary": "A two-state B1/S field remains active through 3,000 generations on the hat touch graph.",
      "tiling": "hat",
      "depth": 4,
      "neighborhood": "touch",
      "rule": "B1/S",
      "generations": 2,
      "borderRings": 8,
      "density": 0.12,
      "randomSeed": "hat-touch-B1/S-2",
      "speed": 30,
      "view": {
        "mode": "initial",
        "padding": 6
      },
      "randomize": true,
      "expectedActivityThrough": 3000,
      "provenance": {
        "status": "package-constructed",
        "credit": "Aperiodic Life seeded-field demonstration",
        "note": "A reproducible pseudorandom field constructed for the package’s rule survey, using seed hat-touch-B1/S-2, density 0.12 and an eight-ring dead border. It was selected because it remains active through 3,000 generations. This is a finite-board demonstration of collective dynamics, not an attributed compact pattern or a claim of a newly discovered rule.",
        "sources": [],
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/survey-fields.js"
        ]
      },
      "catalogueCode": "C04",
      "ruleId": "R07",
      "cataloguePage": 36,
      "measurementText": "Catalogue replay through t = 3000.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hat-b1-field",
        "title": "Hat B1 wave field",
        "status": "package-constructed",
        "recommendedScope": "constructed-demonstration-appendix",
        "rule": "B1/S",
        "states": 2,
        "neighbourhood": "touch",
        "depth": 4,
        "seed": {
          "density": 0.12,
          "randomSeed": "hat-touch-B1/S-2",
          "borderRings": 8
        },
        "scientificClaim": "A deterministic pseudorandom B1/S field with two states, touch adjacency, density 0.12, random seed hat-touch-B1/S-2 and eight locked dead boundary rings remains dynamically active through 3,000 generations on the 7,921-tile depth-4 Hat patch.",
        "limitations": "A constructed finite-board demonstration of collective activity, not a compact discovered structure or a novel rule. Persistence to 3,000 does not prove nonperiodic behaviour, indefinite persistence on an infinite tiling, or lack of a finite-board eventual cycle. It should be separated from the main no-identified-antecedent compact-pattern catalogue.",
        "illustrationGenerations": [
          0,
          100,
          1000,
          3000
        ],
        "metrics": {
          "density": 0.12,
          "randomSeed": "hat-touch-B1/S-2",
          "lockedBorderRings": 8,
          "horizon": 3000,
          "finalLive": 816,
          "finalChanged": 1547,
          "maximumLive": 1175
        },
        "specialEvidence": [
          "research/survey-fields.js"
        ],
        "provenanceConcerns": [
          "No historical novelty claim attaches to an arbitrary pseudorandom seed. Include in a clearly labelled constructed-demonstrations appendix for completeness, or exclude with explicit reason."
        ],
        "verification": {
          "id": "hat-b1-field",
          "title": "Hat B1 wave field",
          "category": "Collective aperiodic dynamics",
          "tiling": "hat",
          "cells": 7921,
          "neighborhood": "touch",
          "rule": "B1/S",
          "generations": 2,
          "kind": "sustained field",
          "verifiedThrough": 3000,
          "finalAlive": 816,
          "finalChanged": 1547,
          "maximumAlive": 1175,
          "totalChanged": 4785758,
          "checkpoints": [
            {
              "generation": 250,
              "alive": 784,
              "changed": 1609
            },
            {
              "generation": 500,
              "alive": 762,
              "changed": 1592
            },
            {
              "generation": 750,
              "alive": 785,
              "changed": 1591
            },
            {
              "generation": 1000,
              "alive": 770,
              "changed": 1576
            },
            {
              "generation": 1250,
              "alive": 766,
              "changed": 1564
            },
            {
              "generation": 1500,
              "alive": 764,
              "changed": 1553
            },
            {
              "generation": 1750,
              "alive": 797,
              "changed": 1555
            },
            {
              "generation": 2000,
              "alive": 839,
              "changed": 1622
            },
            {
              "generation": 2250,
              "alive": 821,
              "changed": 1647
            },
            {
              "generation": 2500,
              "alive": 832,
              "changed": 1634
            },
            {
              "generation": 2750,
              "alive": 801,
              "changed": 1656
            },
            {
              "generation": 3000,
              "alive": 816,
              "changed": 1547
            }
          ]
        },
        "provenance": {
          "status": "package-constructed",
          "credit": "Aperiodic Life seeded-field demonstration",
          "note": "A reproducible pseudorandom field constructed for the package’s rule survey, using seed hat-touch-B1/S-2, density 0.12 and an eight-ring dead border. It was selected because it remains active through 3,000 generations. This is a finite-board demonstration of collective dynamics, not an attributed compact pattern or a claim of a newly discovered rule.",
          "sources": [],
          "evidence": [
            "discoveries.js",
            "research/fixtures/catalogue-verification.json",
            "research/verify-catalog.js",
            "research/survey-fields.js"
          ]
        },
        "evidence": [
          "discoveries.js",
          "research/fixtures/catalogue-verification.json",
          "research/verify-catalog.js",
          "research/survey-fields.js"
        ]
      },
      "attributionLabel": "Package-generated field under B1/S, C = 2 on the Hat touch graph (R07). The seed and finite-board demonstration are package contributions; no new update principle is claimed.",
      "citationGroups": [],
      "reproduction": {
        "id": "hat-b1-field",
        "tiling": "hat",
        "depth": 4,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B1/S",
        "states": 2,
        "borderRings": 8,
        "patchTileCount": 7921,
        "verticesPerTile": 13,
        "geometrySHA256": "c74e1ada1546fddfddec857fe010dea24b764062e0ea1b71165e234d8b910798",
        "graphSHA256": "93b29ec07c2f1318c610ee39c3bdce139ad75e744be62015fe9208a7b4a52aa3",
        "initialCellStates": [
          [
            31,
            1
          ],
          [
            47,
            1
          ],
          [
            51,
            1
          ],
          [
            66,
            1
          ],
          [
            68,
            1
          ],
          [
            143,
            1
          ],
          [
            148,
            1
          ],
          [
            152,
            1
          ],
          [
            160,
            1
          ],
          [
            181,
            1
          ],
          [
            191,
            1
          ],
          [
            192,
            1
          ],
          [
            196,
            1
          ],
          [
            229,
            1
          ],
          [
            232,
            1
          ],
          [
            234,
            1
          ],
          [
            238,
            1
          ],
          [
            239,
            1
          ],
          [
            242,
            1
          ],
          [
            278,
            1
          ],
          [
            282,
            1
          ],
          [
            290,
            1
          ],
          [
            292,
            1
          ],
          [
            299,
            1
          ],
          [
            327,
            1
          ],
          [
            336,
            1
          ],
          [
            340,
            1
          ],
          [
            347,
            1
          ],
          [
            356,
            1
          ],
          [
            360,
            1
          ],
          [
            361,
            1
          ],
          [
            368,
            1
          ],
          [
            376,
            1
          ],
          [
            382,
            1
          ],
          [
            386,
            1
          ],
          [
            390,
            1
          ],
          [
            393,
            1
          ],
          [
            404,
            1
          ],
          [
            412,
            1
          ],
          [
            423,
            1
          ],
          [
            424,
            1
          ],
          [
            432,
            1
          ],
          [
            437,
            1
          ],
          [
            455,
            1
          ],
          [
            456,
            1
          ],
          [
            461,
            1
          ],
          [
            474,
            1
          ],
          [
            479,
            1
          ],
          [
            491,
            1
          ],
          [
            500,
            1
          ],
          [
            510,
            1
          ],
          [
            520,
            1
          ],
          [
            528,
            1
          ],
          [
            536,
            1
          ],
          [
            538,
            1
          ],
          [
            539,
            1
          ],
          [
            551,
            1
          ],
          [
            557,
            1
          ],
          [
            558,
            1
          ],
          [
            565,
            1
          ],
          [
            568,
            1
          ],
          [
            569,
            1
          ],
          [
            590,
            1
          ],
          [
            604,
            1
          ],
          [
            619,
            1
          ],
          [
            631,
            1
          ],
          [
            837,
            1
          ],
          [
            841,
            1
          ],
          [
            843,
            1
          ],
          [
            846,
            1
          ],
          [
            849,
            1
          ],
          [
            851,
            1
          ],
          [
            853,
            1
          ],
          [
            865,
            1
          ],
          [
            872,
            1
          ],
          [
            880,
            1
          ],
          [
            911,
            1
          ],
          [
            912,
            1
          ],
          [
            925,
            1
          ],
          [
            926,
            1
          ],
          [
            939,
            1
          ],
          [
            947,
            1
          ],
          [
            959,
            1
          ],
          [
            962,
            1
          ],
          [
            972,
            1
          ],
          [
            975,
            1
          ],
          [
            980,
            1
          ],
          [
            984,
            1
          ],
          [
            1002,
            1
          ],
          [
            1013,
            1
          ],
          [
            1044,
            1
          ],
          [
            1054,
            1
          ],
          [
            1055,
            1
          ],
          [
            1059,
            1
          ],
          [
            1071,
            1
          ],
          [
            1077,
            1
          ],
          [
            1083,
            1
          ],
          [
            1090,
            1
          ],
          [
            1108,
            1
          ],
          [
            1109,
            1
          ],
          [
            1112,
            1
          ],
          [
            1118,
            1
          ],
          [
            1119,
            1
          ],
          [
            1126,
            1
          ],
          [
            1134,
            1
          ],
          [
            1148,
            1
          ],
          [
            1157,
            1
          ],
          [
            1173,
            1
          ],
          [
            1174,
            1
          ],
          [
            1192,
            1
          ],
          [
            1210,
            1
          ],
          [
            1211,
            1
          ],
          [
            1223,
            1
          ],
          [
            1224,
            1
          ],
          [
            1225,
            1
          ],
          [
            1247,
            1
          ],
          [
            1252,
            1
          ],
          [
            1270,
            1
          ],
          [
            1312,
            1
          ],
          [
            1321,
            1
          ],
          [
            1323,
            1
          ],
          [
            1336,
            1
          ],
          [
            1348,
            1
          ],
          [
            1393,
            1
          ],
          [
            1424,
            1
          ],
          [
            1431,
            1
          ],
          [
            1492,
            1
          ],
          [
            1496,
            1
          ],
          [
            1498,
            1
          ],
          [
            1513,
            1
          ],
          [
            1520,
            1
          ],
          [
            1530,
            1
          ],
          [
            1535,
            1
          ],
          [
            1547,
            1
          ],
          [
            1551,
            1
          ],
          [
            1574,
            1
          ],
          [
            1577,
            1
          ],
          [
            1595,
            1
          ],
          [
            1599,
            1
          ],
          [
            1608,
            1
          ],
          [
            1611,
            1
          ],
          [
            1616,
            1
          ],
          [
            1617,
            1
          ],
          [
            1620,
            1
          ],
          [
            1623,
            1
          ],
          [
            1628,
            1
          ],
          [
            1640,
            1
          ],
          [
            1646,
            1
          ],
          [
            1648,
            1
          ],
          [
            1653,
            1
          ],
          [
            1669,
            1
          ],
          [
            1671,
            1
          ],
          [
            1692,
            1
          ],
          [
            1738,
            1
          ],
          [
            1766,
            1
          ],
          [
            1770,
            1
          ],
          [
            1775,
            1
          ],
          [
            1777,
            1
          ],
          [
            1789,
            1
          ],
          [
            1798,
            1
          ],
          [
            1814,
            1
          ],
          [
            1818,
            1
          ],
          [
            1820,
            1
          ],
          [
            1824,
            1
          ],
          [
            1846,
            1
          ],
          [
            1855,
            1
          ],
          [
            1861,
            1
          ],
          [
            1862,
            1
          ],
          [
            1872,
            1
          ],
          [
            1877,
            1
          ],
          [
            1889,
            1
          ],
          [
            1894,
            1
          ],
          [
            1897,
            1
          ],
          [
            1911,
            1
          ],
          [
            1919,
            1
          ],
          [
            1929,
            1
          ],
          [
            1940,
            1
          ],
          [
            1948,
            1
          ],
          [
            1949,
            1
          ],
          [
            1955,
            1
          ],
          [
            1959,
            1
          ],
          [
            1966,
            1
          ],
          [
            1974,
            1
          ],
          [
            1976,
            1
          ],
          [
            1981,
            1
          ],
          [
            2008,
            1
          ],
          [
            2021,
            1
          ],
          [
            2105,
            1
          ],
          [
            2106,
            1
          ],
          [
            2208,
            1
          ],
          [
            2211,
            1
          ],
          [
            2239,
            1
          ],
          [
            2241,
            1
          ],
          [
            2244,
            1
          ],
          [
            2246,
            1
          ],
          [
            2258,
            1
          ],
          [
            2263,
            1
          ],
          [
            2270,
            1
          ],
          [
            2277,
            1
          ],
          [
            2282,
            1
          ],
          [
            2294,
            1
          ],
          [
            2295,
            1
          ],
          [
            2303,
            1
          ],
          [
            2307,
            1
          ],
          [
            2310,
            1
          ],
          [
            2377,
            1
          ],
          [
            2468,
            1
          ],
          [
            2477,
            1
          ],
          [
            2481,
            1
          ],
          [
            2485,
            1
          ],
          [
            2502,
            1
          ],
          [
            2511,
            1
          ],
          [
            2527,
            1
          ],
          [
            2537,
            1
          ],
          [
            2556,
            1
          ],
          [
            2561,
            1
          ],
          [
            2575,
            1
          ],
          [
            2577,
            1
          ],
          [
            2578,
            1
          ],
          [
            2586,
            1
          ],
          [
            2588,
            1
          ],
          [
            2589,
            1
          ],
          [
            2606,
            1
          ],
          [
            2616,
            1
          ],
          [
            2620,
            1
          ],
          [
            2625,
            1
          ],
          [
            2626,
            1
          ],
          [
            2632,
            1
          ],
          [
            2645,
            1
          ],
          [
            2646,
            1
          ],
          [
            2656,
            1
          ],
          [
            2657,
            1
          ],
          [
            2667,
            1
          ],
          [
            2676,
            1
          ],
          [
            2679,
            1
          ],
          [
            2681,
            1
          ],
          [
            2686,
            1
          ],
          [
            2687,
            1
          ],
          [
            2690,
            1
          ],
          [
            2694,
            1
          ],
          [
            2695,
            1
          ],
          [
            2696,
            1
          ],
          [
            2705,
            1
          ],
          [
            2712,
            1
          ],
          [
            2718,
            1
          ],
          [
            2727,
            1
          ],
          [
            2735,
            1
          ],
          [
            2738,
            1
          ],
          [
            2745,
            1
          ],
          [
            2755,
            1
          ],
          [
            2765,
            1
          ],
          [
            2768,
            1
          ],
          [
            2770,
            1
          ],
          [
            2774,
            1
          ],
          [
            2784,
            1
          ],
          [
            2789,
            1
          ],
          [
            2808,
            1
          ],
          [
            2817,
            1
          ],
          [
            2833,
            1
          ],
          [
            2836,
            1
          ],
          [
            2841,
            1
          ],
          [
            2842,
            1
          ],
          [
            2856,
            1
          ],
          [
            2860,
            1
          ],
          [
            2883,
            1
          ],
          [
            2891,
            1
          ],
          [
            2900,
            1
          ],
          [
            2901,
            1
          ],
          [
            2902,
            1
          ],
          [
            2921,
            1
          ],
          [
            2969,
            1
          ],
          [
            3137,
            1
          ],
          [
            3147,
            1
          ],
          [
            3154,
            1
          ],
          [
            3157,
            1
          ],
          [
            3166,
            1
          ],
          [
            3172,
            1
          ],
          [
            3190,
            1
          ],
          [
            3191,
            1
          ],
          [
            3207,
            1
          ],
          [
            3208,
            1
          ],
          [
            3226,
            1
          ],
          [
            3234,
            1
          ],
          [
            3236,
            1
          ],
          [
            3257,
            1
          ],
          [
            3267,
            1
          ],
          [
            3280,
            1
          ],
          [
            3290,
            1
          ],
          [
            3298,
            1
          ],
          [
            3299,
            1
          ],
          [
            3307,
            1
          ],
          [
            3309,
            1
          ],
          [
            3310,
            1
          ],
          [
            3317,
            1
          ],
          [
            3324,
            1
          ],
          [
            3325,
            1
          ],
          [
            3328,
            1
          ],
          [
            3333,
            1
          ],
          [
            3337,
            1
          ],
          [
            3340,
            1
          ],
          [
            3349,
            1
          ],
          [
            3351,
            1
          ],
          [
            3356,
            1
          ],
          [
            3366,
            1
          ],
          [
            3369,
            1
          ],
          [
            3373,
            1
          ],
          [
            3374,
            1
          ],
          [
            3377,
            1
          ],
          [
            3379,
            1
          ],
          [
            3419,
            1
          ],
          [
            3432,
            1
          ],
          [
            3443,
            1
          ],
          [
            3458,
            1
          ],
          [
            3461,
            1
          ],
          [
            3467,
            1
          ],
          [
            3472,
            1
          ],
          [
            3488,
            1
          ],
          [
            3494,
            1
          ],
          [
            3500,
            1
          ],
          [
            3504,
            1
          ],
          [
            3517,
            1
          ],
          [
            3519,
            1
          ],
          [
            3524,
            1
          ],
          [
            3526,
            1
          ],
          [
            3561,
            1
          ],
          [
            3576,
            1
          ],
          [
            3579,
            1
          ],
          [
            3583,
            1
          ],
          [
            3587,
            1
          ],
          [
            3594,
            1
          ],
          [
            3597,
            1
          ],
          [
            3607,
            1
          ],
          [
            3608,
            1
          ],
          [
            3617,
            1
          ],
          [
            3619,
            1
          ],
          [
            3628,
            1
          ],
          [
            3795,
            1
          ],
          [
            3880,
            1
          ],
          [
            3901,
            1
          ],
          [
            4005,
            1
          ],
          [
            4010,
            1
          ],
          [
            4011,
            1
          ],
          [
            4040,
            1
          ],
          [
            4044,
            1
          ],
          [
            4060,
            1
          ],
          [
            4138,
            1
          ],
          [
            4141,
            1
          ],
          [
            4149,
            1
          ],
          [
            4166,
            1
          ],
          [
            4191,
            1
          ],
          [
            4195,
            1
          ],
          [
            4224,
            1
          ],
          [
            4229,
            1
          ],
          [
            4230,
            1
          ],
          [
            4235,
            1
          ],
          [
            4246,
            1
          ],
          [
            4266,
            1
          ],
          [
            4271,
            1
          ],
          [
            4275,
            1
          ],
          [
            4279,
            1
          ],
          [
            4288,
            1
          ],
          [
            4457,
            1
          ],
          [
            4548,
            1
          ],
          [
            4563,
            1
          ],
          [
            4565,
            1
          ],
          [
            4568,
            1
          ],
          [
            4649,
            1
          ],
          [
            4664,
            1
          ],
          [
            4671,
            1
          ],
          [
            4822,
            1
          ],
          [
            5223,
            1
          ],
          [
            5312,
            1
          ],
          [
            5315,
            1
          ],
          [
            5571,
            1
          ],
          [
            5589,
            1
          ],
          [
            5623,
            1
          ],
          [
            5657,
            1
          ],
          [
            5662,
            1
          ],
          [
            5664,
            1
          ],
          [
            5666,
            1
          ],
          [
            5667,
            1
          ],
          [
            5669,
            1
          ],
          [
            5670,
            1
          ],
          [
            5676,
            1
          ],
          [
            5697,
            1
          ],
          [
            5720,
            1
          ],
          [
            5866,
            1
          ],
          [
            5887,
            1
          ],
          [
            5898,
            1
          ],
          [
            5984,
            1
          ],
          [
            5991,
            1
          ],
          [
            6096,
            1
          ],
          [
            6098,
            1
          ],
          [
            6501,
            1
          ],
          [
            6507,
            1
          ],
          [
            6514,
            1
          ],
          [
            6554,
            1
          ],
          [
            6557,
            1
          ],
          [
            6562,
            1
          ],
          [
            6570,
            1
          ],
          [
            6594,
            1
          ],
          [
            6598,
            1
          ],
          [
            6619,
            1
          ],
          [
            6710,
            1
          ],
          [
            6778,
            1
          ],
          [
            6780,
            1
          ],
          [
            6803,
            1
          ],
          [
            6805,
            1
          ],
          [
            7031,
            1
          ],
          [
            7034,
            1
          ],
          [
            7309,
            1
          ],
          [
            7311,
            1
          ],
          [
            7397,
            1
          ],
          [
            7400,
            1
          ],
          [
            7401,
            1
          ],
          [
            7403,
            1
          ],
          [
            7427,
            1
          ],
          [
            7507,
            1
          ],
          [
            7517,
            1
          ],
          [
            7524,
            1
          ]
        ],
        "exactSeed": {
          "kind": "deterministic-random-field",
          "density": 0.12,
          "randomSeed": "hat-touch-B1/S-2",
          "method": "Core.Automaton.randomize(density, randomSeed)"
        },
        "illustratedRun": {
          "throughGeneration": 3000,
          "minimumNonzero": 420,
          "maximumNonzero": 1175,
          "minimumLive": 420,
          "maximumLive": 1175,
          "minimumBoundaryDistance": 8,
          "firstBoundaryAdjacentGeneration": 0,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 420,
          "live": 420,
          "stateCounts": [
            7501,
            420
          ],
          "minimumBoundaryDistance": 8,
          "nonzeroCentroid": [
            -1.1531136239745787,
            2.2021789215859915
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "16df081ed89db7ff4994f3dd53555907346d7910ccce3b1afe2aa8aa69925872",
          "bounds": [
            -92.5,
            -71.01408386230469,
            65,
            74.04517364501953
          ]
        },
        {
          "t": 60,
          "active": 726,
          "live": 726,
          "stateCounts": [
            7195,
            726
          ],
          "minimumBoundaryDistance": 8,
          "nonzeroCentroid": [
            1.349862216507436,
            -1.6780962228528724
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "c0a80567a9373903006d1c5876bbfd5fc6fa06d799e1053afa70cef615c4058f",
          "bounds": [
            -87.5,
            -74.04517364501953,
            64.25,
            77.07626342773438
          ]
        },
        {
          "t": 3000,
          "active": 816,
          "live": 816,
          "stateCounts": [
            7105,
            816
          ],
          "minimumBoundaryDistance": 8,
          "nonzeroCentroid": [
            0.624575822787615,
            -0.34557742395383473
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9366ddbc059bcb37990b2171d3b25d7207f2000bf9a970e73639860b50870328",
          "bounds": [
            -87.5,
            -74.04517364501953,
            64.25,
            79.24132537841797
          ]
        }
      ]
    },
    {
      "id": "penrose-b2-c6-twelve-launcher",
      "category": "Aperiodic travelling dynamics",
      "title": "Penrose twelve-traveller launcher",
      "summary": "Three live cells launch twelve compact six-state travellers. Their independent evolutions reconstruct the whole state from generation 90 through 130; 5 have a verified complete-state translated return with matching tile polygons and three surrounding neighbour rings during that interval. This finite traversal uses the established B2/S traveller family.",
      "tiling": "penrose",
      "depth": 10,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B2/S",
      "generations": 6,
      "borderRings": 0,
      "speed": 6,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -98.0040922164917,
          -98.19349271059036,
          75.3704924583435,
          92.6484106183052
        ],
        "steps": 130,
        "padding": 4
      },
      "cellStates": [
        [
          46186,
          1
        ],
        [
          51676,
          1
        ],
        [
          51680,
          1
        ]
      ],
      "expectedActivityThrough": 130,
      "provenance": {
        "status": "package-found",
        "credit": "Aperiodic Life seed search in the existing B2/S traveller family",
        "note": "Three live cells selected by the connected/phased-seed campaign launch twelve independent compact bodies from generation 90 to 130, with seven boundary rings. All twelve have translated full-state and polygon returns, while five have radius-three halo returns within that horizon. All six nonempty proper seed subsets differ at generation 130. This is a finite launcher using an established package propagation family, not a new glider mechanism or repeating gun. Larger locally matching placements need not preserve this outcome. Historical priority is unestablished.",
        "sources": [],
        "evidence": [
          "research/continued-search/penrose/campaigns.json",
          "research/continued-search/penrose/twelve-launcher-evidence.json",
          "research/continued-search/penrose/verify-twelve.js"
        ]
      },
      "catalogueCode": "P01",
      "ruleId": "R22",
      "cataloguePage": 37,
      "measurementText": "Catalogue replay through t = 130.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "penrose-b2-c6-twelve-launcher",
        "title": "Penrose twelve-traveller launcher",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "Three initially live cells produce twelve compact bodies whose independent evolutions reconstruct the entire configuration at every generation from 90 through 130. All twelve have observed translated full-state/polygon returns; five also have a verified matching three-ring neighbourhood return.",
        "limitations": "A finite, placement-dependent one-off launcher in the existing B2/S six-state travelling family. It is neither a repeating gun nor evidence for a new propagating mechanism. Locally matching transplants do not necessarily preserve the twelve-body outcome.",
        "illustrationGenerations": [
          0,
          90,
          130
        ],
        "rule": "B2/S",
        "stateCount": 6,
        "neighbourhood": "touch",
        "depth": 10,
        "penroseSeed": "sun",
        "borderRings": 0,
        "initialCellStates": [
          [
            46186,
            1
          ],
          [
            51676,
            1
          ],
          [
            51680,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-b2-c6-twelve-launcher",
          "title": "Penrose twelve-traveller launcher",
          "category": "Aperiodic travelling dynamics",
          "tiling": "penrose",
          "cells": 54560,
          "neighborhood": "touch",
          "rule": "B2/S",
          "generations": 6,
          "kind": "long-lived compact seed",
          "verifiedThrough": 130,
          "finalAlive": 34,
          "finalChanged": 230,
          "maximumAlive": 103,
          "totalChanged": 37338,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 66,
              "changed": 480
            },
            {
              "generation": 100,
              "alive": 36,
              "changed": 230
            },
            {
              "generation": 130,
              "alive": 34,
              "changed": 230
            }
          ],
          "splitGeneration": 90,
          "minimumBoundaryDistance": 7,
          "maximumNonzeroPopulation": 479,
          "independentBodies": 12,
          "bodiesWithRadiusThreeReturn": 5,
          "fullStateComparisons": 131,
          "independentUnionComparisons": 41,
          "properSeedSubsets": 6,
          "properSeedSubsetEndpointMatches": 0,
          "trajectorySha256": "f3648077a669d6ce4653422673d70c994a5525d93d0835838360d4e24fea0206"
        },
        "credit": "Aperiodic Life seed search in the existing B2/S traveller family",
        "provenanceNote": "Three live cells selected by the connected/phased-seed campaign launch twelve independent compact bodies from generation 90 to 130, with seven boundary rings. All twelve have translated full-state and polygon returns, while five have radius-three halo returns within that horizon. All six nonempty proper seed subsets differ at generation 130. This is a finite launcher using an established package propagation family, not a new glider mechanism or repeating gun. Larger locally matching placements need not preserve this outcome. Historical priority is unestablished.",
        "sources": [],
        "evidence": [
          "research/continued-search/penrose/campaigns.json",
          "research/continued-search/penrose/twelve-launcher-evidence.json",
          "research/continued-search/penrose/verify-twelve.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "penrose-b2-c6-twelve-launcher",
        "tiling": "penrose",
        "depth": 10,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B2/S",
        "states": 6,
        "borderRings": 0,
        "patchTileCount": 54560,
        "verticesPerTile": 4,
        "geometrySHA256": "8b4a5b8a27f01e12ccbe5290713dcd069adfadcc7566bbb8271d1a65992d0766",
        "graphSHA256": "9e9e7a112af200d4b2d4fe2489efdad125c7116ceb23d2f9e585031e607416f2",
        "initialCellStates": [
          [
            46186,
            1
          ],
          [
            51676,
            1
          ],
          [
            51680,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              46186,
              1
            ],
            [
              51676,
              1
            ],
            [
              51680,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 130,
          "minimumNonzero": 3,
          "maximumNonzero": 479,
          "minimumLive": 3,
          "maximumLive": 103,
          "minimumBoundaryDistance": 7,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 3,
          "live": 3,
          "stateCounts": [
            54557,
            3,
            0,
            0,
            0,
            0
          ],
          "minimumBoundaryDistance": 73,
          "nonzeroCentroid": [
            1.8558605511983235,
            -1.3090169827143352
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "a44892b9000f7d28e053ecb7b51f0afd0146f3fc6cde142967e96d9244381ffa",
          "bounds": [
            -1.538841724395752,
            -3.7360680103302,
            4.979796409606934,
            1.1180340051651
          ]
        },
        {
          "t": 90,
          "active": 198,
          "live": 38,
          "stateCounts": [
            54362,
            38,
            39,
            41,
            42,
            38
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            -9.571414986042061,
            4.2762981424427995
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "63d3284d334ab68d557248e73f98f6fe5b1bc1662dd43e41d59444afa3fb0519",
          "bounds": [
            -71.34175109863281,
            -65.73200225830078,
            48.120365142822266,
            60.995933532714844
          ]
        },
        {
          "t": 130,
          "active": 190,
          "live": 34,
          "stateCounts": [
            54370,
            34,
            36,
            38,
            39,
            43
          ],
          "minimumBoundaryDistance": 7,
          "nonzeroCentroid": [
            -5.927464972044293,
            -1.9924512574547215
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "cedc4f4662dc832dfc0afdaec0bd8ccf65d9d890ab6c7454fc3b8af2857a7737",
          "bounds": [
            -99.31842041015625,
            -99.50251007080078,
            76.32154846191406,
            94.26644134521484
          ]
        }
      ]
    },
    {
      "id": "penrose-b2-c5-five-launcher",
      "category": "Aperiodic travelling dynamics",
      "title": "Penrose five-traveller launcher",
      "summary": "Three live cells launch 5 separate compact 5-state travellers. Each emitted wave has a verified complete-state translated return with matching tile polygons and three surrounding neighbour rings; the demonstrated 240-generation traversal is finite.",
      "tiling": "penrose",
      "depth": 11,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B2/S",
      "generations": 5,
      "borderRings": 0,
      "speed": 6,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "cellStates": [
        [
          120863,
          1
        ],
        [
          120865,
          1
        ],
        [
          120867,
          1
        ]
      ],
      "expectedActivityThrough": 240,
      "provenance": {
        "status": "package-found",
        "credit": "Launcher found by package search; priority unestablished",
        "note": "This three-live-cell launch and its depth-11 placement were located by the package's connected-seed search and polygon-matched transplants. Its five emitted bodies use the existing B2/S travelling family, with finite verification through generation 240. This identifies the origin of this recorded launch, not a first-discovery claim for the rule or propagating mechanism. Earlier published Penrose gliders use a different rule.",
        "sources": [
          {
            "label": "Goucher (2012): earlier Penrose glider under a different rule",
            "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
          }
        ],
        "evidence": [
          "research/exhaustive-search/penrose/campaigns.json",
          "research/exhaustive-search/penrose/selected-launcher-evidence.json",
          "research/fixtures/aperiodic-evidence.json",
          "docs/GLIDER_SEARCH.md"
        ]
      },
      "catalogueCode": "P02",
      "ruleId": "R21",
      "cataloguePage": 38,
      "measurementText": "Catalogue replay through t = 240.",
      "fixedView": false,
      "sourceReferences": [
        4
      ],
      "audit": {
        "id": "penrose-b2-c5-five-launcher",
        "title": "Penrose five-traveller launcher",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "Three initially live cells yield five compact five-state travelling bodies. From generation 120 through 240 the five independently simulated bodies reproduce the complete state; each has an observed full-state translated return with matching tile polygons and three neighbourhood rings.",
        "limitations": "A finite one-off launch using the B2/S travelling family; no repeating source or indefinite continuation has been established.",
        "illustrationGenerations": [
          0,
          120,
          240
        ],
        "rule": "B2/S",
        "stateCount": 5,
        "neighbourhood": "touch",
        "depth": 11,
        "penroseSeed": "sun",
        "borderRings": 0,
        "initialCellStates": [
          [
            120863,
            1
          ],
          [
            120865,
            1
          ],
          [
            120867,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-b2-c5-five-launcher",
          "title": "Penrose five-traveller launcher",
          "category": "Aperiodic travelling dynamics",
          "tiling": "penrose",
          "cells": 143010,
          "neighborhood": "touch",
          "rule": "B2/S",
          "generations": 5,
          "kind": "long-lived compact seed",
          "verifiedThrough": 240,
          "finalAlive": 18,
          "finalChanged": 82,
          "maximumAlive": 77,
          "totalChanged": 31493,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 51,
              "changed": 255
            },
            {
              "generation": 100,
              "alive": 22,
              "changed": 127
            },
            {
              "generation": 150,
              "alive": 16,
              "changed": 78
            },
            {
              "generation": 200,
              "alive": 15,
              "changed": 80
            },
            {
              "generation": 240,
              "alive": 18,
              "changed": 82
            }
          ],
          "independentEmissionStart": 120,
          "independentBodies": 5,
          "minimumBoundaryDistance": 9,
          "maximumNonzeroPopulation": 298,
          "emissionMetrics": [
            {
              "emission": 1,
              "maxActive": 14,
              "maxRadius": 2.3312213215078734,
              "minimumBoundaryDistance": 13,
              "centroidDisplacement": 104.60030510957306,
              "translatedReturn": {
                "from": 120,
                "to": 183,
                "cells": 13,
                "haloCells": 136,
                "radius": 3,
                "transform": {
                  "dx": 17.066017150878906,
                  "dy": 52.52379608154297
                },
                "worstPolygonError": 9.5367431640625e-06
              }
            },
            {
              "emission": 2,
              "maxActive": 14,
              "maxRadius": 2.3312187328276464,
              "minimumBoundaryDistance": 9,
              "centroidDisplacement": 104.70176278423106,
              "translatedReturn": {
                "from": 120,
                "to": 159,
                "cells": 12,
                "haloCells": 137,
                "radius": 3,
                "transform": {
                  "dx": -34.13203430175781,
                  "dy": 0
                },
                "worstPolygonError": 3.814697265625e-06
              }
            },
            {
              "emission": 3,
              "maxActive": 14,
              "maxRadius": 2.3312165141461123,
              "minimumBoundaryDistance": 11,
              "centroidDisplacement": 105.10606497736524,
              "translatedReturn": {
                "from": 120,
                "to": 183,
                "cells": 11,
                "haloCells": 134,
                "radius": 3,
                "transform": {
                  "dx": -55.22678756713867,
                  "dy": 0
                },
                "worstPolygonError": 7.62939453125e-06
              }
            },
            {
              "emission": 4,
              "maxActive": 14,
              "maxRadius": 2.331217411204953,
              "minimumBoundaryDistance": 66,
              "centroidDisplacement": 105.16938730069697,
              "translatedReturn": {
                "from": 120,
                "to": 183,
                "cells": 13,
                "haloCells": 135,
                "radius": 3,
                "transform": {
                  "dx": -17.06601905822754,
                  "dy": 52.52379894256592
                },
                "worstPolygonError": 4.76837158203125e-06
              }
            },
            {
              "emission": 5,
              "maxActive": 14,
              "maxRadius": 2.3312222675883745,
              "minimumBoundaryDistance": 10,
              "centroidDisplacement": 105.47378113165628,
              "translatedReturn": {
                "from": 120,
                "to": 159,
                "cells": 14,
                "haloCells": 133,
                "radius": 3,
                "transform": {
                  "dx": 27.61339569091797,
                  "dy": 20.06230926513672
                },
                "worstPolygonError": 8.529922399520072e-06
              }
            }
          ],
          "trajectorySha256": "31f7f78be98f58c4603ba366214806c8d3e3b177ac3719101ce098aedd4fb8a5"
        },
        "credit": "Launcher found by package search; priority unestablished",
        "provenanceNote": "This three-live-cell launch and its depth-11 placement were located by the package's connected-seed search and polygon-matched transplants. Its five emitted bodies use the existing B2/S travelling family, with finite verification through generation 240. This identifies the origin of this recorded launch, not a first-discovery claim for the rule or propagating mechanism. Earlier published Penrose gliders use a different rule.",
        "sources": [
          {
            "label": "Goucher (2012): earlier Penrose glider under a different rule",
            "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
          }
        ],
        "evidence": [
          "research/exhaustive-search/penrose/campaigns.json",
          "research/exhaustive-search/penrose/selected-launcher-evidence.json",
          "research/fixtures/aperiodic-evidence.json",
          "docs/GLIDER_SEARCH.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            4
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-b2-c5-five-launcher",
        "tiling": "penrose",
        "depth": 11,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B2/S",
        "states": 5,
        "borderRings": 0,
        "patchTileCount": 143010,
        "verticesPerTile": 4,
        "geometrySHA256": "a19856162ee8cdf84dfbe29b23aac39af8c056d2b25cc195be95a82c55ca62a2",
        "graphSHA256": "02b815fe8fb64ace0b03e7a960028b0b63efced650e558e0be0aaf6321cf5f5a",
        "initialCellStates": [
          [
            120863,
            1
          ],
          [
            120865,
            1
          ],
          [
            120867,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              120863,
              1
            ],
            [
              120865,
              1
            ],
            [
              120867,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 240,
          "minimumNonzero": 3,
          "maximumNonzero": 298,
          "minimumLive": 3,
          "maximumLive": 77,
          "minimumBoundaryDistance": 9,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 3,
          "live": 3,
          "stateCounts": [
            143007,
            3,
            0,
            0,
            0
          ],
          "minimumBoundaryDistance": 71,
          "nonzeroCentroid": [
            43.849446614583336,
            -65.25631968180339
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "e98f847d1e8a05deef30a674895fed951f0decd6507eea5d5bf1ab5c9cac8909",
          "bounds": [
            41.23845672607422,
            -67.85003662109375,
            46.21825408935547,
            -62.30495071411133
          ]
        },
        {
          "t": 80,
          "active": 243,
          "live": 57,
          "stateCounts": [
            142767,
            57,
            65,
            62,
            59
          ],
          "minimumBoundaryDistance": 29,
          "nonzeroCentroid": [
            60.36133629598735,
            -92.79786568831024
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "25a540fb6517eb160b6723228c03fcad4748230864a2f0d57ccbe2fc53b6c60c",
          "bounds": [
            -29.152236938476562,
            -130.1549835205078,
            88.77104187011719,
            2.6180338859558105
          ]
        },
        {
          "t": 240,
          "active": 67,
          "live": 18,
          "stateCounts": [
            142943,
            18,
            16,
            16,
            17
          ],
          "minimumBoundaryDistance": 9,
          "nonzeroCentroid": [
            -0.1705846430650398,
            20.44458520234521
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "804962009fc3a53eb00270e059e3bad55f7d41fde989588f849fc5a24ded1193",
          "bounds": [
            -168.17027282714844,
            -75.51315307617188,
            175.6399688720703,
            135.39105224609375
          ]
        }
      ]
    },
    {
      "id": "penrose-b2-c6-six-launcher",
      "category": "Aperiodic travelling dynamics",
      "title": "Penrose six-traveller launcher",
      "summary": "Three live cells launch 6 separate compact 6-state travellers. Each emitted wave has a verified complete-state translated return with matching tile polygons and three surrounding neighbour rings; the demonstrated 200-generation traversal is finite.",
      "tiling": "penrose",
      "depth": 11,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B2/S",
      "generations": 6,
      "borderRings": 0,
      "speed": 6,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "cellStates": [
        [
          65275,
          1
        ],
        [
          65271,
          1
        ],
        [
          65274,
          1
        ]
      ],
      "expectedActivityThrough": 200,
      "provenance": {
        "status": "package-found",
        "credit": "Launcher found by package search; priority unestablished",
        "note": "This three-live-cell launch and its depth-11 placement were located by the package's connected-seed search and polygon-matched transplants. Its six emitted bodies use the existing B2/S travelling family, with finite verification through generation 200. This identifies the origin of this recorded launch, not a first-discovery claim for the rule or propagating mechanism. Earlier published Penrose gliders use a different rule.",
        "sources": [
          {
            "label": "Goucher (2012): earlier Penrose glider under a different rule",
            "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
          }
        ],
        "evidence": [
          "research/exhaustive-search/penrose/campaigns.json",
          "research/exhaustive-search/penrose/selected-launcher-evidence.json",
          "research/fixtures/aperiodic-evidence.json",
          "docs/GLIDER_SEARCH.md"
        ]
      },
      "catalogueCode": "P03",
      "ruleId": "R22",
      "cataloguePage": 39,
      "measurementText": "Catalogue replay through t = 200.",
      "fixedView": false,
      "sourceReferences": [
        4
      ],
      "audit": {
        "id": "penrose-b2-c6-six-launcher",
        "title": "Penrose six-traveller launcher",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "Three initially live cells yield six compact six-state travelling bodies. From generation 120 through 200 their independent evolutions reproduce the complete state; each has an observed full-state translated return with matching tile polygons and three neighbourhood rings.",
        "limitations": "A finite one-off launch using the B2/S travelling family; no repeating source or indefinite continuation has been established.",
        "illustrationGenerations": [
          0,
          120,
          200
        ],
        "rule": "B2/S",
        "stateCount": 6,
        "neighbourhood": "touch",
        "depth": 11,
        "penroseSeed": "sun",
        "borderRings": 0,
        "initialCellStates": [
          [
            65275,
            1
          ],
          [
            65271,
            1
          ],
          [
            65274,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-b2-c6-six-launcher",
          "title": "Penrose six-traveller launcher",
          "category": "Aperiodic travelling dynamics",
          "tiling": "penrose",
          "cells": 143010,
          "neighborhood": "touch",
          "rule": "B2/S",
          "generations": 6,
          "kind": "long-lived compact seed",
          "verifiedThrough": 200,
          "finalAlive": 19,
          "finalChanged": 110,
          "maximumAlive": 82,
          "totalChanged": 27878,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 27,
              "changed": 178
            },
            {
              "generation": 100,
              "alive": 21,
              "changed": 114
            },
            {
              "generation": 150,
              "alive": 23,
              "changed": 119
            },
            {
              "generation": 200,
              "alive": 19,
              "changed": 110
            }
          ],
          "independentEmissionStart": 120,
          "independentBodies": 6,
          "minimumBoundaryDistance": 9,
          "maximumNonzeroPopulation": 360,
          "emissionMetrics": [
            {
              "emission": 1,
              "maxActive": 18,
              "maxRadius": 2.7005640945707383,
              "minimumBoundaryDistance": 28,
              "centroidDisplacement": 70.16236610812416,
              "translatedReturn": {
                "from": 130,
                "to": 193,
                "cells": 18,
                "haloCells": 154,
                "radius": 3,
                "transform": {
                  "dx": -55.22678756713867,
                  "dy": 0
                },
                "worstPolygonError": 7.62939453125e-06
              }
            },
            {
              "emission": 2,
              "maxActive": 18,
              "maxRadius": 2.7005649606854303,
              "minimumBoundaryDistance": 9,
              "centroidDisplacement": 69.84081499833815,
              "translatedReturn": {
                "from": 120,
                "to": 159,
                "cells": 16,
                "haloCells": 149,
                "radius": 3,
                "transform": {
                  "dx": -27.61339569091797,
                  "dy": 20.06231689453125
                },
                "worstPolygonError": 1.5728399755926745e-05
              }
            },
            {
              "emission": 3,
              "maxActive": 18,
              "maxRadius": 2.700563359832446,
              "minimumBoundaryDistance": 74,
              "centroidDisplacement": 69.63116031934338,
              "translatedReturn": {
                "from": 120,
                "to": 159,
                "cells": 14,
                "haloCells": 137,
                "radius": 3,
                "transform": {
                  "dx": -10.547378540039062,
                  "dy": -32.46149218082428
                },
                "worstPolygonError": 4.436443821413134e-06
              }
            },
            {
              "emission": 4,
              "maxActive": 18,
              "maxRadius": 2.70056563392555,
              "minimumBoundaryDistance": 20,
              "centroidDisplacement": 69.64708021296322,
              "translatedReturn": {
                "from": 120,
                "to": 144,
                "cells": 16,
                "haloCells": 155,
                "radius": 3,
                "transform": {
                  "dx": -17.066017150878906,
                  "dy": -12.399187088012695
                },
                "worstPolygonError": 7.864199877963372e-06
              }
            },
            {
              "emission": 5,
              "maxActive": 18,
              "maxRadius": 2.7005659679585956,
              "minimumBoundaryDistance": 11,
              "centroidDisplacement": 70.14414666183369,
              "translatedReturn": {
                "from": 120,
                "to": 159,
                "cells": 15,
                "haloCells": 150,
                "radius": 3,
                "transform": {
                  "dx": -27.61339569091797,
                  "dy": -20.06230592727661
                },
                "worstPolygonError": 7.688768146799611e-06
              }
            },
            {
              "emission": 6,
              "maxActive": 18,
              "maxRadius": 2.7005666240983097,
              "minimumBoundaryDistance": 60,
              "centroidDisplacement": 70.14414855349189,
              "translatedReturn": {
                "from": 130,
                "to": 154,
                "cells": 15,
                "haloCells": 153,
                "radius": 3,
                "transform": {
                  "dx": 6.5186381340026855,
                  "dy": -20.06230926513672
                },
                "worstPolygonError": 4.074098465594068e-06
              }
            }
          ],
          "trajectorySha256": "14d9dc8b8b7ae041f02454646809dc35dd7412ded25e3613cf104f5e504cc83c"
        },
        "credit": "Launcher found by package search; priority unestablished",
        "provenanceNote": "This three-live-cell launch and its depth-11 placement were located by the package's connected-seed search and polygon-matched transplants. Its six emitted bodies use the existing B2/S travelling family, with finite verification through generation 200. This identifies the origin of this recorded launch, not a first-discovery claim for the rule or propagating mechanism. Earlier published Penrose gliders use a different rule.",
        "sources": [
          {
            "label": "Goucher (2012): earlier Penrose glider under a different rule",
            "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
          }
        ],
        "evidence": [
          "research/exhaustive-search/penrose/campaigns.json",
          "research/exhaustive-search/penrose/selected-launcher-evidence.json",
          "research/fixtures/aperiodic-evidence.json",
          "docs/GLIDER_SEARCH.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            4
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-b2-c6-six-launcher",
        "tiling": "penrose",
        "depth": 11,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B2/S",
        "states": 6,
        "borderRings": 0,
        "patchTileCount": 143010,
        "verticesPerTile": 4,
        "geometrySHA256": "a19856162ee8cdf84dfbe29b23aac39af8c056d2b25cc195be95a82c55ca62a2",
        "graphSHA256": "02b815fe8fb64ace0b03e7a960028b0b63efced650e558e0be0aaf6321cf5f5a",
        "initialCellStates": [
          [
            65271,
            1
          ],
          [
            65274,
            1
          ],
          [
            65275,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              65275,
              1
            ],
            [
              65271,
              1
            ],
            [
              65274,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 200,
          "minimumNonzero": 3,
          "maximumNonzero": 360,
          "minimumLive": 3,
          "maximumLive": 82,
          "minimumBoundaryDistance": 9,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 3,
          "live": 3,
          "stateCounts": [
            143007,
            3,
            0,
            0,
            0,
            0
          ],
          "minimumBoundaryDistance": 84,
          "nonzeroCentroid": [
            -34.84090932210287,
            45.83636347452799
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "1c4c6289c2f61f1844c61e58f370e7fc921296edcf9216d04b4ecfd952f40474",
          "bounds": [
            -37.5729866027832,
            43.55166244506836,
            -32.59319305419922,
            48.2877311706543
          ]
        },
        {
          "t": 80,
          "active": 99,
          "live": 22,
          "stateCounts": [
            142911,
            22,
            16,
            21,
            19,
            21
          ],
          "minimumBoundaryDistance": 63,
          "nonzeroCentroid": [
            -30.65936827177953,
            47.1407313671979
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4ffe059f6c153cc4c9c35e670eb81e588b0256af9cb1b8d921b998a20e6408c3",
          "bounds": [
            -89.35882568359375,
            -4.236067771911621,
            13.625061988830566,
            95.26644134521484
          ]
        },
        {
          "t": 200,
          "active": 92,
          "live": 19,
          "stateCounts": [
            142918,
            19,
            21,
            18,
            16,
            18
          ],
          "minimumBoundaryDistance": 9,
          "nonzeroCentroid": [
            -93.71140057107677,
            0.519431445909583
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4bc9d037a487bb1500a0521943815be3e9e0e7c22681820ad0a4ae6edf852f92",
          "bounds": [
            -174.68890380859375,
            -95.5754623413086,
            29.152236938476562,
            156.2623748779297
          ]
        }
      ]
    },
    {
      "id": "penrose-edge-b23s23-p822",
      "category": "Penrose oscillators",
      "title": "Penrose compact oscillator — period 822",
      "summary": "A 19-live-cell phase produces an exact period-822 oscillator on 46 Penrose rhombs. Thirty-nine tiles individually have period 822; this is not merely independent smaller oscillators combined.",
      "tiling": "penrose",
      "depth": 8,
      "penroseSeed": "sun",
      "neighborhood": "edge",
      "rule": "B23/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 40,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -8.057479858398438,
          -11.399187088012695,
          0.5877852439880371,
          -4.736067771911621
        ],
        "steps": 822,
        "padding": 2
      },
      "cellStates": [
        [
          5116,
          1
        ],
        [
          5117,
          1
        ],
        [
          5118,
          1
        ],
        [
          5887,
          1
        ],
        [
          5888,
          1
        ],
        [
          5889,
          1
        ],
        [
          5892,
          1
        ],
        [
          5893,
          1
        ],
        [
          5909,
          1
        ],
        [
          5911,
          1
        ],
        [
          5922,
          1
        ],
        [
          5924,
          1
        ],
        [
          5925,
          1
        ],
        [
          5926,
          1
        ],
        [
          5932,
          1
        ],
        [
          5940,
          1
        ],
        [
          5947,
          1
        ],
        [
          5950,
          1
        ],
        [
          5952,
          1
        ]
      ],
      "expectedPeriod": 822,
      "provenance": {
        "status": "package-found",
        "credit": "Found by package search; priority unestablished",
        "note": "Recovered in the package's focused B23/S23 edge search, then transplanted from depth 7 to depth 8. The recorded full period is 822 and 39 individual sites have that period. Owens–Stepney is earlier work on Penrose oscillators, but its Conway touch-graph catalogue does not establish authorship of this different-rule edge-graph pattern. No external exact-pattern attribution was established.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "docs/RULE_SURVEY.md",
          "research/render-oscillator-atlas.js"
        ]
      },
      "catalogueCode": "P04",
      "ruleId": "R17",
      "cataloguePage": 40,
      "measurementText": "Least period p = 822; transient = 0; cycle L = 19-37; cycle territory = 46 tiles; cycle minimum boundary distance = 40.",
      "fixedView": true,
      "sourceReferences": [
        5
      ],
      "audit": {
        "id": "penrose-edge-b23s23-p822",
        "title": "Penrose compact oscillator — period 822",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "An exact least-period-822 stationary oscillator starts from nineteen live tiles and visits a total of forty-six tiles. Thirty-nine individual sites have least temporal period 822, excluding an explanation solely as independent smaller-period oscillators.",
        "limitations": "Uses B23/S23 with edge adjacency, not ordinary Conway B3/S23 on the contact graph. The rule, graph and complete state are essential to the identity.",
        "illustrationGenerations": [
          0,
          274,
          548
        ],
        "rule": "B23/S23",
        "stateCount": 2,
        "neighbourhood": "edge",
        "depth": 8,
        "penroseSeed": "sun",
        "borderRings": 1,
        "initialCellStates": [
          [
            5116,
            1
          ],
          [
            5117,
            1
          ],
          [
            5118,
            1
          ],
          [
            5887,
            1
          ],
          [
            5888,
            1
          ],
          [
            5889,
            1
          ],
          [
            5892,
            1
          ],
          [
            5893,
            1
          ],
          [
            5909,
            1
          ],
          [
            5911,
            1
          ],
          [
            5922,
            1
          ],
          [
            5924,
            1
          ],
          [
            5925,
            1
          ],
          [
            5926,
            1
          ],
          [
            5932,
            1
          ],
          [
            5940,
            1
          ],
          [
            5947,
            1
          ],
          [
            5950,
            1
          ],
          [
            5952,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-edge-b23s23-p822",
          "title": "Penrose compact oscillator — period 822",
          "category": "Penrose oscillators",
          "tiling": "penrose",
          "cells": 7920,
          "neighborhood": "edge",
          "rule": "B23/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 822,
          "minimumAlive": 19,
          "maximumAlive": 37,
          "supportCells": 46,
          "minimumBoundaryDistance": 40,
          "center": [
            -3.6306755251210667,
            -8.211007553598154
          ],
          "radius": 4.085264256358358
        },
        "credit": "Found by package search; priority unestablished",
        "provenanceNote": "Recovered in the package's focused B23/S23 edge search, then transplanted from depth 7 to depth 8. The recorded full period is 822 and 39 individual sites have that period. Owens–Stepney is earlier work on Penrose oscillators, but its Conway touch-graph catalogue does not establish authorship of this different-rule edge-graph pattern. No external exact-pattern attribution was established.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "docs/RULE_SURVEY.md",
          "research/render-oscillator-atlas.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            5
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-edge-b23s23-p822",
        "tiling": "penrose",
        "depth": 8,
        "penroseSeed": "sun",
        "neighbourhood": "edge",
        "rule": "B23/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7920,
        "verticesPerTile": 4,
        "geometrySHA256": "d2be01eacf58721466179e4d5ae63a755cef1caa8a2d47d4807c98cc70d1fb67",
        "graphSHA256": "5beead30ff682c851dd42591101b60062bac9f383fa0976e6e9e39fe84611294",
        "initialCellStates": [
          [
            5116,
            1
          ],
          [
            5117,
            1
          ],
          [
            5118,
            1
          ],
          [
            5887,
            1
          ],
          [
            5888,
            1
          ],
          [
            5889,
            1
          ],
          [
            5892,
            1
          ],
          [
            5893,
            1
          ],
          [
            5909,
            1
          ],
          [
            5911,
            1
          ],
          [
            5922,
            1
          ],
          [
            5924,
            1
          ],
          [
            5925,
            1
          ],
          [
            5926,
            1
          ],
          [
            5932,
            1
          ],
          [
            5940,
            1
          ],
          [
            5947,
            1
          ],
          [
            5950,
            1
          ],
          [
            5952,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              5116,
              1
            ],
            [
              5117,
              1
            ],
            [
              5118,
              1
            ],
            [
              5887,
              1
            ],
            [
              5888,
              1
            ],
            [
              5889,
              1
            ],
            [
              5892,
              1
            ],
            [
              5893,
              1
            ],
            [
              5909,
              1
            ],
            [
              5911,
              1
            ],
            [
              5922,
              1
            ],
            [
              5924,
              1
            ],
            [
              5925,
              1
            ],
            [
              5926,
              1
            ],
            [
              5932,
              1
            ],
            [
              5940,
              1
            ],
            [
              5947,
              1
            ],
            [
              5950,
              1
            ],
            [
              5952,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 411,
          "minimumNonzero": 19,
          "maximumNonzero": 37,
          "minimumLive": 19,
          "maximumLive": 37,
          "minimumBoundaryDistance": 40,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 19,
          "live": 19,
          "stateCounts": [
            7901,
            19
          ],
          "minimumBoundaryDistance": 40,
          "nonzeroCentroid": [
            -3.601010601771505,
            -8.156626425291362
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "64436560176882ae551eacaa945f9dbd5dc176d7de863d4536630b7d44361e71",
          "bounds": [
            -8.645265579223633,
            -12.399187088012695,
            0.5877852439880371,
            -4.427051067352295
          ]
        },
        {
          "t": 205,
          "active": 26,
          "live": 26,
          "stateCounts": [
            7894,
            26
          ],
          "minimumBoundaryDistance": 40,
          "nonzeroCentroid": [
            -3.4794236455972376,
            -8.25626222903912
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "a5f78c206b477fca8f7b4388b081763c7b33dfa4820121d552cb9f0747ce18cb",
          "bounds": [
            -9.008536338806152,
            -11.590169906616211,
            1.538841724395752,
            -4.427051067352295
          ]
        },
        {
          "t": 411,
          "active": 30,
          "live": 30,
          "stateCounts": [
            7890,
            30
          ],
          "minimumBoundaryDistance": 40,
          "nonzeroCentroid": [
            -3.5428693880637487,
            -8.190660095214843
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4bc3e99e16b86462ee4fe213492afbef97e6e1c8e9c9d7d2553b94024d8dea6c",
          "bounds": [
            -9.008536338806152,
            -12.399187088012695,
            1.538841724395752,
            -4.427051067352295
          ]
        }
      ]
    },
    {
      "id": "penrose-conway-c3-p14",
      "category": "Penrose oscillators",
      "title": "Penrose three-state oscillator — period 14",
      "summary": "Four live cells and two refractory cells form an exact period-14 oscillator under three-state B3/S23 on the Penrose touch graph.",
      "tiling": "penrose",
      "depth": 8,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 3,
      "borderRings": 1,
      "speed": 7,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -3.077683448791504,
          15.017220497131348,
          2.489898204803467,
          20.371322631835938
        ],
        "steps": 14,
        "padding": 2
      },
      "cellStates": [
        [
          1944,
          1
        ],
        [
          2003,
          1
        ],
        [
          2004,
          1
        ],
        [
          2007,
          1
        ],
        [
          2710,
          2
        ],
        [
          2747,
          2
        ]
      ],
      "expectedPeriod": 14,
      "provenance": {
        "status": "package-found",
        "credit": "Found by package search; priority unestablished",
        "note": "Recovered in the package's multistate oscillator survey and transplanted from depth 7 to depth 8. This is a three-state B3/S23 Generations oscillator; it must not be identified with a published binary Penrose oscillator merely by period. External first-discovery priority of this exact configuration is unestablished.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "docs/RULE_SURVEY.md",
          "research/render-oscillator-atlas.js"
        ]
      },
      "catalogueCode": "P05",
      "ruleId": "R28",
      "cataloguePage": 41,
      "measurementText": "Least period p = 14; transient = 0; cycle L = 4-8; cycle territory = 27 tiles; cycle minimum boundary distance = 16.",
      "fixedView": true,
      "sourceReferences": [
        5
      ],
      "audit": {
        "id": "penrose-conway-c3-p14",
        "title": "Penrose three-state oscillator — period 14",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "Four live and two refractory tiles initiate an exact least-period-14 stationary oscillator, using three-state B3/S23 Generations on the contact graph.",
        "limitations": "This is a three-state rule. A binary Penrose oscillator of the same period is not thereby a precedent for the same pattern.",
        "illustrationGenerations": [
          0,
          4,
          9
        ],
        "rule": "B3/S23",
        "stateCount": 3,
        "neighbourhood": "touch",
        "depth": 8,
        "penroseSeed": "sun",
        "borderRings": 1,
        "initialCellStates": [
          [
            1944,
            1
          ],
          [
            2003,
            1
          ],
          [
            2004,
            1
          ],
          [
            2007,
            1
          ],
          [
            2710,
            2
          ],
          [
            2747,
            2
          ]
        ],
        "verificationFacts": {
          "id": "penrose-conway-c3-p14",
          "title": "Penrose three-state oscillator — period 14",
          "category": "Penrose oscillators",
          "tiling": "penrose",
          "cells": 7920,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 3,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 14,
          "minimumAlive": 4,
          "maximumAlive": 8,
          "supportCells": 27,
          "minimumBoundaryDistance": 16,
          "center": [
            -0.35957698468808774,
            17.44935643231427
          ],
          "radius": 2.8312561814505024
        },
        "credit": "Found by package search; priority unestablished",
        "provenanceNote": "Recovered in the package's multistate oscillator survey and transplanted from depth 7 to depth 8. This is a three-state B3/S23 Generations oscillator; it must not be identified with a published binary Penrose oscillator merely by period. External first-discovery priority of this exact configuration is unestablished.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "docs/RULE_SURVEY.md",
          "research/render-oscillator-atlas.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            5
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-conway-c3-p14",
        "tiling": "penrose",
        "depth": 8,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 3,
        "borderRings": 1,
        "patchTileCount": 7920,
        "verticesPerTile": 4,
        "geometrySHA256": "d2be01eacf58721466179e4d5ae63a755cef1caa8a2d47d4807c98cc70d1fb67",
        "graphSHA256": "18568f6dbf9f7773fd252114168ebae4ddba6da3d4c7449e5cd2d2ed4535431a",
        "initialCellStates": [
          [
            1944,
            1
          ],
          [
            2003,
            1
          ],
          [
            2004,
            1
          ],
          [
            2007,
            1
          ],
          [
            2710,
            2
          ],
          [
            2747,
            2
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              1944,
              1
            ],
            [
              2003,
              1
            ],
            [
              2004,
              1
            ],
            [
              2007,
              1
            ],
            [
              2710,
              2
            ],
            [
              2747,
              2
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 7,
          "minimumNonzero": 6,
          "maximumNonzero": 12,
          "minimumLive": 4,
          "maximumLive": 8,
          "minimumBoundaryDistance": 16,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 6,
          "live": 4,
          "stateCounts": [
            7914,
            4,
            2
          ],
          "minimumBoundaryDistance": 17,
          "nonzeroCentroid": [
            0.3847104211648305,
            16.89509105682373
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "10e6756ad79e6aca1716626c650473dc4c29eb3d05ce490f093f3edb607e897a",
          "bounds": [
            -3.077683448791504,
            13.70820426940918,
            4.028739929199219,
            20.371322631835938
          ]
        },
        {
          "t": 3,
          "active": 8,
          "live": 5,
          "stateCounts": [
            7912,
            5,
            3
          ],
          "minimumBoundaryDistance": 17,
          "nonzeroCentroid": [
            0.3793506398797035,
            16.729004979133606
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "bc0c813bf62268345142c36e085b871bb40ba51d27731f32b001c1d9d66a6fc8",
          "bounds": [
            -2.489898204803467,
            13.70820426940918,
            4.028739929199219,
            20.371322631835938
          ]
        },
        {
          "t": 7,
          "active": 6,
          "live": 4,
          "stateCounts": [
            7914,
            4,
            2
          ],
          "minimumBoundaryDistance": 16,
          "nonzeroCentroid": [
            -1.1167122970024745,
            17.98593807220459
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "7f80d4192e439bcfa850d9a517f9fa2afc3eb4a35d6cfe726ace3910f60d7e3e",
          "bounds": [
            -4.028739929199219,
            14.20820426940918,
            2.489898204803467,
            21.871322631835938
          ]
        }
      ]
    },
    {
      "id": "penrose-conway-p4",
      "category": "Penrose Conway oscillators",
      "title": "Penrose Conway p4",
      "summary": "An isolated eleven-cell phase of a period-4 oscillator on the Penrose touch graph.",
      "tiling": "penrose",
      "depth": 8,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 4,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          4316,
          1
        ],
        [
          4319,
          1
        ],
        [
          4321,
          1
        ],
        [
          4326,
          1
        ],
        [
          4327,
          1
        ],
        [
          5095,
          1
        ],
        [
          5098,
          1
        ],
        [
          5101,
          1
        ],
        [
          5102,
          1
        ],
        [
          5107,
          1
        ],
        [
          5108,
          1
        ]
      ],
      "expectedPeriod": 4,
      "provenance": {
        "status": "package-found",
        "credit": "Independently found here; published-pattern identity unresolved",
        "note": "The package record recovers this exact phase from deterministic soup penrose-touch-B3/S23-2-osc-v3-6566, density 0.16. It has 12 support tiles and minimum population 9. Penrose Conway oscillators were catalogued by Owens and Stepney, but an exact identification with their illustrated patterns has not been established; this is a package search attribution, not a worldwide originality claim.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/mine-oscillators.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P06",
      "ruleId": "R27",
      "cataloguePage": 42,
      "measurementText": "Least period p = 4; transient = 0; cycle L = 9-12; cycle territory = 12 tiles; cycle minimum boundary distance = 25.",
      "fixedView": true,
      "sourceReferences": [
        5
      ],
      "audit": {
        "id": "penrose-conway-p4",
        "title": "Penrose Conway p4",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "An eleven-live-tile phase belongs to a least-period-4 contact-graph Conway oscillator; twelve tiles occur in its cycle support and its live population ranges from nine to twelve.",
        "limitations": "The Owens–Stepney catalogue is directly relevant prior work. An exact identification with its illustrated patterns has not been established; independent recovery from soup is not proof of originality.",
        "illustrationGenerations": [
          0,
          1,
          2
        ],
        "rule": "B3/S23",
        "stateCount": 2,
        "neighbourhood": "touch",
        "depth": 8,
        "penroseSeed": "sun",
        "borderRings": 1,
        "initialCellStates": [
          [
            4316,
            1
          ],
          [
            4319,
            1
          ],
          [
            4321,
            1
          ],
          [
            4326,
            1
          ],
          [
            4327,
            1
          ],
          [
            5095,
            1
          ],
          [
            5098,
            1
          ],
          [
            5101,
            1
          ],
          [
            5102,
            1
          ],
          [
            5107,
            1
          ],
          [
            5108,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-conway-p4",
          "title": "Penrose Conway p4",
          "category": "Penrose Conway oscillators",
          "tiling": "penrose",
          "cells": 7920,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 4,
          "minimumAlive": 9,
          "maximumAlive": 12,
          "supportCells": 12,
          "minimumBoundaryDistance": 25,
          "center": [
            -4.425013621648152,
            -1.4377740919589996
          ],
          "radius": 2.491292428273102
        },
        "credit": "Independently found here; published-pattern identity unresolved",
        "provenanceNote": "The package record recovers this exact phase from deterministic soup penrose-touch-B3/S23-2-osc-v3-6566, density 0.16. It has 12 support tiles and minimum population 9. Penrose Conway oscillators were catalogued by Owens and Stepney, but an exact identification with their illustrated patterns has not been established; this is a package search attribution, not a worldwide originality claim.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/mine-oscillators.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            5
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-conway-p4",
        "tiling": "penrose",
        "depth": 8,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7920,
        "verticesPerTile": 4,
        "geometrySHA256": "d2be01eacf58721466179e4d5ae63a755cef1caa8a2d47d4807c98cc70d1fb67",
        "graphSHA256": "18568f6dbf9f7773fd252114168ebae4ddba6da3d4c7449e5cd2d2ed4535431a",
        "initialCellStates": [
          [
            4316,
            1
          ],
          [
            4319,
            1
          ],
          [
            4321,
            1
          ],
          [
            4326,
            1
          ],
          [
            4327,
            1
          ],
          [
            5095,
            1
          ],
          [
            5098,
            1
          ],
          [
            5101,
            1
          ],
          [
            5102,
            1
          ],
          [
            5107,
            1
          ],
          [
            5108,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              4316,
              1
            ],
            [
              4319,
              1
            ],
            [
              4321,
              1
            ],
            [
              4326,
              1
            ],
            [
              4327,
              1
            ],
            [
              5095,
              1
            ],
            [
              5098,
              1
            ],
            [
              5101,
              1
            ],
            [
              5102,
              1
            ],
            [
              5107,
              1
            ],
            [
              5108,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 2,
          "minimumNonzero": 10,
          "maximumNonzero": 12,
          "minimumLive": 10,
          "maximumLive": 12,
          "minimumBoundaryDistance": 25,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 11,
          "live": 11,
          "stateCounts": [
            7909,
            11
          ],
          "minimumBoundaryDistance": 25,
          "nonzeroCentroid": [
            -4.347861289978027,
            -1.4127057790756226
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4da0b661172a9d248717f02f613cf20d47d846b1300776d3989d1f2be7ba6cfd",
          "bounds": [
            -8.057479858398438,
            -5.85410213470459,
            -0.5877852439880371,
            2.927051067352295
          ]
        },
        {
          "t": 1,
          "active": 12,
          "live": 12,
          "stateCounts": [
            7908,
            12
          ],
          "minimumBoundaryDistance": 25,
          "nonzeroCentroid": [
            -4.425013621648152,
            -1.4377740919589996
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "e6eba0e5997b73adc6aada77c524e063fb9cd520a9fdb040b20fc52fdc736979",
          "bounds": [
            -8.057479858398438,
            -5.85410213470459,
            -0.5877852439880371,
            2.927051067352295
          ]
        },
        {
          "t": 2,
          "active": 10,
          "live": 10,
          "stateCounts": [
            7910,
            10
          ],
          "minimumBoundaryDistance": 25,
          "nonzeroCentroid": [
            -4.255278491973877,
            -1.38262380361557
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9c293150bc50c19c9b9860aa3019ea3653b7781d00c2789f955c6c7f0d7d855f",
          "bounds": [
            -8.057479858398438,
            -5.85410213470459,
            -0.5877852439880371,
            2.927051067352295
          ]
        }
      ]
    },
    {
      "id": "penrose-conway-p5",
      "category": "Penrose Conway oscillators",
      "title": "Penrose Conway p5",
      "summary": "A compact eight-cell phase of an isolated period-5 oscillator on the Penrose touch graph.",
      "tiling": "penrose",
      "depth": 8,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 5,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          376,
          1
        ],
        [
          433,
          1
        ],
        [
          1070,
          1
        ],
        [
          1116,
          1
        ],
        [
          1120,
          1
        ],
        [
          1127,
          1
        ],
        [
          1225,
          1
        ],
        [
          1228,
          1
        ]
      ],
      "expectedPeriod": 5,
      "provenance": {
        "status": "package-found",
        "credit": "Independently found here; published-pattern identity unresolved",
        "note": "The exact phase is recorded under soup penrose-touch-B3/S23-2-osc-v3-1151, density 0.35. It has 18 support tiles and minimum population 8. It is not identified with the published r-p5-14-7 juggler: those support/population invariants differ. Other possible earlier matches remain unestablished.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/mine-oscillators.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P07",
      "ruleId": "R27",
      "cataloguePage": 43,
      "measurementText": "Least period p = 5; transient = 0; cycle L = 8-10; cycle territory = 18 tiles; cycle minimum boundary distance = 16.",
      "fixedView": true,
      "sourceReferences": [
        5
      ],
      "audit": {
        "id": "penrose-conway-p5",
        "title": "Penrose Conway p5",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "An eight-live-tile phase belongs to a least-period-5 contact-graph Conway oscillator with eighteen-tile cycle support and live population between eight and ten.",
        "limitations": "Its support and minimum population differ from the published r-p5-14-7 juggler, excluding that particular invariant match. Other possible antecedents have not been ruled out.",
        "illustrationGenerations": [
          0,
          2,
          4
        ],
        "rule": "B3/S23",
        "stateCount": 2,
        "neighbourhood": "touch",
        "depth": 8,
        "penroseSeed": "sun",
        "borderRings": 1,
        "initialCellStates": [
          [
            376,
            1
          ],
          [
            433,
            1
          ],
          [
            1070,
            1
          ],
          [
            1116,
            1
          ],
          [
            1120,
            1
          ],
          [
            1127,
            1
          ],
          [
            1225,
            1
          ],
          [
            1228,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-conway-p5",
          "title": "Penrose Conway p5",
          "category": "Penrose Conway oscillators",
          "tiling": "penrose",
          "cells": 7920,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 5,
          "minimumAlive": 8,
          "maximumAlive": 10,
          "supportCells": 18,
          "minimumBoundaryDistance": 16,
          "center": [
            16.97667137781779,
            5.668058580822414
          ],
          "radius": 2.478242931551505
        },
        "credit": "Independently found here; published-pattern identity unresolved",
        "provenanceNote": "The exact phase is recorded under soup penrose-touch-B3/S23-2-osc-v3-1151, density 0.35. It has 18 support tiles and minimum population 8. It is not identified with the published r-p5-14-7 juggler: those support/population invariants differ. Other possible earlier matches remain unestablished.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/mine-oscillators.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            5
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-conway-p5",
        "tiling": "penrose",
        "depth": 8,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7920,
        "verticesPerTile": 4,
        "geometrySHA256": "d2be01eacf58721466179e4d5ae63a755cef1caa8a2d47d4807c98cc70d1fb67",
        "graphSHA256": "18568f6dbf9f7773fd252114168ebae4ddba6da3d4c7449e5cd2d2ed4535431a",
        "initialCellStates": [
          [
            376,
            1
          ],
          [
            433,
            1
          ],
          [
            1070,
            1
          ],
          [
            1116,
            1
          ],
          [
            1120,
            1
          ],
          [
            1127,
            1
          ],
          [
            1225,
            1
          ],
          [
            1228,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              376,
              1
            ],
            [
              433,
              1
            ],
            [
              1070,
              1
            ],
            [
              1116,
              1
            ],
            [
              1120,
              1
            ],
            [
              1127,
              1
            ],
            [
              1225,
              1
            ],
            [
              1228,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 2,
          "minimumNonzero": 8,
          "maximumNonzero": 8,
          "minimumLive": 8,
          "maximumLive": 8,
          "minimumBoundaryDistance": 16,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 8,
          "live": 8,
          "stateCounts": [
            7912,
            8
          ],
          "minimumBoundaryDistance": 16,
          "nonzeroCentroid": [
            16.658602118492126,
            6.105843484401703
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "638bb7e563aeb23e74dc964f8ad7874d786f146ed38f67076226b5e52d51a953",
          "bounds": [
            13.037276268005371,
            2.927051067352295,
            20.50697135925293,
            9.472135543823242
          ]
        },
        {
          "t": 1,
          "active": 8,
          "live": 8,
          "stateCounts": [
            7912,
            8
          ],
          "minimumBoundaryDistance": 16,
          "nonzeroCentroid": [
            16.77748429775238,
            5.942216336727142
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9952786671580fa9a3cc0f5cc8bb359fd4945bbdf62975d2d3e8d9005fe18f04",
          "bounds": [
            13.037276268005371,
            2.927051067352295,
            20.50697135925293,
            9.472135543823242
          ]
        },
        {
          "t": 2,
          "active": 8,
          "live": 8,
          "stateCounts": [
            7912,
            8
          ],
          "minimumBoundaryDistance": 16,
          "nonzeroCentroid": [
            17.16219472885132,
            5.412707805633545
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9a86faf9e855d321d9879ed435beb7d691ec1410690b04362512a192e4669cc7",
          "bounds": [
            13.037276268005371,
            2.927051067352295,
            20.50697135925293,
            9.472135543823242
          ]
        }
      ]
    },
    {
      "id": "penrose-conway-p7",
      "category": "Penrose Conway oscillators",
      "title": "Penrose Conway p7",
      "summary": "An isolated period-7 oscillator under ordinary B3/S23 with edge-or-corner adjacency.",
      "tiling": "penrose",
      "depth": 8,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 5,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          5545,
          1
        ],
        [
          5546,
          1
        ],
        [
          5549,
          1
        ],
        [
          6188,
          1
        ],
        [
          6189,
          1
        ],
        [
          6200,
          1
        ],
        [
          6216,
          1
        ],
        [
          6225,
          1
        ],
        [
          6226,
          1
        ],
        [
          6227,
          1
        ],
        [
          6230,
          1
        ]
      ],
      "expectedPeriod": 7,
      "provenance": {
        "status": "package-found",
        "credit": "Independently found here; published-pattern identity unresolved",
        "note": "The package soup replay records seed penrose-touch-osc-149, density 0.16, and this exact isolated period-7 phase. It has 20 support tiles and minimum population 7. Prior Penrose Conway oscillator catalogues are relevant background, but an exact earlier-pattern identification remains unestablished.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/mine-oscillators.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P08",
      "ruleId": "R27",
      "cataloguePage": 44,
      "measurementText": "Least period p = 7; transient = 0; cycle L = 7-11; cycle territory = 20 tiles; cycle minimum boundary distance = 7.",
      "fixedView": true,
      "sourceReferences": [
        5
      ],
      "audit": {
        "id": "penrose-conway-p7",
        "title": "Penrose Conway p7",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "An eleven-live-tile phase belongs to a least-period-7 contact-graph Conway oscillator; twenty tiles occur during the cycle and the live population ranges from seven to eleven.",
        "limitations": "Prior Penrose Conway oscillator catalogues are directly relevant; exact earlier-pattern identity remains unresolved.",
        "illustrationGenerations": [
          0,
          2,
          4
        ],
        "rule": "B3/S23",
        "stateCount": 2,
        "neighbourhood": "touch",
        "depth": 8,
        "penroseSeed": "sun",
        "borderRings": 1,
        "initialCellStates": [
          [
            5545,
            1
          ],
          [
            5546,
            1
          ],
          [
            5549,
            1
          ],
          [
            6188,
            1
          ],
          [
            6189,
            1
          ],
          [
            6200,
            1
          ],
          [
            6216,
            1
          ],
          [
            6225,
            1
          ],
          [
            6226,
            1
          ],
          [
            6227,
            1
          ],
          [
            6230,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-conway-p7",
          "title": "Penrose Conway p7",
          "category": "Penrose Conway oscillators",
          "tiling": "penrose",
          "cells": 7920,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 7,
          "minimumAlive": 7,
          "maximumAlive": 11,
          "supportCells": 20,
          "minimumBoundaryDistance": 7,
          "center": [
            -11.109749460220337,
            -28.33540458679199
          ],
          "radius": 3.0327443982380005
        },
        "credit": "Independently found here; published-pattern identity unresolved",
        "provenanceNote": "The package soup replay records seed penrose-touch-osc-149, density 0.16, and this exact isolated period-7 phase. It has 20 support tiles and minimum population 7. Prior Penrose Conway oscillator catalogues are relevant background, but an exact earlier-pattern identification remains unestablished.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/mine-oscillators.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            5
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-conway-p7",
        "tiling": "penrose",
        "depth": 8,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7920,
        "verticesPerTile": 4,
        "geometrySHA256": "d2be01eacf58721466179e4d5ae63a755cef1caa8a2d47d4807c98cc70d1fb67",
        "graphSHA256": "18568f6dbf9f7773fd252114168ebae4ddba6da3d4c7449e5cd2d2ed4535431a",
        "initialCellStates": [
          [
            5545,
            1
          ],
          [
            5546,
            1
          ],
          [
            5549,
            1
          ],
          [
            6188,
            1
          ],
          [
            6189,
            1
          ],
          [
            6200,
            1
          ],
          [
            6216,
            1
          ],
          [
            6225,
            1
          ],
          [
            6226,
            1
          ],
          [
            6227,
            1
          ],
          [
            6230,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              5545,
              1
            ],
            [
              5546,
              1
            ],
            [
              5549,
              1
            ],
            [
              6188,
              1
            ],
            [
              6189,
              1
            ],
            [
              6200,
              1
            ],
            [
              6216,
              1
            ],
            [
              6225,
              1
            ],
            [
              6226,
              1
            ],
            [
              6227,
              1
            ],
            [
              6230,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 3,
          "minimumNonzero": 7,
          "maximumNonzero": 11,
          "minimumLive": 7,
          "maximumLive": 11,
          "minimumBoundaryDistance": 7,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 11,
          "live": 11,
          "stateCounts": [
            7909,
            11
          ],
          "minimumBoundaryDistance": 7,
          "nonzeroCentroid": [
            -11.123469612815164,
            -28.49688581986861
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "8e789a20eeaf67ad484f9abe76def1a2059550fa50d463a0c5ef3a4e26a40dea",
          "bounds": [
            -14.576118469238281,
            -33.270511627197266,
            -7.469695091247559,
            -23.989356994628906
          ]
        },
        {
          "t": 1,
          "active": 11,
          "live": 11,
          "stateCounts": [
            7909,
            11
          ],
          "minimumBoundaryDistance": 7,
          "nonzeroCentroid": [
            -11.290081804448908,
            -29.020395452325996
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9899fda21a27a0357e92c0b489d7d28eacc1d92ba090da9ea3def65826ba4ce6",
          "bounds": [
            -14.576118469238281,
            -33.270511627197266,
            -7.469695091247559,
            -24.79837417602539
          ]
        },
        {
          "t": 3,
          "active": 7,
          "live": 7,
          "stateCounts": [
            7913,
            7
          ],
          "minimumBoundaryDistance": 7,
          "nonzeroCentroid": [
            -10.945062909807477,
            -29.564945220947266
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "575eaeb044c152df17723a7a0d58b6c5c2d2fef4a352819f3b103df1e91e28b3",
          "bounds": [
            -14.576118469238281,
            -33.270511627197266,
            -7.469695091247559,
            -25.607391357421875
          ]
        }
      ]
    },
    {
      "id": "penrose-conway-p12",
      "category": "Penrose Conway oscillators",
      "title": "Penrose Conway p12",
      "summary": "A six-live-cell phase of an isolated period-12 oscillator on the Penrose touch graph.",
      "tiling": "penrose",
      "depth": 8,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          3566,
          1
        ],
        [
          3596,
          1
        ],
        [
          3600,
          1
        ],
        [
          3607,
          1
        ],
        [
          3608,
          1
        ],
        [
          3609,
          1
        ]
      ],
      "expectedPeriod": 12,
      "provenance": {
        "status": "package-found",
        "credit": "Package search; possible Owens–Stepney fireworks match, exact identity unverified",
        "note": "Found from the package’s deterministic soup penrose-touch-osc-98 at density 0.08. The published fireworks oscillator r-p12-33-6 in Stepney’s 2016 Fig. 6, reproduced from Owens–Stepney 2010 Fig. 18.96, has matching period 12, cycle support 33 and minimum population 6. These invariants do not establish identity: the primary phase geometry has not been independently compared. The earlier oscillator is therefore credited as a possible antecedent, without claiming that this is either a confirmed reproduction or a new pattern. Historical priority remains unestablished.",
        "sources": [
          {
            "label": "Stepney (2016), Fig. 6: published fireworks oscillator",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/AAGoL2016.pdf"
          },
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/mine-oscillators.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P09",
      "ruleId": "R27",
      "cataloguePage": 45,
      "measurementText": "Least period p = 12; transient = 0; cycle L = 6-14; cycle territory = 33 tiles; cycle minimum boundary distance = 17.",
      "fixedView": true,
      "sourceReferences": [
        5,
        6
      ],
      "audit": {
        "id": "penrose-conway-p12",
        "title": "Penrose Conway p12",
        "status": "package-found",
        "scope": "unresolved-specific-antecedent",
        "claim": "A six-live-tile phase belongs to a least-period-12 contact-graph Conway oscillator with thirty-three-tile cycle support and live population between six and fourteen.",
        "limitations": "A specific possible antecedent is known: Owens and Stepney’s fireworks oscillator r-p12-33-6, reproduced in Stepney (2016), Fig. 6, from Owens–Stepney (2010), Fig. 18.96. Period, support and minimum population agree, but exact phase geometry and neighbourhood-graph correspondence have not been established. This entry must be labelled unresolved possible precedent, not original or confirmed unprecedented.",
        "illustrationGenerations": [
          0,
          3,
          6
        ],
        "rule": "B3/S23",
        "stateCount": 2,
        "neighbourhood": "touch",
        "depth": 8,
        "penroseSeed": "sun",
        "borderRings": 1,
        "initialCellStates": [
          [
            3566,
            1
          ],
          [
            3596,
            1
          ],
          [
            3600,
            1
          ],
          [
            3607,
            1
          ],
          [
            3608,
            1
          ],
          [
            3609,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-conway-p12",
          "title": "Penrose Conway p12",
          "category": "Penrose Conway oscillators",
          "tiling": "penrose",
          "cells": 7920,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 12,
          "minimumAlive": 6,
          "maximumAlive": 14,
          "supportCells": 33,
          "minimumBoundaryDistance": 17,
          "center": [
            -10.547378467791008,
            11.415505322543057
          ],
          "radius": 3.3408758939273118
        },
        "credit": "Package search; possible Owens–Stepney fireworks match, exact identity unverified",
        "provenanceNote": "Found from the package’s deterministic soup penrose-touch-osc-98 at density 0.08. The published fireworks oscillator r-p12-33-6 in Stepney’s 2016 Fig. 6, reproduced from Owens–Stepney 2010 Fig. 18.96, has matching period 12, cycle support 33 and minimum population 6. These invariants do not establish identity: the primary phase geometry has not been independently compared. The earlier oscillator is therefore credited as a possible antecedent, without claiming that this is either a confirmed reproduction or a new pattern. Historical priority remains unestablished.",
        "sources": [
          {
            "label": "Stepney (2016), Fig. 6: published fireworks oscillator",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/AAGoL2016.pdf"
          },
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/mine-oscillators.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Possible published antecedent; identity unresolved: Owens–Stepney fireworks oscillator r-p12-33-6 [5], Fig. 18.96; [6], Fig. 6. This entry is not claimed original.",
      "citationGroups": [
        {
          "label": "Possible antecedent: fireworks oscillator r-p12-33-6, [5] Fig. 18.96 and [6] Fig. 6; exact phase geometry not compared",
          "references": [
            5,
            6
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-conway-p12",
        "tiling": "penrose",
        "depth": 8,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7920,
        "verticesPerTile": 4,
        "geometrySHA256": "d2be01eacf58721466179e4d5ae63a755cef1caa8a2d47d4807c98cc70d1fb67",
        "graphSHA256": "18568f6dbf9f7773fd252114168ebae4ddba6da3d4c7449e5cd2d2ed4535431a",
        "initialCellStates": [
          [
            3566,
            1
          ],
          [
            3596,
            1
          ],
          [
            3600,
            1
          ],
          [
            3607,
            1
          ],
          [
            3608,
            1
          ],
          [
            3609,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              3566,
              1
            ],
            [
              3596,
              1
            ],
            [
              3600,
              1
            ],
            [
              3607,
              1
            ],
            [
              3608,
              1
            ],
            [
              3609,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 6,
          "minimumNonzero": 6,
          "maximumNonzero": 14,
          "minimumLive": 6,
          "maximumLive": 14,
          "minimumBoundaryDistance": 17,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 6,
          "live": 6,
          "stateCounts": [
            7914,
            6
          ],
          "minimumBoundaryDistance": 19,
          "nonzeroCentroid": [
            -10.88310686747233,
            10.525073687235514
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "ed5eb296ceaf1857c73f01502396781defbcb5ed4ccc837ffc5b610af1062c48",
          "bounds": [
            -13.625061988830566,
            7.663118839263916,
            -7.469695091247559,
            14.20820426940918
          ]
        },
        {
          "t": 3,
          "active": 9,
          "live": 9,
          "stateCounts": [
            7911,
            9
          ],
          "minimumBoundaryDistance": 18,
          "nonzeroCentroid": [
            -11.040143966674805,
            10.903830846150717
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "acc2765c9bf571553d6ee1216f799a2e96754b59ed9aa0aac631dae0b428c26c",
          "bounds": [
            -14.576118469238281,
            7.663118839263916,
            -7.469695091247559,
            14.517220497131348
          ]
        },
        {
          "t": 6,
          "active": 6,
          "live": 6,
          "stateCounts": [
            7914,
            6
          ],
          "minimumBoundaryDistance": 19,
          "nonzeroCentroid": [
            -10.211650212605795,
            10.525073687235514
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "74af500978d35205b526d617dc422bc1f85755e974cd3af4f6aa3e99e3de7729",
          "bounds": [
            -13.625061988830566,
            7.663118839263916,
            -7.469695091247559,
            14.20820426940918
          ]
        }
      ]
    },
    {
      "id": "penrose-edge-conway-p4",
      "category": "Penrose Conway oscillators",
      "title": "Penrose edge-graph p4",
      "summary": "A distinct period-4 Conway oscillator using shared-edge rather than corner-contact adjacency.",
      "tiling": "penrose",
      "depth": 8,
      "penroseSeed": "sun",
      "neighborhood": "edge",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 4,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "cellStates": [
        [
          1135,
          1
        ],
        [
          1136,
          1
        ],
        [
          1137,
          1
        ],
        [
          1141,
          1
        ],
        [
          1157,
          1
        ],
        [
          1171,
          1
        ],
        [
          1176,
          1
        ],
        [
          1177,
          1
        ],
        [
          1178,
          1
        ],
        [
          1179,
          1
        ],
        [
          1192,
          1
        ],
        [
          1194,
          1
        ],
        [
          1195,
          1
        ],
        [
          1199,
          1
        ],
        [
          1200,
          1
        ],
        [
          1201,
          1
        ],
        [
          1203,
          1
        ],
        [
          1917,
          1
        ],
        [
          1919,
          1
        ],
        [
          1922,
          1
        ],
        [
          1975,
          1
        ],
        [
          1976,
          1
        ],
        [
          1977,
          1
        ]
      ],
      "expectedPeriod": 4,
      "provenance": {
        "status": "package-found",
        "credit": "Found by package search; priority unestablished",
        "note": "The exact phase is recorded under soup penrose-edge-B3/S23-2-osc-v3-4732, density 0.30. This example uses edge adjacency, unlike the generalised Moore contact graph in the cited Penrose Conway catalogue. Same rule name or period alone does not identify an earlier exact pattern; external priority remains unestablished.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/mine-oscillators.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P10",
      "ruleId": "R18",
      "cataloguePage": 46,
      "measurementText": "Least period p = 4; transient = 0; cycle L = 22-25; cycle territory = 25 tiles; cycle minimum boundary distance = 41.",
      "fixedView": true,
      "sourceReferences": [
        5
      ],
      "audit": {
        "id": "penrose-edge-conway-p4",
        "title": "Penrose edge-graph p4",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "A twenty-three-live-tile phase initiates a least-period-4 edge-graph Conway oscillator with twenty-five-tile cycle support and live population between twenty-two and twenty-five.",
        "limitations": "The edge graph differs from the generalised Moore/contact graph used in the cited Owens–Stepney catalogue. Shared rule notation and period do not establish identity.",
        "illustrationGenerations": [
          0,
          1,
          2
        ],
        "rule": "B3/S23",
        "stateCount": 2,
        "neighbourhood": "edge",
        "depth": 8,
        "penroseSeed": "sun",
        "borderRings": 1,
        "initialCellStates": [
          [
            1135,
            1
          ],
          [
            1136,
            1
          ],
          [
            1137,
            1
          ],
          [
            1141,
            1
          ],
          [
            1157,
            1
          ],
          [
            1171,
            1
          ],
          [
            1176,
            1
          ],
          [
            1177,
            1
          ],
          [
            1178,
            1
          ],
          [
            1179,
            1
          ],
          [
            1192,
            1
          ],
          [
            1194,
            1
          ],
          [
            1195,
            1
          ],
          [
            1199,
            1
          ],
          [
            1200,
            1
          ],
          [
            1201,
            1
          ],
          [
            1203,
            1
          ],
          [
            1917,
            1
          ],
          [
            1919,
            1
          ],
          [
            1922,
            1
          ],
          [
            1975,
            1
          ],
          [
            1976,
            1
          ],
          [
            1977,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-edge-conway-p4",
          "title": "Penrose edge-graph p4",
          "category": "Penrose Conway oscillators",
          "tiling": "penrose",
          "cells": 7920,
          "neighborhood": "edge",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 4,
          "minimumAlive": 22,
          "maximumAlive": 25,
          "supportCells": 25,
          "minimumBoundaryDistance": 41,
          "center": [
            6.571211452484131,
            5.58508487701416
          ],
          "radius": 4.345034241271557
        },
        "credit": "Found by package search; priority unestablished",
        "provenanceNote": "The exact phase is recorded under soup penrose-edge-B3/S23-2-osc-v3-4732, density 0.30. This example uses edge adjacency, unlike the generalised Moore contact graph in the cited Penrose Conway catalogue. Same rule name or period alone does not identify an earlier exact pattern; external priority remains unestablished.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/mine-oscillators.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            5
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-edge-conway-p4",
        "tiling": "penrose",
        "depth": 8,
        "penroseSeed": "sun",
        "neighbourhood": "edge",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7920,
        "verticesPerTile": 4,
        "geometrySHA256": "d2be01eacf58721466179e4d5ae63a755cef1caa8a2d47d4807c98cc70d1fb67",
        "graphSHA256": "5beead30ff682c851dd42591101b60062bac9f383fa0976e6e9e39fe84611294",
        "initialCellStates": [
          [
            1135,
            1
          ],
          [
            1136,
            1
          ],
          [
            1137,
            1
          ],
          [
            1141,
            1
          ],
          [
            1157,
            1
          ],
          [
            1171,
            1
          ],
          [
            1176,
            1
          ],
          [
            1177,
            1
          ],
          [
            1178,
            1
          ],
          [
            1179,
            1
          ],
          [
            1192,
            1
          ],
          [
            1194,
            1
          ],
          [
            1195,
            1
          ],
          [
            1199,
            1
          ],
          [
            1200,
            1
          ],
          [
            1201,
            1
          ],
          [
            1203,
            1
          ],
          [
            1917,
            1
          ],
          [
            1919,
            1
          ],
          [
            1922,
            1
          ],
          [
            1975,
            1
          ],
          [
            1976,
            1
          ],
          [
            1977,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              1135,
              1
            ],
            [
              1136,
              1
            ],
            [
              1137,
              1
            ],
            [
              1141,
              1
            ],
            [
              1157,
              1
            ],
            [
              1171,
              1
            ],
            [
              1176,
              1
            ],
            [
              1177,
              1
            ],
            [
              1178,
              1
            ],
            [
              1179,
              1
            ],
            [
              1192,
              1
            ],
            [
              1194,
              1
            ],
            [
              1195,
              1
            ],
            [
              1199,
              1
            ],
            [
              1200,
              1
            ],
            [
              1201,
              1
            ],
            [
              1203,
              1
            ],
            [
              1917,
              1
            ],
            [
              1919,
              1
            ],
            [
              1922,
              1
            ],
            [
              1975,
              1
            ],
            [
              1976,
              1
            ],
            [
              1977,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 2,
          "minimumNonzero": 22,
          "maximumNonzero": 24,
          "minimumLive": 22,
          "maximumLive": 24,
          "minimumBoundaryDistance": 41,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 23,
          "live": 23,
          "stateCounts": [
            7897,
            23
          ],
          "minimumBoundaryDistance": 41,
          "nonzeroCentroid": [
            6.563005094942839,
            5.641325121340544
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4c4db7c6df0df5392089f9dd9ef1ad286ccb3588fd4345aaa813bffc9d2e969d",
          "bounds": [
            2.489898204803467,
            2.1180338859558105,
            10.547378540039062,
            10.590169906616211
          ]
        },
        {
          "t": 1,
          "active": 22,
          "live": 22,
          "stateCounts": [
            7898,
            22
          ],
          "minimumBoundaryDistance": 41,
          "nonzeroCentroid": [
            6.543406854976308,
            5.6527227921919385
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b4dada68354fe50247f982f34bf124b2607d99cb426854a0b5a10afe64d59bb7",
          "bounds": [
            2.489898204803467,
            2.1180338859558105,
            10.547378540039062,
            10.590169906616211
          ]
        },
        {
          "t": 2,
          "active": 24,
          "live": 24,
          "stateCounts": [
            7896,
            24
          ],
          "minimumBoundaryDistance": 41,
          "nonzeroCentroid": [
            6.553588330745697,
            5.593189398447673
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "2ccc624e7eecedb28668f5db2f600375144fbfdc9a5d563b007675c289f72f03",
          "bounds": [
            2.489898204803467,
            2.1180338859558105,
            10.547378540039062,
            10.590169906616211
          ]
        }
      ]
    },
    {
      "id": "penrose-b2-c4-compact-traveller",
      "category": "Aperiodic travelling dynamics",
      "title": "Penrose compact traveller",
      "summary": "A seven-cell phase of a compact four-state B2/S wave follows a narrow track for more than 193 tile-edge units in 220 generations; the claim is a verified finite traversal, not proof of motion forever.",
      "tiling": "penrose",
      "depth": 10,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B2/S",
      "generations": 4,
      "borderRings": 0,
      "speed": 10,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -103.93494415283203,
          13.20820426940918,
          92.43650817871094,
          17.135255813598633
        ],
        "steps": 220,
        "padding": 4
      },
      "cellStates": [
        [
          5,
          1
        ],
        [
          11,
          1
        ],
        [
          12,
          3
        ],
        [
          20,
          2
        ],
        [
          21,
          1
        ],
        [
          23,
          2
        ],
        [
          27,
          2
        ]
      ],
      "expectedTravel": {
        "steps": 220,
        "minimumDisplacement": 193,
        "maximumRadius": 2.01,
        "minimumActive": 7,
        "maximumActive": 11,
        "minimumBoundaryDistance": 9,
        "translatedReturn": {
          "fromGeneration": 102,
          "toGeneration": 164,
          "dx": -55.22679090499878,
          "dy": 0,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          2716353629,
          1431658492
        ],
        "finalCellStates": [
          [
            28513,
            3
          ],
          [
            28514,
            2
          ],
          [
            28515,
            2
          ],
          [
            28518,
            1
          ],
          [
            28925,
            1
          ],
          [
            28926,
            3
          ],
          [
            28927,
            1
          ],
          [
            28930,
            1
          ]
        ]
      },
      "provenance": {
        "status": "package-found",
        "credit": "Traveller phase found here; priority unestablished",
        "note": "The package retains an explicit source phase and a polygon-preserving transplant verifier. It is a 4-state B2/S live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no worldwide first-discovery claim is made for this Penrose phase.",
        "sources": [
          {
            "label": "Goucher (2012): earlier Penrose glider under a different rule",
            "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md",
          "research/verify-penrose-traveller.js"
        ]
      },
      "catalogueCode": "P11",
      "ruleId": "R20",
      "cataloguePage": 47,
      "measurementText": "Verified through t = 220; N = 7-11; 220-step replay minimum boundary distance = 9.",
      "fixedView": false,
      "sourceReferences": [
        4
      ],
      "audit": {
        "id": "penrose-b2-c4-compact-traveller",
        "title": "Penrose compact traveller",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "A seven-nonzero-tile phased seed remains connected and compact through 220 generations, traversing 193.270 tile-edge units with seven to eleven nonzero tiles. Generations 102 and 164 have a complete-state translated return with matching three-ring local neighbourhoods.",
        "limitations": "Finite propagation only: a translated return of the occupied state and three surrounding graph rings does not prove that the aperiodic tiling ahead continues to provide equivalent neighbourhoods indefinitely. Goucher (2012) is prior Penrose glider work under a different transition rule.",
        "illustrationGenerations": [
          0,
          102,
          164
        ],
        "rule": "B2/S",
        "stateCount": 4,
        "neighbourhood": "touch",
        "depth": 10,
        "penroseSeed": "sun",
        "borderRings": 0,
        "initialCellStates": [
          [
            5,
            1
          ],
          [
            11,
            1
          ],
          [
            12,
            3
          ],
          [
            20,
            2
          ],
          [
            21,
            1
          ],
          [
            23,
            2
          ],
          [
            27,
            2
          ]
        ],
        "verificationFacts": {
          "id": "penrose-b2-c4-compact-traveller",
          "title": "Penrose compact traveller",
          "category": "Aperiodic travelling dynamics",
          "tiling": "penrose",
          "cells": 54560,
          "neighborhood": "touch",
          "rule": "B2/S",
          "generations": 4,
          "kind": "compact finite traveller",
          "verifiedThrough": 220,
          "initialActive": 7,
          "finalActive": 8,
          "minimumActive": 7,
          "maximumActive": 11,
          "minimumLive": 2,
          "maximumLive": 4,
          "maximumRadius": 1.9884600886805777,
          "minimumBoundaryDistance": 9,
          "displacement": 193.2701844741263,
          "directionality": 0.9887625034557931,
          "maximumSupportComponents": 1,
          "disconnectedGenerations": [],
          "requiredBirthCount": 0,
          "ruleClauseActivity": [],
          "translatedReturn": {
            "fromGeneration": 102,
            "toGeneration": 164,
            "dx": -55.22679090499878,
            "dy": 0,
            "neighborhoodRadius": 3
          },
          "finalHash": [
            2716353629,
            1431658492
          ]
        },
        "credit": "Traveller phase found here; priority unestablished",
        "provenanceNote": "The package retains an explicit source phase and a polygon-preserving transplant verifier. It is a 4-state B2/S live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no worldwide first-discovery claim is made for this Penrose phase.",
        "sources": [
          {
            "label": "Goucher (2012): earlier Penrose glider under a different rule",
            "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md",
          "research/verify-penrose-traveller.js"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            4
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-b2-c4-compact-traveller",
        "tiling": "penrose",
        "depth": 10,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B2/S",
        "states": 4,
        "borderRings": 0,
        "patchTileCount": 54560,
        "verticesPerTile": 4,
        "geometrySHA256": "8b4a5b8a27f01e12ccbe5290713dcd069adfadcc7566bbb8271d1a65992d0766",
        "graphSHA256": "9e9e7a112af200d4b2d4fe2489efdad125c7116ceb23d2f9e585031e607416f2",
        "initialCellStates": [
          [
            5,
            1
          ],
          [
            11,
            1
          ],
          [
            12,
            3
          ],
          [
            20,
            2
          ],
          [
            21,
            1
          ],
          [
            23,
            2
          ],
          [
            27,
            2
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              5,
              1
            ],
            [
              11,
              1
            ],
            [
              12,
              3
            ],
            [
              20,
              2
            ],
            [
              21,
              1
            ],
            [
              23,
              2
            ],
            [
              27,
              2
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 164,
          "minimumNonzero": 7,
          "maximumNonzero": 11,
          "minimumLive": 2,
          "maximumLive": 4,
          "minimumBoundaryDistance": 17,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 7,
          "live": 3,
          "stateCounts": [
            54553,
            3,
            3,
            1
          ],
          "minimumBoundaryDistance": 17,
          "nonzeroCentroid": [
            90.93352399553571,
            15.474305834089007
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "1881d6f287664470d2aa211ee12cbf11dca7db2497fa698ed4a97ebffa130432",
          "bounds": [
            87.81998443603516,
            11.590169906616211,
            93.38756561279297,
            18.75328826904297
          ]
        },
        {
          "t": 102,
          "active": 11,
          "live": 4,
          "stateCounts": [
            54549,
            4,
            3,
            4
          ],
          "minimumBoundaryDistance": 64,
          "nonzeroCentroid": [
            2.71625263040716,
            15.157683285799893
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6b5c325a2a81abd70e1490ea29d735766ea14c34d6e63305a7a55bf3c1d9ff2d",
          "bounds": [
            0,
            11.590169906616211,
            5.567581653594971,
            18.75328826904297
          ]
        },
        {
          "t": 164,
          "active": 11,
          "live": 4,
          "stateCounts": [
            54549,
            4,
            3,
            4
          ],
          "minimumBoundaryDistance": 40,
          "nonzeroCentroid": [
            -52.51053827459162,
            15.157683285799893
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "3134b774df0cbc4ceb39bb2e26088475a164dffcc3d7562b7ce90209760121da",
          "bounds": [
            -55.22679138183594,
            11.590169906616211,
            -49.659210205078125,
            18.75328826904297
          ]
        }
      ]
    },
    {
      "id": "penrose-b2-c5-compact-traveller",
      "category": "Aperiodic travelling dynamics",
      "title": "Penrose five-state traveller",
      "summary": "An eleven-cell phase of the five-state B2/S traveller carries a longer refractory wake along the same Penrose propagation family, moving more than 192 tile-edge units in 220 generations; this is a verified finite traversal, not proof of perpetual motion.",
      "tiling": "penrose",
      "depth": 10,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B2/S",
      "generations": 5,
      "borderRings": 0,
      "speed": 8,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -35.670875549316406,
          -95.5754623413086,
          27.61339569091797,
          91.64840698242188
        ],
        "steps": 220,
        "padding": 4
      },
      "cellStates": [
        [
          17168,
          2
        ],
        [
          17169,
          2
        ],
        [
          17172,
          2
        ],
        [
          17173,
          1
        ],
        [
          17174,
          1
        ],
        [
          17185,
          1
        ],
        [
          17187,
          1
        ],
        [
          17219,
          4
        ],
        [
          17220,
          3
        ],
        [
          17221,
          3
        ],
        [
          17228,
          4
        ]
      ],
      "expectedTravel": {
        "steps": 220,
        "minimumDisplacement": 192,
        "maximumRadius": 2.34,
        "minimumActive": 11,
        "maximumActive": 14,
        "minimumBoundaryDistance": 12,
        "translatedReturn": {
          "fromGeneration": 59,
          "toGeneration": 161,
          "dx": 27.61339521408081,
          "dy": -84.98529226129705,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          1804692515,
          504227277
        ],
        "finalCellStates": [
          [
            44427,
            4
          ],
          [
            44428,
            4
          ],
          [
            44457,
            1
          ],
          [
            44461,
            1
          ],
          [
            44476,
            2
          ],
          [
            44478,
            2
          ],
          [
            44479,
            3
          ],
          [
            44480,
            3
          ],
          [
            44486,
            1
          ],
          [
            44487,
            3
          ],
          [
            44488,
            2
          ],
          [
            44489,
            2
          ]
        ]
      },
      "provenance": {
        "status": "package-found",
        "credit": "Traveller phase found here; priority unestablished",
        "note": "The recorded depth-10 phase is taken from the package's five-state traveller campaign. It is a 5-state B2/S live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no worldwide first-discovery claim is made for this Penrose phase.",
        "sources": [
          {
            "label": "Goucher (2012): earlier Penrose glider under a different rule",
            "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P12",
      "ruleId": "R21",
      "cataloguePage": 48,
      "measurementText": "Verified through t = 220; N = 11-14; 220-step replay minimum boundary distance = 12.",
      "fixedView": false,
      "sourceReferences": [
        4
      ],
      "audit": {
        "id": "penrose-b2-c5-compact-traveller",
        "title": "Penrose five-state traveller",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "An eleven-nonzero-tile phased seed remains connected and compact through 220 generations, traversing 192.391 tile-edge units with eleven to fourteen nonzero tiles. Generations 59 and 161 have a complete-state translated return with matching three-ring local neighbourhoods.",
        "limitations": "Finite propagation only: a translated return of the occupied state and three surrounding graph rings does not prove that the aperiodic tiling ahead continues to provide equivalent neighbourhoods indefinitely. Goucher (2012) is prior Penrose glider work under a different transition rule.",
        "illustrationGenerations": [
          0,
          59,
          161
        ],
        "rule": "B2/S",
        "stateCount": 5,
        "neighbourhood": "touch",
        "depth": 10,
        "penroseSeed": "sun",
        "borderRings": 0,
        "initialCellStates": [
          [
            17168,
            2
          ],
          [
            17169,
            2
          ],
          [
            17172,
            2
          ],
          [
            17173,
            1
          ],
          [
            17174,
            1
          ],
          [
            17185,
            1
          ],
          [
            17187,
            1
          ],
          [
            17219,
            4
          ],
          [
            17220,
            3
          ],
          [
            17221,
            3
          ],
          [
            17228,
            4
          ]
        ],
        "verificationFacts": {
          "id": "penrose-b2-c5-compact-traveller",
          "title": "Penrose five-state traveller",
          "category": "Aperiodic travelling dynamics",
          "tiling": "penrose",
          "cells": 54560,
          "neighborhood": "touch",
          "rule": "B2/S",
          "generations": 5,
          "kind": "compact finite traveller",
          "verifiedThrough": 220,
          "initialActive": 11,
          "finalActive": 12,
          "minimumActive": 11,
          "maximumActive": 14,
          "minimumLive": 2,
          "maximumLive": 4,
          "maximumRadius": 2.3312180258031088,
          "minimumBoundaryDistance": 12,
          "displacement": 192.3908986120292,
          "directionality": 0.9947504985610133,
          "maximumSupportComponents": 1,
          "disconnectedGenerations": [],
          "requiredBirthCount": 0,
          "ruleClauseActivity": [],
          "translatedReturn": {
            "fromGeneration": 59,
            "toGeneration": 161,
            "dx": 27.61339521408081,
            "dy": -84.98529226129705,
            "neighborhoodRadius": 3
          },
          "finalHash": [
            1804692515,
            504227277
          ]
        },
        "credit": "Traveller phase found here; priority unestablished",
        "provenanceNote": "The recorded depth-10 phase is taken from the package's five-state traveller campaign. It is a 5-state B2/S live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no worldwide first-discovery claim is made for this Penrose phase.",
        "sources": [
          {
            "label": "Goucher (2012): earlier Penrose glider under a different rule",
            "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            4
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-b2-c5-compact-traveller",
        "tiling": "penrose",
        "depth": 10,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B2/S",
        "states": 5,
        "borderRings": 0,
        "patchTileCount": 54560,
        "verticesPerTile": 4,
        "geometrySHA256": "8b4a5b8a27f01e12ccbe5290713dcd069adfadcc7566bbb8271d1a65992d0766",
        "graphSHA256": "9e9e7a112af200d4b2d4fe2489efdad125c7116ceb23d2f9e585031e607416f2",
        "initialCellStates": [
          [
            17168,
            2
          ],
          [
            17169,
            2
          ],
          [
            17172,
            2
          ],
          [
            17173,
            1
          ],
          [
            17174,
            1
          ],
          [
            17185,
            1
          ],
          [
            17187,
            1
          ],
          [
            17219,
            4
          ],
          [
            17220,
            3
          ],
          [
            17221,
            3
          ],
          [
            17228,
            4
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              17168,
              2
            ],
            [
              17169,
              2
            ],
            [
              17172,
              2
            ],
            [
              17173,
              1
            ],
            [
              17174,
              1
            ],
            [
              17185,
              1
            ],
            [
              17187,
              1
            ],
            [
              17219,
              4
            ],
            [
              17220,
              3
            ],
            [
              17221,
              3
            ],
            [
              17228,
              4
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 161,
          "minimumNonzero": 11,
          "maximumNonzero": 14,
          "minimumLive": 2,
          "maximumLive": 4,
          "minimumBoundaryDistance": 13,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 11,
          "live": 4,
          "stateCounts": [
            54549,
            4,
            3,
            2,
            2
          ],
          "minimumBoundaryDistance": 13,
          "nonzeroCentroid": [
            -33.84593755548651,
            89.36640514026989
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4125df9c5188fe394f55a9705e9a75c3879433a67322fc03f99dc5d2b4e217ab",
          "bounds": [
            -37.209716796875,
            85.7943115234375,
            -31.054349899291992,
            92.64840698242188
          ]
        },
        {
          "t": 59,
          "active": 11,
          "live": 4,
          "stateCounts": [
            54549,
            4,
            3,
            2,
            2
          ],
          "minimumBoundaryDistance": 47,
          "nonzeroCentroid": [
            -18.6276780908758,
            40.478300614790484
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "ff12ae91ecca371de566bd0658a6467cc3d3b52d62e678410c5351d62bd6c89b",
          "bounds": [
            -21.68254280090332,
            37.19755935668945,
            -14.576118469238281,
            43.55166244506836
          ]
        },
        {
          "t": 161,
          "active": 11,
          "live": 4,
          "stateCounts": [
            54549,
            4,
            3,
            2,
            2
          ],
          "minimumBoundaryDistance": 46,
          "nonzeroCentroid": [
            8.985717123205012,
            -44.50699164650657
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "742a92cbffae53ad513c6815f22d365181106b6bc5f875d0f7acb0d8d082a445",
          "bounds": [
            5.930852890014648,
            -47.7877311706543,
            13.037276268005371,
            -41.43362808227539
          ]
        }
      ]
    },
    {
      "id": "penrose-b2-c6-compact-traveller",
      "category": "Aperiodic travelling dynamics",
      "title": "Penrose six-state traveller",
      "summary": "A fourteen-cell phase of the six-state B2/S traveller remains compact and connected while its longer refractory wake advances more than 192 tile-edge units in 220 generations; this is a verified finite traversal, not proof of perpetual motion.",
      "tiling": "penrose",
      "depth": 10,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B2/S",
      "generations": 6,
      "borderRings": 0,
      "speed": 8,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -97.41630554199219,
          -31.652475357055664,
          99.90620422363281,
          -27.725425720214844
        ],
        "steps": 220,
        "padding": 4
      },
      "cellStates": [
        [
          30966,
          1
        ],
        [
          30970,
          1
        ],
        [
          30976,
          4
        ],
        [
          30977,
          3
        ],
        [
          30978,
          5
        ],
        [
          30980,
          4
        ],
        [
          30983,
          5
        ],
        [
          30984,
          2
        ],
        [
          30985,
          2
        ],
        [
          30987,
          2
        ],
        [
          30988,
          3
        ],
        [
          30989,
          3
        ],
        [
          36409,
          2
        ],
        [
          36419,
          1
        ]
      ],
      "expectedTravel": {
        "steps": 220,
        "minimumDisplacement": 192,
        "maximumRadius": 2.71,
        "minimumActive": 14,
        "maximumActive": 18,
        "minimumBoundaryDistance": 11,
        "translatedReturn": {
          "fromGeneration": 80,
          "toGeneration": 143,
          "dx": 55.22679030895233,
          "dy": 0,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          3638894468,
          346151744
        ],
        "finalCellStates": [
          [
            3681,
            2
          ],
          [
            3682,
            1
          ],
          [
            3683,
            2
          ],
          [
            3692,
            2
          ],
          [
            3693,
            1
          ],
          [
            3695,
            2
          ],
          [
            3696,
            4
          ],
          [
            3698,
            3
          ],
          [
            3699,
            3
          ],
          [
            3700,
            4
          ],
          [
            3701,
            4
          ],
          [
            3702,
            3
          ],
          [
            3703,
            4
          ],
          [
            3708,
            5
          ],
          [
            3709,
            5
          ]
        ]
      },
      "provenance": {
        "status": "package-found",
        "credit": "Traveller phase found here; priority unestablished",
        "note": "The recorded depth-10 phase is taken from the package's six-state traveller campaign. It is a 6-state B2/S live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no worldwide first-discovery claim is made for this Penrose phase.",
        "sources": [
          {
            "label": "Goucher (2012): earlier Penrose glider under a different rule",
            "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P13",
      "ruleId": "R22",
      "cataloguePage": 49,
      "measurementText": "Verified through t = 220; N = 14-18; 220-step replay minimum boundary distance = 11.",
      "fixedView": false,
      "sourceReferences": [
        4
      ],
      "audit": {
        "id": "penrose-b2-c6-compact-traveller",
        "title": "Penrose six-state traveller",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "A fourteen-nonzero-tile phased seed remains connected and compact through 220 generations, traversing 192.268 tile-edge units with fourteen to eighteen nonzero tiles. Generations 80 and 143 have a complete-state translated return with matching three-ring local neighbourhoods.",
        "limitations": "Finite propagation only: a translated return of the occupied state and three surrounding graph rings does not prove that the aperiodic tiling ahead continues to provide equivalent neighbourhoods indefinitely. Goucher (2012) is prior Penrose glider work under a different transition rule.",
        "illustrationGenerations": [
          0,
          80,
          143
        ],
        "rule": "B2/S",
        "stateCount": 6,
        "neighbourhood": "touch",
        "depth": 10,
        "penroseSeed": "sun",
        "borderRings": 0,
        "initialCellStates": [
          [
            30966,
            1
          ],
          [
            30970,
            1
          ],
          [
            30976,
            4
          ],
          [
            30977,
            3
          ],
          [
            30978,
            5
          ],
          [
            30980,
            4
          ],
          [
            30983,
            5
          ],
          [
            30984,
            2
          ],
          [
            30985,
            2
          ],
          [
            30987,
            2
          ],
          [
            30988,
            3
          ],
          [
            30989,
            3
          ],
          [
            36409,
            2
          ],
          [
            36419,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-b2-c6-compact-traveller",
          "title": "Penrose six-state traveller",
          "category": "Aperiodic travelling dynamics",
          "tiling": "penrose",
          "cells": 54560,
          "neighborhood": "touch",
          "rule": "B2/S",
          "generations": 6,
          "kind": "compact finite traveller",
          "verifiedThrough": 220,
          "initialActive": 14,
          "finalActive": 15,
          "minimumActive": 14,
          "maximumActive": 18,
          "minimumLive": 2,
          "maximumLive": 4,
          "maximumRadius": 2.7005639173395912,
          "minimumBoundaryDistance": 11,
          "displacement": 192.26781175971766,
          "directionality": 0.994671764930342,
          "maximumSupportComponents": 1,
          "disconnectedGenerations": [],
          "requiredBirthCount": 0,
          "ruleClauseActivity": [],
          "translatedReturn": {
            "fromGeneration": 80,
            "toGeneration": 143,
            "dx": 55.22679030895233,
            "dy": 0,
            "neighborhoodRadius": 3
          },
          "finalHash": [
            3638894468,
            346151744
          ]
        },
        "credit": "Traveller phase found here; priority unestablished",
        "provenanceNote": "The recorded depth-10 phase is taken from the package's six-state traveller campaign. It is a 6-state B2/S live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no worldwide first-discovery claim is made for this Penrose phase.",
        "sources": [
          {
            "label": "Goucher (2012): earlier Penrose glider under a different rule",
            "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            4
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-b2-c6-compact-traveller",
        "tiling": "penrose",
        "depth": 10,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B2/S",
        "states": 6,
        "borderRings": 0,
        "patchTileCount": 54560,
        "verticesPerTile": 4,
        "geometrySHA256": "8b4a5b8a27f01e12ccbe5290713dcd069adfadcc7566bbb8271d1a65992d0766",
        "graphSHA256": "9e9e7a112af200d4b2d4fe2489efdad125c7116ceb23d2f9e585031e607416f2",
        "initialCellStates": [
          [
            30966,
            1
          ],
          [
            30970,
            1
          ],
          [
            30976,
            4
          ],
          [
            30977,
            3
          ],
          [
            30978,
            5
          ],
          [
            30980,
            4
          ],
          [
            30983,
            5
          ],
          [
            30984,
            2
          ],
          [
            30985,
            2
          ],
          [
            30987,
            2
          ],
          [
            30988,
            3
          ],
          [
            30989,
            3
          ],
          [
            36409,
            2
          ],
          [
            36419,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              30966,
              1
            ],
            [
              30970,
              1
            ],
            [
              30976,
              4
            ],
            [
              30977,
              3
            ],
            [
              30978,
              5
            ],
            [
              30980,
              4
            ],
            [
              30983,
              5
            ],
            [
              30984,
              2
            ],
            [
              30985,
              2
            ],
            [
              30987,
              2
            ],
            [
              30988,
              3
            ],
            [
              30989,
              3
            ],
            [
              36409,
              2
            ],
            [
              36419,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 143,
          "minimumNonzero": 14,
          "maximumNonzero": 18,
          "minimumLive": 2,
          "maximumLive": 4,
          "minimumBoundaryDistance": 13,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 14,
          "live": 3,
          "stateCounts": [
            54546,
            3,
            4,
            3,
            2,
            2
          ],
          "minimumBoundaryDistance": 13,
          "nonzeroCentroid": [
            -95.06416320800781,
            -29.691554886954172
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4df4501ad54b0f840e1b1854c93a2da4aa3d53557bb0328fca5d41aad3592e47",
          "bounds": [
            -99.31842041015625,
            -33.270511627197266,
            -91.84872436523438,
            -26.107391357421875
          ]
        },
        {
          "t": 80,
          "active": 16,
          "live": 4,
          "stateCounts": [
            54544,
            4,
            3,
            4,
            3,
            2
          ],
          "minimumBoundaryDistance": 47,
          "nonzeroCentroid": [
            -26.038840532302856,
            -29.511977076530457
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "786694127543bc8b7f57d7b0ecc718c0b96a67603e206c5fb1db84bf552897c2",
          "bounds": [
            -30.10329246520996,
            -33.270511627197266,
            -22.045812606811523,
            -26.107391357421875
          ]
        },
        {
          "t": 143,
          "active": 16,
          "live": 4,
          "stateCounts": [
            54544,
            4,
            3,
            4,
            3,
            2
          ],
          "minimumBoundaryDistance": 46,
          "nonzeroCentroid": [
            29.187949776649475,
            -29.511977076530457
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "04baf0af0c4bc44b39f280a4b961d7192710697528c975b3c95e620fe4c37794",
          "bounds": [
            25.123497009277344,
            -33.270511627197266,
            33.18097686767578,
            -26.107391357421875
          ]
        }
      ]
    },
    {
      "id": "penrose-b24-c4-launcher-traveller",
      "category": "Aperiodic travelling dynamics",
      "title": "Penrose B24 launcher traveller",
      "summary": "A four-state B24/S launcher uses eight genuine four-neighbour births, briefly splits, then self-cleans into a connected compact wave that travels more than 171 tile-edge units in 200 generations; this is a verified finite traversal, not proof of perpetual motion.",
      "tiling": "penrose",
      "depth": 10,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B24/S",
      "generations": 4,
      "borderRings": 0,
      "speed": 6,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -95.8774642944336,
          -31.652475357055664,
          80.93807220458984,
          -11.590169906616211
        ],
        "steps": 200,
        "padding": 4
      },
      "cellStates": [
        [
          53164,
          3
        ],
        [
          53272,
          1
        ],
        [
          53285,
          3
        ],
        [
          53293,
          3
        ],
        [
          53174,
          3
        ],
        [
          53176,
          1
        ],
        [
          53171,
          3
        ],
        [
          53172,
          1
        ],
        [
          53113,
          2
        ],
        [
          53114,
          3
        ],
        [
          53273,
          1
        ],
        [
          53117,
          3
        ],
        [
          53282,
          1
        ],
        [
          53121,
          3
        ],
        [
          53127,
          2
        ],
        [
          53128,
          1
        ],
        [
          3971,
          3
        ],
        [
          4020,
          1
        ],
        [
          53269,
          2
        ],
        [
          53270,
          1
        ],
        [
          53208,
          3
        ],
        [
          4109,
          2
        ],
        [
          4113,
          1
        ],
        [
          53206,
          2
        ],
        [
          4110,
          3
        ],
        [
          4052,
          3
        ],
        [
          4053,
          1
        ]
      ],
      "expectedTravel": {
        "steps": 200,
        "minimumDisplacement": 171,
        "minimumDirectionality": 0.95,
        "maximumRadius": 7.5,
        "minimumActive": 7,
        "maximumActive": 37,
        "minimumLive": 2,
        "maximumLive": 13,
        "minimumBoundaryDistance": 14,
        "requiredBirths": {
          "liveNeighbors": 4,
          "count": 8,
          "lastToGeneration": 14
        },
        "connectedThroughout": false,
        "connectivity": {
          "maximumSupportComponents": 4,
          "componentCountHistogram": {
            "1": 188,
            "2": 10,
            "3": 1,
            "4": 2
          },
          "disconnectedGenerations": [
            3,
            4,
            8,
            9,
            11,
            12,
            14,
            15,
            16,
            17,
            18,
            19,
            26
          ],
          "firstGenerationConnectedThereafter": 27
        },
        "translatedReturn": {
          "fromGeneration": 63,
          "toGeneration": 126,
          "dx": -55.22679011027019,
          "dy": 0,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          3684102456,
          4123039717
        ],
        "finalCellStates": [
          [
            30581,
            2
          ],
          [
            30584,
            3
          ],
          [
            30585,
            3
          ],
          [
            30590,
            1
          ],
          [
            30596,
            2
          ],
          [
            30597,
            2
          ],
          [
            30599,
            1
          ],
          [
            30739,
            3
          ],
          [
            30756,
            2
          ]
        ]
      },
      "provenance": {
        "status": "package-found",
        "credit": "Launcher found by package search; priority unestablished",
        "note": "The package's altered-rule search supplied this 27-cell phased launcher. Eight B4 births affect its launch; its mature travelling core belongs to the package's B2/S family. This attributes the recorded seed and launch mechanism, not a new recurrent glider core or a proved immortal Penrose glider. No external exact-pattern source has been established.",
        "sources": [],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P14",
      "ruleId": "R24",
      "cataloguePage": 50,
      "measurementText": "Verified through t = 200; N = 7-37; 200-step replay minimum boundary distance = 14.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "penrose-b24-c4-launcher-traveller",
        "title": "Penrose B24 launcher traveller",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "A phased seed of twenty-seven nonzero tiles (ten live and seventeen refractory) produces eight B4 births by generation 14 before settling into a compact B2/S-type wave. The complete configuration traverses 171.841 tile-edge units through generation 200, becoming continuously connected from generation 27.",
        "limitations": "The added B4 clause affects launch; the mature recurrent body belongs to the B2/S family. The recorded seed and launch are distinct catalogue objects, not a new recurrent glider mechanism.",
        "illustrationGenerations": [
          0,
          63,
          126
        ],
        "rule": "B24/S",
        "stateCount": 4,
        "neighbourhood": "touch",
        "depth": 10,
        "penroseSeed": "sun",
        "borderRings": 0,
        "initialCellStates": [
          [
            53164,
            3
          ],
          [
            53272,
            1
          ],
          [
            53285,
            3
          ],
          [
            53293,
            3
          ],
          [
            53174,
            3
          ],
          [
            53176,
            1
          ],
          [
            53171,
            3
          ],
          [
            53172,
            1
          ],
          [
            53113,
            2
          ],
          [
            53114,
            3
          ],
          [
            53273,
            1
          ],
          [
            53117,
            3
          ],
          [
            53282,
            1
          ],
          [
            53121,
            3
          ],
          [
            53127,
            2
          ],
          [
            53128,
            1
          ],
          [
            3971,
            3
          ],
          [
            4020,
            1
          ],
          [
            53269,
            2
          ],
          [
            53270,
            1
          ],
          [
            53208,
            3
          ],
          [
            4109,
            2
          ],
          [
            4113,
            1
          ],
          [
            53206,
            2
          ],
          [
            4110,
            3
          ],
          [
            4052,
            3
          ],
          [
            4053,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-b24-c4-launcher-traveller",
          "title": "Penrose B24 launcher traveller",
          "category": "Aperiodic travelling dynamics",
          "tiling": "penrose",
          "cells": 54560,
          "neighborhood": "touch",
          "rule": "B24/S",
          "generations": 4,
          "kind": "compact finite traveller",
          "verifiedThrough": 200,
          "initialActive": 27,
          "finalActive": 9,
          "minimumActive": 7,
          "maximumActive": 37,
          "minimumLive": 2,
          "maximumLive": 13,
          "maximumRadius": 7.492002853110257,
          "minimumBoundaryDistance": 14,
          "displacement": 171.8407959486262,
          "directionality": 0.9533384870895149,
          "maximumSupportComponents": 4,
          "disconnectedGenerations": [
            3,
            4,
            8,
            9,
            11,
            12,
            14,
            15,
            16,
            17,
            18,
            19,
            26
          ],
          "requiredBirthCount": 8,
          "ruleClauseActivity": [
            {
              "kind": "birth",
              "liveNeighbors": 4,
              "count": 8,
              "lastToGeneration": 14
            }
          ],
          "translatedReturn": {
            "fromGeneration": 63,
            "toGeneration": 126,
            "dx": -55.22679011027019,
            "dy": 0,
            "neighborhoodRadius": 3
          },
          "finalHash": [
            3684102456,
            4123039717
          ]
        },
        "credit": "Launcher found by package search; priority unestablished",
        "provenanceNote": "The package's altered-rule search supplied this 27-cell phased launcher. Eight B4 births affect its launch; its mature travelling core belongs to the package's B2/S family. This attributes the recorded seed and launch mechanism, not a new recurrent glider core or a proved immortal Penrose glider. No external exact-pattern source has been established.",
        "sources": [],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "penrose-b24-c4-launcher-traveller",
        "tiling": "penrose",
        "depth": 10,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B24/S",
        "states": 4,
        "borderRings": 0,
        "patchTileCount": 54560,
        "verticesPerTile": 4,
        "geometrySHA256": "8b4a5b8a27f01e12ccbe5290713dcd069adfadcc7566bbb8271d1a65992d0766",
        "graphSHA256": "9e9e7a112af200d4b2d4fe2489efdad125c7116ceb23d2f9e585031e607416f2",
        "initialCellStates": [
          [
            3971,
            3
          ],
          [
            4020,
            1
          ],
          [
            4052,
            3
          ],
          [
            4053,
            1
          ],
          [
            4109,
            2
          ],
          [
            4110,
            3
          ],
          [
            4113,
            1
          ],
          [
            53113,
            2
          ],
          [
            53114,
            3
          ],
          [
            53117,
            3
          ],
          [
            53121,
            3
          ],
          [
            53127,
            2
          ],
          [
            53128,
            1
          ],
          [
            53164,
            3
          ],
          [
            53171,
            3
          ],
          [
            53172,
            1
          ],
          [
            53174,
            3
          ],
          [
            53176,
            1
          ],
          [
            53206,
            2
          ],
          [
            53208,
            3
          ],
          [
            53269,
            2
          ],
          [
            53270,
            1
          ],
          [
            53272,
            1
          ],
          [
            53273,
            1
          ],
          [
            53282,
            1
          ],
          [
            53285,
            3
          ],
          [
            53293,
            3
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              53164,
              3
            ],
            [
              53272,
              1
            ],
            [
              53285,
              3
            ],
            [
              53293,
              3
            ],
            [
              53174,
              3
            ],
            [
              53176,
              1
            ],
            [
              53171,
              3
            ],
            [
              53172,
              1
            ],
            [
              53113,
              2
            ],
            [
              53114,
              3
            ],
            [
              53273,
              1
            ],
            [
              53117,
              3
            ],
            [
              53282,
              1
            ],
            [
              53121,
              3
            ],
            [
              53127,
              2
            ],
            [
              53128,
              1
            ],
            [
              3971,
              3
            ],
            [
              4020,
              1
            ],
            [
              53269,
              2
            ],
            [
              53270,
              1
            ],
            [
              53208,
              3
            ],
            [
              4109,
              2
            ],
            [
              4113,
              1
            ],
            [
              53206,
              2
            ],
            [
              4110,
              3
            ],
            [
              4052,
              3
            ],
            [
              4053,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 126,
          "minimumNonzero": 7,
          "maximumNonzero": 37,
          "minimumLive": 2,
          "maximumLive": 13,
          "minimumBoundaryDistance": 21,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 27,
          "live": 10,
          "stateCounts": [
            54533,
            10,
            5,
            12
          ],
          "minimumBoundaryDistance": 21,
          "nonzeroCentroid": [
            77.63021681043837,
            -27.020764386212385
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "fba593c95b9126fdbd94a08e12b9292fa98cafd83e5d359f0eaae89297a0862b",
          "bounds": [
            72.29280853271484,
            -33.270511627197266,
            82.25240325927734,
            -20.062305450439453
          ]
        },
        {
          "t": 63,
          "active": 9,
          "live": 4,
          "stateCounts": [
            54551,
            4,
            3,
            2
          ],
          "minimumBoundaryDistance": 54,
          "nonzeroCentroid": [
            26.921756744384766,
            -17.5872130923801
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "adafc61e944a27f1e2f5b1305186904c943c1d2a9234301014c0dcc15b13be2a",
          "bounds": [
            23.58465576171875,
            -20.371322631835938,
            30.10329246520996,
            -13.70820426940918
          ]
        },
        {
          "t": 126,
          "active": 9,
          "live": 4,
          "stateCounts": [
            54551,
            4,
            3,
            2
          ],
          "minimumBoundaryDistance": 53,
          "nonzeroCentroid": [
            -28.305033365885418,
            -17.5872130923801
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9152c07835a8a37a32c8e4228930a99c847fa6476b263d8e40825f603502ca76",
          "bounds": [
            -31.642135620117188,
            -20.371322631835938,
            -25.123497009277344,
            -13.70820426940918
          ]
        }
      ]
    },
    {
      "id": "penrose-b2s4-c5-survival-launcher",
      "category": "Aperiodic travelling dynamics",
      "title": "Penrose B2/S4 survival launcher",
      "summary": "Seven live cells use two genuine S4 survivals to launch a compact five-state wave that travels more than 170 tile-edge units in 200 generations; this is a verified finite traversal, not proof of perpetual motion.",
      "tiling": "penrose",
      "depth": 10,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B2/S4",
      "generations": 5,
      "borderRings": 0,
      "speed": 5,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -71.34175109863281,
          -57.56888198852539,
          74.78270721435547,
          48.59674835205078
        ],
        "steps": 200,
        "padding": 4
      },
      "cellStates": [
        [
          53470,
          1
        ],
        [
          53474,
          1
        ],
        [
          53475,
          1
        ],
        [
          53620,
          1
        ],
        [
          53619,
          1
        ],
        [
          53622,
          1
        ],
        [
          53789,
          1
        ]
      ],
      "expectedTravel": {
        "steps": 200,
        "minimumDisplacement": 170,
        "minimumDirectionality": 0.95,
        "maximumRadius": 9.26,
        "minimumActive": 7,
        "maximumActive": 31,
        "minimumLive": 2,
        "maximumLive": 9,
        "minimumBoundaryDistance": 17,
        "expectedRuleClauses": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 670,
            "lastToGeneration": 200
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 2,
            "lastToGeneration": 7
          }
        ],
        "connectedThroughout": false,
        "connectivity": {
          "maximumSupportComponents": 2,
          "componentCountHistogram": {
            "1": 196,
            "2": 5
          },
          "disconnectedGenerations": [
            5,
            10,
            11,
            12,
            13
          ],
          "firstGenerationConnectedThereafter": 14
        },
        "translatedReturn": {
          "fromGeneration": 36,
          "toGeneration": 60,
          "dx": -17.066017150878906,
          "dy": 12.399187088012695,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          3636027621,
          1670214676
        ],
        "finalCellStates": [
          [
            26442,
            4
          ],
          [
            26456,
            3
          ],
          [
            26582,
            3
          ],
          [
            26587,
            4
          ],
          [
            26588,
            4
          ],
          [
            26598,
            2
          ],
          [
            26605,
            3
          ],
          [
            26606,
            3
          ],
          [
            26608,
            2
          ],
          [
            26609,
            1
          ],
          [
            26610,
            1
          ]
        ]
      },
      "provenance": {
        "status": "package-found",
        "credit": "Launcher found by package search; priority unestablished",
        "note": "This seven-live-cell seed comes from the package's Penrose traveller search. Two S4 survivals distinguish its launch before it settles into the established B2/S-type wave. The exact seed, clause ablation and finite traversal are documented; prior worldwide identity of this launch is unestablished.",
        "sources": [],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P15",
      "ruleId": "R23",
      "cataloguePage": 51,
      "measurementText": "Verified through t = 200; N = 7-31; 200-step replay minimum boundary distance = 17.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "penrose-b2s4-c5-survival-launcher",
        "title": "Penrose B2/S4 survival launcher",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "Seven initially live tiles undergo two S4 survivals by generation 7 and launch a five-state B2/S-type wave. The configuration traverses 170.831 tile-edge units in 200 generations, becoming continuously connected from generation 14.",
        "limitations": "S4 affects ignition but does not establish a new mature travelling mechanism. This is a finite one-off launch.",
        "illustrationGenerations": [
          0,
          36,
          60
        ],
        "rule": "B2/S4",
        "stateCount": 5,
        "neighbourhood": "touch",
        "depth": 10,
        "penroseSeed": "sun",
        "borderRings": 0,
        "initialCellStates": [
          [
            53470,
            1
          ],
          [
            53474,
            1
          ],
          [
            53475,
            1
          ],
          [
            53620,
            1
          ],
          [
            53619,
            1
          ],
          [
            53622,
            1
          ],
          [
            53789,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-b2s4-c5-survival-launcher",
          "title": "Penrose B2/S4 survival launcher",
          "category": "Aperiodic travelling dynamics",
          "tiling": "penrose",
          "cells": 54560,
          "neighborhood": "touch",
          "rule": "B2/S4",
          "generations": 5,
          "kind": "compact finite traveller",
          "verifiedThrough": 200,
          "initialActive": 7,
          "finalActive": 11,
          "minimumActive": 7,
          "maximumActive": 31,
          "minimumLive": 2,
          "maximumLive": 9,
          "maximumRadius": 9.25372805427761,
          "minimumBoundaryDistance": 17,
          "displacement": 170.83137866903294,
          "directionality": 0.9614596962129321,
          "maximumSupportComponents": 2,
          "disconnectedGenerations": [
            5,
            10,
            11,
            12,
            13
          ],
          "requiredBirthCount": 0,
          "ruleClauseActivity": [
            {
              "kind": "birth",
              "liveNeighbors": 2,
              "count": 670,
              "lastToGeneration": 200
            },
            {
              "kind": "survival",
              "liveNeighbors": 4,
              "count": 2,
              "lastToGeneration": 7
            }
          ],
          "translatedReturn": {
            "fromGeneration": 36,
            "toGeneration": 60,
            "dx": -17.066017468770344,
            "dy": 12.399185975392662,
            "neighborhoodRadius": 3
          },
          "finalHash": [
            3636027621,
            1670214676
          ]
        },
        "credit": "Launcher found by package search; priority unestablished",
        "provenanceNote": "This seven-live-cell seed comes from the package's Penrose traveller search. Two S4 survivals distinguish its launch before it settles into the established B2/S-type wave. The exact seed, clause ablation and finite traversal are documented; prior worldwide identity of this launch is unestablished.",
        "sources": [],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "penrose-b2s4-c5-survival-launcher",
        "tiling": "penrose",
        "depth": 10,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B2/S4",
        "states": 5,
        "borderRings": 0,
        "patchTileCount": 54560,
        "verticesPerTile": 4,
        "geometrySHA256": "8b4a5b8a27f01e12ccbe5290713dcd069adfadcc7566bbb8271d1a65992d0766",
        "graphSHA256": "9e9e7a112af200d4b2d4fe2489efdad125c7116ceb23d2f9e585031e607416f2",
        "initialCellStates": [
          [
            53470,
            1
          ],
          [
            53474,
            1
          ],
          [
            53475,
            1
          ],
          [
            53619,
            1
          ],
          [
            53620,
            1
          ],
          [
            53622,
            1
          ],
          [
            53789,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              53470,
              1
            ],
            [
              53474,
              1
            ],
            [
              53475,
              1
            ],
            [
              53620,
              1
            ],
            [
              53619,
              1
            ],
            [
              53622,
              1
            ],
            [
              53789,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 60,
          "minimumNonzero": 7,
          "maximumNonzero": 31,
          "minimumLive": 2,
          "maximumLive": 9,
          "minimumBoundaryDistance": 17,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 7,
          "live": 7,
          "stateCounts": [
            54553,
            7,
            0,
            0,
            0
          ],
          "minimumBoundaryDistance": 18,
          "nonzeroCentroid": [
            71.66537584577289,
            -49.55904279436384
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "0b5bce1433580a5e644ba0559090c5e57801ee290335eb7155facc56f0db7281",
          "bounds": [
            67.67628479003906,
            -52.83281707763672,
            74.78270721435547,
            -46.66969680786133
          ]
        },
        {
          "t": 36,
          "active": 12,
          "live": 4,
          "stateCounts": [
            54548,
            4,
            2,
            2,
            4
          ],
          "minimumBoundaryDistance": 35,
          "nonzeroCentroid": [
            46.71827379862467,
            -37.63577779134115
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6d85852d94bd8c1575fa5998692c1636ccfb1e096a0490b14b948ff87a2bc140",
          "bounds": [
            43.14057159423828,
            -41.43362808227539,
            50.24699401855469,
            -34.270511627197266
          ]
        },
        {
          "t": 60,
          "active": 12,
          "live": 4,
          "stateCounts": [
            54548,
            4,
            2,
            2,
            4
          ],
          "minimumBoundaryDistance": 48,
          "nonzeroCentroid": [
            29.65225632985433,
            -25.236591815948486
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b4e7d6bd6e7e57fa3d110d480c900e0087633086978af08d04c3a54f3e88c803",
          "bounds": [
            26.074552536010742,
            -29.034440994262695,
            33.18097686767578,
            -21.871322631835938
          ]
        }
      ]
    },
    {
      "id": "penrose-b26s-c4-birth-launcher",
      "category": "Aperiodic travelling dynamics",
      "title": "Penrose B26/S birth launcher",
      "summary": "An eighteen-cell phased seed uses one genuine six-neighbour birth, self-cleans after a brief split, and travels more than 175 tile-edge units in 200 generations; this is a verified finite traversal, not proof of perpetual motion.",
      "tiling": "penrose",
      "depth": 10,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B26/S",
      "generations": 4,
      "borderRings": 0,
      "speed": 6,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -56.1778450012207,
          -96.5754623413086,
          6.5186381340026855,
          75.20413970947266
        ],
        "steps": 200,
        "padding": 4
      },
      "cellStates": [
        [
          20355,
          2
        ],
        [
          20356,
          2
        ],
        [
          20357,
          3
        ],
        [
          20361,
          1
        ],
        [
          20364,
          1
        ],
        [
          20367,
          1
        ],
        [
          20369,
          1
        ],
        [
          20370,
          1
        ],
        [
          20373,
          1
        ],
        [
          20375,
          1
        ],
        [
          20376,
          1
        ],
        [
          25826,
          2
        ],
        [
          25798,
          3
        ],
        [
          25800,
          3
        ],
        [
          25806,
          2
        ],
        [
          26236,
          3
        ],
        [
          25814,
          2
        ],
        [
          25822,
          3
        ]
      ],
      "expectedTravel": {
        "steps": 200,
        "minimumDisplacement": 175,
        "minimumDirectionality": 0.98,
        "maximumRadius": 4.68,
        "minimumActive": 7,
        "maximumActive": 20,
        "minimumLive": 2,
        "maximumLive": 8,
        "minimumBoundaryDistance": 15,
        "expectedRuleClauses": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 637,
            "lastToGeneration": 200
          },
          {
            "kind": "birth",
            "liveNeighbors": 6,
            "count": 1,
            "lastToGeneration": 1
          }
        ],
        "connectedThroughout": false,
        "connectivity": {
          "maximumSupportComponents": 3,
          "componentCountHistogram": {
            "1": 198,
            "2": 1,
            "3": 2
          },
          "disconnectedGenerations": [
            1,
            3,
            4
          ],
          "firstGenerationConnectedThereafter": 5
        },
        "translatedReturn": {
          "fromGeneration": 32,
          "toGeneration": 56,
          "dx": 6.518638610839844,
          "dy": -20.062305450439453,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          2007869915,
          447599390
        ],
        "finalCellStates": [
          [
            46941,
            3
          ],
          [
            46942,
            3
          ],
          [
            46946,
            1
          ],
          [
            46952,
            2
          ],
          [
            46953,
            3
          ],
          [
            46955,
            3
          ],
          [
            46957,
            2
          ],
          [
            47375,
            2
          ],
          [
            47377,
            1
          ],
          [
            47382,
            1
          ],
          [
            47391,
            1
          ]
        ]
      },
      "provenance": {
        "status": "package-found",
        "credit": "Launcher found by package search; priority unestablished",
        "note": "The package search supplied this eighteen-cell phased seed. One B6 birth genuinely affects the launch; its eventual recurrent wave uses the established B2/S mechanism. It is a separately recorded launcher rather than evidence of a new recurrent rule mechanism. No external exact-pattern attribution was established.",
        "sources": [],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P16",
      "ruleId": "R25",
      "cataloguePage": 52,
      "measurementText": "Verified through t = 200; N = 7-20; 200-step replay minimum boundary distance = 15.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "penrose-b26s-c4-birth-launcher",
        "title": "Penrose B26/S birth launcher",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "An eighteen-nonzero-tile phased seed uses one B6 birth at the first update, then self-cleans into a four-state B2/S-type wave. It traverses 175.890 tile-edge units in 200 generations and remains connected from generation 5.",
        "limitations": "The extra B6 birth is an ignition event. The eventual travelling body uses the established B2/S mechanism; no indefinite continuation is established.",
        "illustrationGenerations": [
          0,
          32,
          56
        ],
        "rule": "B26/S",
        "stateCount": 4,
        "neighbourhood": "touch",
        "depth": 10,
        "penroseSeed": "sun",
        "borderRings": 0,
        "initialCellStates": [
          [
            20355,
            2
          ],
          [
            20356,
            2
          ],
          [
            20357,
            3
          ],
          [
            20361,
            1
          ],
          [
            20364,
            1
          ],
          [
            20367,
            1
          ],
          [
            20369,
            1
          ],
          [
            20370,
            1
          ],
          [
            20373,
            1
          ],
          [
            20375,
            1
          ],
          [
            20376,
            1
          ],
          [
            25826,
            2
          ],
          [
            25798,
            3
          ],
          [
            25800,
            3
          ],
          [
            25806,
            2
          ],
          [
            26236,
            3
          ],
          [
            25814,
            2
          ],
          [
            25822,
            3
          ]
        ],
        "verificationFacts": {
          "id": "penrose-b26s-c4-birth-launcher",
          "title": "Penrose B26/S birth launcher",
          "category": "Aperiodic travelling dynamics",
          "tiling": "penrose",
          "cells": 54560,
          "neighborhood": "touch",
          "rule": "B26/S",
          "generations": 4,
          "kind": "compact finite traveller",
          "verifiedThrough": 200,
          "initialActive": 18,
          "finalActive": 11,
          "minimumActive": 7,
          "maximumActive": 20,
          "minimumLive": 2,
          "maximumLive": 8,
          "maximumRadius": 4.670473827658084,
          "minimumBoundaryDistance": 15,
          "displacement": 175.89045263065336,
          "directionality": 0.9808926027720214,
          "maximumSupportComponents": 3,
          "disconnectedGenerations": [
            1,
            3,
            4
          ],
          "requiredBirthCount": 0,
          "ruleClauseActivity": [
            {
              "kind": "birth",
              "liveNeighbors": 2,
              "count": 637,
              "lastToGeneration": 200
            },
            {
              "kind": "birth",
              "liveNeighbors": 6,
              "count": 1,
              "lastToGeneration": 1
            }
          ],
          "translatedReturn": {
            "fromGeneration": 32,
            "toGeneration": 56,
            "dx": 6.518638610839844,
            "dy": -20.062304496765137,
            "neighborhoodRadius": 3
          },
          "finalHash": [
            2007869915,
            447599390
          ]
        },
        "credit": "Launcher found by package search; priority unestablished",
        "provenanceNote": "The package search supplied this eighteen-cell phased seed. One B6 birth genuinely affects the launch; its eventual recurrent wave uses the established B2/S mechanism. It is a separately recorded launcher rather than evidence of a new recurrent rule mechanism. No external exact-pattern attribution was established.",
        "sources": [],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "penrose-b26s-c4-birth-launcher",
        "tiling": "penrose",
        "depth": 10,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B26/S",
        "states": 4,
        "borderRings": 0,
        "patchTileCount": 54560,
        "verticesPerTile": 4,
        "geometrySHA256": "8b4a5b8a27f01e12ccbe5290713dcd069adfadcc7566bbb8271d1a65992d0766",
        "graphSHA256": "9e9e7a112af200d4b2d4fe2489efdad125c7116ceb23d2f9e585031e607416f2",
        "initialCellStates": [
          [
            20355,
            2
          ],
          [
            20356,
            2
          ],
          [
            20357,
            3
          ],
          [
            20361,
            1
          ],
          [
            20364,
            1
          ],
          [
            20367,
            1
          ],
          [
            20369,
            1
          ],
          [
            20370,
            1
          ],
          [
            20373,
            1
          ],
          [
            20375,
            1
          ],
          [
            20376,
            1
          ],
          [
            25798,
            3
          ],
          [
            25800,
            3
          ],
          [
            25806,
            2
          ],
          [
            25814,
            2
          ],
          [
            25822,
            3
          ],
          [
            25826,
            2
          ],
          [
            26236,
            3
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              20355,
              2
            ],
            [
              20356,
              2
            ],
            [
              20357,
              3
            ],
            [
              20361,
              1
            ],
            [
              20364,
              1
            ],
            [
              20367,
              1
            ],
            [
              20369,
              1
            ],
            [
              20370,
              1
            ],
            [
              20373,
              1
            ],
            [
              20375,
              1
            ],
            [
              20376,
              1
            ],
            [
              25826,
              2
            ],
            [
              25798,
              3
            ],
            [
              25800,
              3
            ],
            [
              25806,
              2
            ],
            [
              26236,
              3
            ],
            [
              25814,
              2
            ],
            [
              25822,
              3
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 56,
          "minimumNonzero": 7,
          "maximumNonzero": 20,
          "minimumLive": 2,
          "maximumLive": 8,
          "minimumBoundaryDistance": 19,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 18,
          "live": 8,
          "stateCounts": [
            54542,
            8,
            5,
            5
          ],
          "minimumBoundaryDistance": 19,
          "nonzeroCentroid": [
            -51.70476192898221,
            71.80939568413629
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9f84ee7c8348b6a5c6a313a5d7f7e1afaac955c211114713d6dcb2228469b44a",
          "bounds": [
            -57.353416442871094,
            66.73200225830078,
            -46.58152389526367,
            77.01315307617188
          ]
        },
        {
          "t": 32,
          "active": 8,
          "live": 2,
          "stateCounts": [
            54552,
            2,
            2,
            4
          ],
          "minimumBoundaryDistance": 35,
          "nonzeroCentroid": [
            -40.91650104522705,
            46.09807729721069
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b78ddb601b1d71ff3913572fc1807c481eaecbc704ee98e7a013de1ac75cc351",
          "bounds": [
            -44.679412841796875,
            42.742645263671875,
            -38.16077423095703,
            49.59674835205078
          ]
        },
        {
          "t": 56,
          "active": 8,
          "live": 2,
          "stateCounts": [
            54552,
            2,
            2,
            4
          ],
          "minimumBoundaryDistance": 47,
          "nonzeroCentroid": [
            -34.39786243438721,
            26.035772800445557
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "125c1db57dca8653887a2e0d64b7a87cbf2cdca6e77fee45300a847e652258b7",
          "bounds": [
            -38.16077423095703,
            22.680339813232422,
            -31.642135620117188,
            29.534440994262695
          ]
        }
      ]
    },
    {
      "id": "penrose-b27s4-c4-dual-clause-launcher",
      "category": "Aperiodic travelling dynamics",
      "title": "Penrose B27/S4 dual-clause launcher",
      "summary": "A live-cell seed uses both added clauses—four B7 births and seven S4 survivals—then self-cleans into a compact four-state wave that travels more than 177 tile-edge units in 200 generations; this is a verified finite traversal.",
      "tiling": "penrose",
      "depth": 10,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B27/S4",
      "generations": 4,
      "borderRings": 0,
      "speed": 5,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -8.057479858398438,
          -94.76644134521484,
          53.687950134277344,
          80.24922180175781
        ],
        "steps": 200,
        "padding": 4
      },
      "cellStates": [
        [
          42184,
          1
        ],
        [
          42599,
          1
        ],
        [
          42185,
          1
        ],
        [
          42614,
          1
        ],
        [
          42613,
          1
        ],
        [
          42180,
          1
        ],
        [
          42618,
          1
        ],
        [
          42591,
          1
        ],
        [
          42596,
          1
        ],
        [
          42195,
          1
        ],
        [
          42606,
          1
        ],
        [
          42595,
          1
        ],
        [
          42616,
          1
        ],
        [
          42610,
          1
        ],
        [
          42598,
          1
        ],
        [
          42611,
          1
        ],
        [
          47629,
          1
        ],
        [
          42200,
          1
        ],
        [
          42619,
          1
        ],
        [
          42194,
          1
        ],
        [
          42197,
          1
        ],
        [
          42183,
          1
        ],
        [
          42620,
          1
        ],
        [
          42189,
          1
        ],
        [
          42609,
          1
        ],
        [
          42608,
          1
        ]
      ],
      "expectedTravel": {
        "steps": 200,
        "minimumDisplacement": 177,
        "minimumDirectionality": 0.98,
        "maximumRadius": 8.76,
        "minimumActive": 7,
        "maximumActive": 54,
        "minimumLive": 2,
        "maximumLive": 26,
        "minimumBoundaryDistance": 15,
        "expectedRuleClauses": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 660,
            "lastToGeneration": 200
          },
          {
            "kind": "birth",
            "liveNeighbors": 7,
            "count": 4,
            "lastToGeneration": 1
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 7,
            "lastToGeneration": 4
          }
        ],
        "connectedThroughout": false,
        "connectivity": {
          "maximumSupportComponents": 5,
          "componentCountHistogram": {
            "1": 199,
            "5": 2
          },
          "disconnectedGenerations": [
            4,
            5
          ],
          "firstGenerationConnectedThereafter": 6
        },
        "translatedReturn": {
          "fromGeneration": 34,
          "toGeneration": 58,
          "dx": 6.5186384064810605,
          "dy": 20.062305450439453,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          3375366975,
          1925669226
        ],
        "finalCellStates": [
          [
            14200,
            3
          ],
          [
            14201,
            3
          ],
          [
            14204,
            3
          ],
          [
            14205,
            2
          ],
          [
            14206,
            2
          ],
          [
            14216,
            1
          ],
          [
            14217,
            2
          ],
          [
            14219,
            2
          ],
          [
            14221,
            1
          ],
          [
            14639,
            1
          ]
        ]
      },
      "provenance": {
        "status": "package-found",
        "credit": "Launcher found by package search; priority unestablished",
        "note": "The recorded 26-live-cell launch comes from the package's altered-rule campaign. Both added clauses fire during launch: B7 births and S4 survivals. The mature core belongs to the B2/S travelling family. This is package provenance for the seed, with external first-discovery priority unestablished.",
        "sources": [],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P17",
      "ruleId": "R26",
      "cataloguePage": 53,
      "measurementText": "Verified through t = 200; N = 7-54; 200-step replay minimum boundary distance = 15.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "penrose-b27s4-c4-dual-clause-launcher",
        "title": "Penrose B27/S4 dual-clause launcher",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "Twenty-six live tiles use four B7 births at the first update and seven S4 survivals by generation 4, then self-clean into a four-state B2/S-type wave. The configuration traverses 177.349 tile-edge units in 200 generations, becoming continuously connected from generation 6.",
        "limitations": "Both added clauses affect launch, but the mature core belongs to the B2/S family. This is neither a new recurrent rule mechanism nor a repeating gun.",
        "illustrationGenerations": [
          0,
          34,
          58
        ],
        "rule": "B27/S4",
        "stateCount": 4,
        "neighbourhood": "touch",
        "depth": 10,
        "penroseSeed": "sun",
        "borderRings": 0,
        "initialCellStates": [
          [
            42184,
            1
          ],
          [
            42599,
            1
          ],
          [
            42185,
            1
          ],
          [
            42614,
            1
          ],
          [
            42613,
            1
          ],
          [
            42180,
            1
          ],
          [
            42618,
            1
          ],
          [
            42591,
            1
          ],
          [
            42596,
            1
          ],
          [
            42195,
            1
          ],
          [
            42606,
            1
          ],
          [
            42595,
            1
          ],
          [
            42616,
            1
          ],
          [
            42610,
            1
          ],
          [
            42598,
            1
          ],
          [
            42611,
            1
          ],
          [
            47629,
            1
          ],
          [
            42200,
            1
          ],
          [
            42619,
            1
          ],
          [
            42194,
            1
          ],
          [
            42197,
            1
          ],
          [
            42183,
            1
          ],
          [
            42620,
            1
          ],
          [
            42189,
            1
          ],
          [
            42609,
            1
          ],
          [
            42608,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-b27s4-c4-dual-clause-launcher",
          "title": "Penrose B27/S4 dual-clause launcher",
          "category": "Aperiodic travelling dynamics",
          "tiling": "penrose",
          "cells": 54560,
          "neighborhood": "touch",
          "rule": "B27/S4",
          "generations": 4,
          "kind": "compact finite traveller",
          "verifiedThrough": 200,
          "initialActive": 26,
          "finalActive": 10,
          "minimumActive": 7,
          "maximumActive": 54,
          "minimumLive": 2,
          "maximumLive": 26,
          "maximumRadius": 8.75165080127383,
          "minimumBoundaryDistance": 15,
          "displacement": 177.3490932707913,
          "directionality": 0.9877788019346218,
          "maximumSupportComponents": 5,
          "disconnectedGenerations": [
            4,
            5
          ],
          "requiredBirthCount": 0,
          "ruleClauseActivity": [
            {
              "kind": "birth",
              "liveNeighbors": 2,
              "count": 660,
              "lastToGeneration": 200
            },
            {
              "kind": "birth",
              "liveNeighbors": 7,
              "count": 4,
              "lastToGeneration": 1
            },
            {
              "kind": "survival",
              "liveNeighbors": 4,
              "count": 7,
              "lastToGeneration": 4
            }
          ],
          "translatedReturn": {
            "fromGeneration": 34,
            "toGeneration": 58,
            "dx": 6.5186384064810605,
            "dy": 20.062305450439453,
            "neighborhoodRadius": 3
          },
          "finalHash": [
            3375366975,
            1925669226
          ]
        },
        "credit": "Launcher found by package search; priority unestablished",
        "provenanceNote": "The recorded 26-live-cell launch comes from the package's altered-rule campaign. Both added clauses fire during launch: B7 births and S4 survivals. The mature core belongs to the B2/S travelling family. This is package provenance for the seed, with external first-discovery priority unestablished.",
        "sources": [],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "research/search-mobile-patterns.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "penrose-b27s4-c4-dual-clause-launcher",
        "tiling": "penrose",
        "depth": 10,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B27/S4",
        "states": 4,
        "borderRings": 0,
        "patchTileCount": 54560,
        "verticesPerTile": 4,
        "geometrySHA256": "8b4a5b8a27f01e12ccbe5290713dcd069adfadcc7566bbb8271d1a65992d0766",
        "graphSHA256": "9e9e7a112af200d4b2d4fe2489efdad125c7116ceb23d2f9e585031e607416f2",
        "initialCellStates": [
          [
            42180,
            1
          ],
          [
            42183,
            1
          ],
          [
            42184,
            1
          ],
          [
            42185,
            1
          ],
          [
            42189,
            1
          ],
          [
            42194,
            1
          ],
          [
            42195,
            1
          ],
          [
            42197,
            1
          ],
          [
            42200,
            1
          ],
          [
            42591,
            1
          ],
          [
            42595,
            1
          ],
          [
            42596,
            1
          ],
          [
            42598,
            1
          ],
          [
            42599,
            1
          ],
          [
            42606,
            1
          ],
          [
            42608,
            1
          ],
          [
            42609,
            1
          ],
          [
            42610,
            1
          ],
          [
            42611,
            1
          ],
          [
            42613,
            1
          ],
          [
            42614,
            1
          ],
          [
            42616,
            1
          ],
          [
            42618,
            1
          ],
          [
            42619,
            1
          ],
          [
            42620,
            1
          ],
          [
            47629,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              42184,
              1
            ],
            [
              42599,
              1
            ],
            [
              42185,
              1
            ],
            [
              42614,
              1
            ],
            [
              42613,
              1
            ],
            [
              42180,
              1
            ],
            [
              42618,
              1
            ],
            [
              42591,
              1
            ],
            [
              42596,
              1
            ],
            [
              42195,
              1
            ],
            [
              42606,
              1
            ],
            [
              42595,
              1
            ],
            [
              42616,
              1
            ],
            [
              42610,
              1
            ],
            [
              42598,
              1
            ],
            [
              42611,
              1
            ],
            [
              47629,
              1
            ],
            [
              42200,
              1
            ],
            [
              42619,
              1
            ],
            [
              42194,
              1
            ],
            [
              42197,
              1
            ],
            [
              42183,
              1
            ],
            [
              42620,
              1
            ],
            [
              42189,
              1
            ],
            [
              42609,
              1
            ],
            [
              42608,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 58,
          "minimumNonzero": 7,
          "maximumNonzero": 54,
          "minimumLive": 2,
          "maximumLive": 26,
          "minimumBoundaryDistance": 16,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 26,
          "live": 26,
          "stateCounts": [
            54534,
            26,
            0,
            0
          ],
          "minimumBoundaryDistance": 17,
          "nonzeroCentroid": [
            -3.2550015449523926,
            -90.00908044668344
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "a9921d8f8e6af257c9baa5f6be59cd6c11e0674303bb2692d05d1a6dee117c5f",
          "bounds": [
            -9.596322059631348,
            -94.76644134521484,
            2.489898204803467,
            -84.98529052734375
          ]
        },
        {
          "t": 34,
          "active": 7,
          "live": 3,
          "stateCounts": [
            54553,
            3,
            2,
            2
          ],
          "minimumBoundaryDistance": 36,
          "nonzeroCentroid": [
            6.178975173405239,
            -60.23627308436802
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "bf1a8433aabdce6a80f00aafa947a4cdcb80e946c8b9c1eec24846a415d6367b",
          "bounds": [
            3.4409546852111816,
            -62.80495071411133,
            9.008536338806152,
            -57.259864807128906
          ]
        },
        {
          "t": 58,
          "active": 7,
          "live": 3,
          "stateCounts": [
            54553,
            3,
            2,
            2
          ],
          "minimumBoundaryDistance": 48,
          "nonzeroCentroid": [
            12.6976135798863,
            -40.17396763392857
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "1e92e8d95e8e58e26176aa8777349bc6a2fb8d9076444f7bb2d69ad0e5526175",
          "bounds": [
            9.959592819213867,
            -42.742645263671875,
            15.527174949645996,
            -37.19755935668945
          ]
        }
      ]
    },
    {
      "id": "penrose-conway-diehard-293",
      "category": "Aperiodic compact transients",
      "title": "Penrose Conway diehard — 293",
      "summary": "A fourteen-cell Penrose seed expands locally and then becomes completely extinct at generation 293.",
      "tiling": "penrose",
      "depth": 8,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 30,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -12.086219787597656,
          -9.281152725219727,
          5.567581653594971,
          13.70820426940918
        ],
        "steps": 293,
        "padding": 4
      },
      "cellStates": [
        [
          5101,
          1
        ],
        [
          5898,
          1
        ],
        [
          5899,
          1
        ],
        [
          5902,
          1
        ],
        [
          5903,
          1
        ],
        [
          5904,
          1
        ],
        [
          6680,
          1
        ],
        [
          6682,
          1
        ],
        [
          6683,
          1
        ],
        [
          6684,
          1
        ],
        [
          6688,
          1
        ],
        [
          7484,
          1
        ],
        [
          7490,
          1
        ],
        [
          7491,
          1
        ]
      ],
      "expectedExtinction": 293,
      "provenance": {
        "status": "package-found",
        "credit": "Found by package search; priority unestablished",
        "note": "This exact fourteen-cell seed is the retained extinction-at-293 result of the package's 5,000-candidate transient campaign, deterministic seed penrose-touch-B3/S23-2-transient-v1. Earlier Penrose Life lifetime studies provide context, but do not identify this exact initial state. No world-record or original-discovery claim is made.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life statistics",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/jca10.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/search-transients.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P18",
      "ruleId": "R27",
      "cataloguePage": 54,
      "measurementText": "Full extinction at t = 293.",
      "fixedView": false,
      "sourceReferences": [
        10
      ],
      "audit": {
        "id": "penrose-conway-diehard-293",
        "title": "Penrose Conway diehard — 293",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "Fourteen initially live tiles remain nonempty through generation 292 and become completely extinct at generation 293; the maximum live population is seventy-nine.",
        "limitations": "This is an exactly reproduced lifetime in the recorded finite patch, not a claim to a Penrose lifetime record. Earlier Penrose Life statistical studies do not by themselves identify the exact seed.",
        "illustrationGenerations": [
          0,
          146,
          292
        ],
        "rule": "B3/S23",
        "stateCount": 2,
        "neighbourhood": "touch",
        "depth": 8,
        "penroseSeed": "sun",
        "borderRings": 1,
        "initialCellStates": [
          [
            5101,
            1
          ],
          [
            5898,
            1
          ],
          [
            5899,
            1
          ],
          [
            5902,
            1
          ],
          [
            5903,
            1
          ],
          [
            5904,
            1
          ],
          [
            6680,
            1
          ],
          [
            6682,
            1
          ],
          [
            6683,
            1
          ],
          [
            6684,
            1
          ],
          [
            6688,
            1
          ],
          [
            7484,
            1
          ],
          [
            7490,
            1
          ],
          [
            7491,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-conway-diehard-293",
          "title": "Penrose Conway diehard — 293",
          "category": "Aperiodic compact transients",
          "tiling": "penrose",
          "cells": 7920,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "compact extinction transient",
          "extinctionGeneration": 293,
          "maximumAlive": 79,
          "totalChanged": 6524
        },
        "credit": "Found by package search; priority unestablished",
        "provenanceNote": "This exact fourteen-cell seed is the retained extinction-at-293 result of the package's 5,000-candidate transient campaign, deterministic seed penrose-touch-B3/S23-2-transient-v1. Earlier Penrose Life lifetime studies provide context, but do not identify this exact initial state. No world-record or original-discovery claim is made.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life statistics",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/jca10.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/search-transients.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            10
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-conway-diehard-293",
        "tiling": "penrose",
        "depth": 8,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7920,
        "verticesPerTile": 4,
        "geometrySHA256": "d2be01eacf58721466179e4d5ae63a755cef1caa8a2d47d4807c98cc70d1fb67",
        "graphSHA256": "18568f6dbf9f7773fd252114168ebae4ddba6da3d4c7449e5cd2d2ed4535431a",
        "initialCellStates": [
          [
            5101,
            1
          ],
          [
            5898,
            1
          ],
          [
            5899,
            1
          ],
          [
            5902,
            1
          ],
          [
            5903,
            1
          ],
          [
            5904,
            1
          ],
          [
            6680,
            1
          ],
          [
            6682,
            1
          ],
          [
            6683,
            1
          ],
          [
            6684,
            1
          ],
          [
            6688,
            1
          ],
          [
            7484,
            1
          ],
          [
            7490,
            1
          ],
          [
            7491,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              5101,
              1
            ],
            [
              5898,
              1
            ],
            [
              5899,
              1
            ],
            [
              5902,
              1
            ],
            [
              5903,
              1
            ],
            [
              5904,
              1
            ],
            [
              6680,
              1
            ],
            [
              6682,
              1
            ],
            [
              6683,
              1
            ],
            [
              6684,
              1
            ],
            [
              6688,
              1
            ],
            [
              7484,
              1
            ],
            [
              7490,
              1
            ],
            [
              7491,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 292,
          "minimumNonzero": 4,
          "maximumNonzero": 79,
          "minimumLive": 4,
          "maximumLive": 79,
          "minimumBoundaryDistance": 20,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 14,
          "live": 14,
          "stateCounts": [
            7906,
            14
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            0.1568575437579836,
            -3.6923028230667114
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "63baaa633fd3feadd9ce348c003ea1347d3b33e52e28f883cf911a58f4eb30a8",
          "bounds": [
            -5.567581653594971,
            -8.472135543823242,
            5.567581653594971,
            0.80901700258255
          ]
        },
        {
          "t": 146,
          "active": 32,
          "live": 32,
          "stateCounts": [
            7888,
            32
          ],
          "minimumBoundaryDistance": 21,
          "nonzeroCentroid": [
            -5.094026103615761,
            1.528740532696247
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "1be5236f873d74db8018e12da68abbeb56e463caeb40f5b5e3a51363b8ccd957",
          "bounds": [
            -12.449491500854492,
            -9.281152725219727,
            2.489898204803467,
            12.70820426940918
          ]
        },
        {
          "t": 292,
          "active": 5,
          "live": 5,
          "stateCounts": [
            7915,
            5
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            -2.3947925567626953,
            -0.6163119077682495
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "a7a889337eb5d5b466d80f78c2c42713145f18e11ff94f5fd19d60fe616bc75d",
          "bounds": [
            -4.979796409606934,
            -3.427051067352295,
            0.5877852439880371,
            2.1180338859558105
          ]
        }
      ]
    },
    {
      "id": "penrose-conway-methuselah-289",
      "category": "Aperiodic compact transients",
      "title": "Penrose Conway methuselah — 289",
      "summary": "A compact 22-cell seed evolves for 289 generations before reaching a four-cell still life.",
      "tiling": "penrose",
      "depth": 8,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 30,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -20.143699645996094,
          -15.326237678527832,
          4.028739929199219,
          8.972135543823242
        ],
        "steps": 290,
        "padding": 4
      },
      "cellStates": [
        [
          2729,
          1
        ],
        [
          3514,
          1
        ],
        [
          3515,
          1
        ],
        [
          3517,
          1
        ],
        [
          3518,
          1
        ],
        [
          4310,
          1
        ],
        [
          4312,
          1
        ],
        [
          4313,
          1
        ],
        [
          4316,
          1
        ],
        [
          5091,
          1
        ],
        [
          5095,
          1
        ],
        [
          5098,
          1
        ],
        [
          5100,
          1
        ],
        [
          5108,
          1
        ],
        [
          5894,
          1
        ],
        [
          5896,
          1
        ],
        [
          5900,
          1
        ],
        [
          5901,
          1
        ],
        [
          6676,
          1
        ],
        [
          6680,
          1
        ],
        [
          6686,
          1
        ],
        [
          7483,
          1
        ]
      ],
      "expectedTransient": 289,
      "expectedPeriod": 1,
      "provenance": {
        "status": "package-found",
        "credit": "Found by package search; priority unestablished",
        "note": "The exact 22-live-cell seed is the retained result of the package's 35,000-candidate campaign penrose-touch-b3s23-transient-v2. Its transient is 289 generations before a fixed point. This is a locally documented search result, not an attribution of the underlying Conway rule or a claim to the longest known Penrose transient.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life statistics",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/jca10.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/search-transients.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "P19",
      "ruleId": "R27",
      "cataloguePage": 55,
      "measurementText": "Least period p = 1; transient = 289; cycle L = 4-4; cycle territory = 4 tiles; cycle minimum boundary distance = 22.",
      "fixedView": false,
      "sourceReferences": [
        10
      ],
      "audit": {
        "id": "penrose-conway-methuselah-289",
        "title": "Penrose Conway methuselah — 289",
        "status": "package-found",
        "scope": "no-exact-precedent-identified",
        "claim": "Twenty-two initially live tiles reach a four-live-tile fixed point after a transient of exactly 289 generations.",
        "limitations": "The displayed seed is a long transient, not a moving body or an oscillator of period 289. No longest-known or first-discovery claim is justified.",
        "illustrationGenerations": [
          0,
          144,
          289
        ],
        "rule": "B3/S23",
        "stateCount": 2,
        "neighbourhood": "touch",
        "depth": 8,
        "penroseSeed": "sun",
        "borderRings": 1,
        "initialCellStates": [
          [
            2729,
            1
          ],
          [
            3514,
            1
          ],
          [
            3515,
            1
          ],
          [
            3517,
            1
          ],
          [
            3518,
            1
          ],
          [
            4310,
            1
          ],
          [
            4312,
            1
          ],
          [
            4313,
            1
          ],
          [
            4316,
            1
          ],
          [
            5091,
            1
          ],
          [
            5095,
            1
          ],
          [
            5098,
            1
          ],
          [
            5100,
            1
          ],
          [
            5108,
            1
          ],
          [
            5894,
            1
          ],
          [
            5896,
            1
          ],
          [
            5900,
            1
          ],
          [
            5901,
            1
          ],
          [
            6676,
            1
          ],
          [
            6680,
            1
          ],
          [
            6686,
            1
          ],
          [
            7483,
            1
          ]
        ],
        "verificationFacts": {
          "id": "penrose-conway-methuselah-289",
          "title": "Penrose Conway methuselah — 289",
          "category": "Aperiodic compact transients",
          "tiling": "penrose",
          "cells": 7920,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "localized transient to cycle",
          "transient": 289,
          "exactPeriod": 1,
          "minimumAlive": 4,
          "maximumAlive": 4,
          "supportCells": 4,
          "minimumBoundaryDistance": 22,
          "center": [
            -8.900374174118042,
            -0.8328898847103119
          ],
          "radius": 0.8432323179133413
        },
        "credit": "Found by package search; priority unestablished",
        "provenanceNote": "The exact 22-live-cell seed is the retained result of the package's 35,000-candidate campaign penrose-touch-b3s23-transient-v2. Its transient is 289 generations before a fixed point. This is a locally documented search result, not an attribution of the underlying Conway rule or a claim to the longest known Penrose transient.",
        "sources": [
          {
            "label": "Owens & Stepney (2010): Penrose Life statistics",
            "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/jca10.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/search-transients.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [
        {
          "label": "Related literature; not an identified exact source for this configuration",
          "references": [
            10
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-conway-methuselah-289",
        "tiling": "penrose",
        "depth": 8,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 7920,
        "verticesPerTile": 4,
        "geometrySHA256": "d2be01eacf58721466179e4d5ae63a755cef1caa8a2d47d4807c98cc70d1fb67",
        "graphSHA256": "18568f6dbf9f7773fd252114168ebae4ddba6da3d4c7449e5cd2d2ed4535431a",
        "initialCellStates": [
          [
            2729,
            1
          ],
          [
            3514,
            1
          ],
          [
            3515,
            1
          ],
          [
            3517,
            1
          ],
          [
            3518,
            1
          ],
          [
            4310,
            1
          ],
          [
            4312,
            1
          ],
          [
            4313,
            1
          ],
          [
            4316,
            1
          ],
          [
            5091,
            1
          ],
          [
            5095,
            1
          ],
          [
            5098,
            1
          ],
          [
            5100,
            1
          ],
          [
            5108,
            1
          ],
          [
            5894,
            1
          ],
          [
            5896,
            1
          ],
          [
            5900,
            1
          ],
          [
            5901,
            1
          ],
          [
            6676,
            1
          ],
          [
            6680,
            1
          ],
          [
            6686,
            1
          ],
          [
            7483,
            1
          ]
        ],
        "exactSeed": {
          "kind": "tile-id-states",
          "cellStates": [
            [
              2729,
              1
            ],
            [
              3514,
              1
            ],
            [
              3515,
              1
            ],
            [
              3517,
              1
            ],
            [
              3518,
              1
            ],
            [
              4310,
              1
            ],
            [
              4312,
              1
            ],
            [
              4313,
              1
            ],
            [
              4316,
              1
            ],
            [
              5091,
              1
            ],
            [
              5095,
              1
            ],
            [
              5098,
              1
            ],
            [
              5100,
              1
            ],
            [
              5108,
              1
            ],
            [
              5894,
              1
            ],
            [
              5896,
              1
            ],
            [
              5900,
              1
            ],
            [
              5901,
              1
            ],
            [
              6676,
              1
            ],
            [
              6680,
              1
            ],
            [
              6686,
              1
            ],
            [
              7483,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 289,
          "minimumNonzero": 4,
          "maximumNonzero": 53,
          "minimumLive": 4,
          "maximumLive": 53,
          "minimumBoundaryDistance": 16,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 22,
          "live": 22,
          "stateCounts": [
            7898,
            22
          ],
          "minimumBoundaryDistance": 25,
          "nonzeroCentroid": [
            -1.8426551940766247,
            -0.8962188579819419
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "f004e2f1b6258a05330c9da7e89d125e80418e746a0b57053ca3f12ab07b2c7c",
          "bounds": [
            -6.5186381340026855,
            -6.35410213470459,
            4.616525173187256,
            4.736067771911621
          ]
        },
        {
          "t": 144,
          "active": 48,
          "live": 48,
          "stateCounts": [
            7872,
            48
          ],
          "minimumBoundaryDistance": 20,
          "nonzeroCentroid": [
            -3.557206716388464,
            -7.433593451976776
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "47dc1a9880000c4f793479bd91b17db147fa52302762053c6e9d674802844ac1",
          "bounds": [
            -13.037276268005371,
            -15.326237678527832,
            3.4409546852111816,
            8.472135543823242
          ]
        },
        {
          "t": 289,
          "active": 4,
          "live": 4,
          "stateCounts": [
            7916,
            4
          ],
          "minimumBoundaryDistance": 22,
          "nonzeroCentroid": [
            -8.900374174118042,
            -0.8328898847103119
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "92566326d34fbd41a9cc680c3cb58802192cd6e2daaa06ae2bc17826f85df9a6",
          "bounds": [
            -12.449491500854492,
            -2.927051067352295,
            -5.567581653594971,
            2.1180338859558105
          ]
        }
      ]
    },
    {
      "id": "penrose-b12-p840-field",
      "category": "Collective aperiodic dynamics",
      "title": "Penrose B12/S p840 field",
      "summary": "A deterministic shared-edge soup enters an exact period-840 collective cycle after a 51-generation transient.",
      "tiling": "penrose",
      "depth": 8,
      "penroseSeed": "sun",
      "neighborhood": "edge",
      "rule": "B12/S",
      "generations": 2,
      "borderRings": 8,
      "density": 0.12,
      "randomSeed": "penrose-edge-B12/S-2",
      "speed": 60,
      "view": {
        "mode": "initial",
        "padding": 6
      },
      "randomize": true,
      "expectedTransient": 51,
      "expectedPeriod": 840,
      "provenance": {
        "status": "package-constructed",
        "credit": "Deterministic field generated for this package",
        "note": "The initial field is generated by the package from seed penrose-edge-B12/S-2, density 0.12 and eight dead border rings. The finite field has transient 51 and period 840. This is a reproducible seeded demonstration, not a claim to an independently indivisible period-840 oscillator or an original cellular-automaton rule.",
        "sources": [],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/survey-fields.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "C02",
      "ruleId": "R16",
      "cataloguePage": 56,
      "measurementText": "Least period p = 840; transient = 51; cycle L = 2553-2587; cycle territory = 5252 tiles; cycle minimum boundary distance = 8.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "penrose-b12-p840-field",
        "title": "Penrose B12/S p840 field",
        "status": "package-constructed",
        "scope": "constructed-field-appendix",
        "claim": "A deterministic finite random field reaches a complete-state cycle of least period 840 after a transient of 51 generations. During the cycle 5,252 tiles are nonzero at some time and the live population ranges from 2,553 to 2,587.",
        "limitations": "A package-generated field, not an indivisible local oscillator. Its period may combine smaller local periods. Neither an original rule nor a novel mechanism is claimed.",
        "illustrationGenerations": [
          0,
          51,
          471
        ],
        "rule": "B12/S",
        "stateCount": 2,
        "neighbourhood": "edge",
        "depth": 8,
        "penroseSeed": "sun",
        "borderRings": 8,
        "randomSeed": "penrose-edge-B12/S-2",
        "density": 0.12,
        "verificationFacts": {
          "id": "penrose-b12-p840-field",
          "title": "Penrose B12/S p840 field",
          "category": "Collective aperiodic dynamics",
          "tiling": "penrose",
          "cells": 7920,
          "neighborhood": "edge",
          "rule": "B12/S",
          "generations": 2,
          "kind": "localized transient to cycle",
          "transient": 51,
          "exactPeriod": 840,
          "minimumAlive": 2553,
          "maximumAlive": 2587,
          "supportCells": 5252,
          "minimumBoundaryDistance": 8,
          "center": [
            0.07767703647456456,
            -0.04078699061639964
          ],
          "radius": 39.68326815809478
        },
        "credit": "Deterministic field generated for this package",
        "provenanceNote": "The initial field is generated by the package from seed penrose-edge-B12/S-2, density 0.12 and eight dead border rings. The finite field has transient 51 and period 840. This is a reproducible seeded demonstration, not a claim to an independently indivisible period-840 oscillator or an original cellular-automaton rule.",
        "sources": [],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/survey-fields.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Package-generated field under B12/S, C = 2 on the Penrose edge graph (R16). The seed and finite-board demonstration are package contributions; no new update principle is claimed.",
      "citationGroups": [],
      "reproduction": {
        "id": "penrose-b12-p840-field",
        "tiling": "penrose",
        "depth": 8,
        "penroseSeed": "sun",
        "neighbourhood": "edge",
        "rule": "B12/S",
        "states": 2,
        "borderRings": 8,
        "patchTileCount": 7920,
        "verticesPerTile": 4,
        "geometrySHA256": "d2be01eacf58721466179e4d5ae63a755cef1caa8a2d47d4807c98cc70d1fb67",
        "graphSHA256": "5beead30ff682c851dd42591101b60062bac9f383fa0976e6e9e39fe84611294",
        "initialCellStates": [
          [
            7,
            1
          ],
          [
            14,
            1
          ],
          [
            19,
            1
          ],
          [
            25,
            1
          ],
          [
            37,
            1
          ],
          [
            61,
            1
          ],
          [
            88,
            1
          ],
          [
            90,
            1
          ],
          [
            96,
            1
          ],
          [
            120,
            1
          ],
          [
            249,
            1
          ],
          [
            253,
            1
          ],
          [
            254,
            1
          ],
          [
            267,
            1
          ],
          [
            271,
            1
          ],
          [
            292,
            1
          ],
          [
            302,
            1
          ],
          [
            304,
            1
          ],
          [
            306,
            1
          ],
          [
            311,
            1
          ],
          [
            325,
            1
          ],
          [
            326,
            1
          ],
          [
            328,
            1
          ],
          [
            364,
            1
          ],
          [
            372,
            1
          ],
          [
            378,
            1
          ],
          [
            379,
            1
          ],
          [
            381,
            1
          ],
          [
            382,
            1
          ],
          [
            397,
            1
          ],
          [
            401,
            1
          ],
          [
            417,
            1
          ],
          [
            419,
            1
          ],
          [
            421,
            1
          ],
          [
            441,
            1
          ],
          [
            446,
            1
          ],
          [
            447,
            1
          ],
          [
            462,
            1
          ],
          [
            465,
            1
          ],
          [
            483,
            1
          ],
          [
            484,
            1
          ],
          [
            516,
            1
          ],
          [
            524,
            1
          ],
          [
            527,
            1
          ],
          [
            537,
            1
          ],
          [
            541,
            1
          ],
          [
            545,
            1
          ],
          [
            552,
            1
          ],
          [
            554,
            1
          ],
          [
            559,
            1
          ],
          [
            583,
            1
          ],
          [
            589,
            1
          ],
          [
            596,
            1
          ],
          [
            601,
            1
          ],
          [
            611,
            1
          ],
          [
            613,
            1
          ],
          [
            614,
            1
          ],
          [
            619,
            1
          ],
          [
            628,
            1
          ],
          [
            629,
            1
          ],
          [
            659,
            1
          ],
          [
            661,
            1
          ],
          [
            663,
            1
          ],
          [
            670,
            1
          ],
          [
            674,
            1
          ],
          [
            679,
            1
          ],
          [
            689,
            1
          ],
          [
            713,
            1
          ],
          [
            721,
            1
          ],
          [
            732,
            1
          ],
          [
            782,
            1
          ],
          [
            787,
            1
          ],
          [
            795,
            1
          ],
          [
            798,
            1
          ],
          [
            804,
            1
          ],
          [
            844,
            1
          ],
          [
            845,
            1
          ],
          [
            846,
            1
          ],
          [
            847,
            1
          ],
          [
            857,
            1
          ],
          [
            865,
            1
          ],
          [
            867,
            1
          ],
          [
            868,
            1
          ],
          [
            883,
            1
          ],
          [
            884,
            1
          ],
          [
            1022,
            1
          ],
          [
            1033,
            1
          ],
          [
            1070,
            1
          ],
          [
            1073,
            1
          ],
          [
            1095,
            1
          ],
          [
            1100,
            1
          ],
          [
            1105,
            1
          ],
          [
            1110,
            1
          ],
          [
            1113,
            1
          ],
          [
            1117,
            1
          ],
          [
            1124,
            1
          ],
          [
            1133,
            1
          ],
          [
            1143,
            1
          ],
          [
            1144,
            1
          ],
          [
            1146,
            1
          ],
          [
            1164,
            1
          ],
          [
            1194,
            1
          ],
          [
            1204,
            1
          ],
          [
            1213,
            1
          ],
          [
            1218,
            1
          ],
          [
            1220,
            1
          ],
          [
            1229,
            1
          ],
          [
            1235,
            1
          ],
          [
            1243,
            1
          ],
          [
            1244,
            1
          ],
          [
            1245,
            1
          ],
          [
            1256,
            1
          ],
          [
            1315,
            1
          ],
          [
            1325,
            1
          ],
          [
            1331,
            1
          ],
          [
            1333,
            1
          ],
          [
            1344,
            1
          ],
          [
            1352,
            1
          ],
          [
            1361,
            1
          ],
          [
            1373,
            1
          ],
          [
            1374,
            1
          ],
          [
            1379,
            1
          ],
          [
            1408,
            1
          ],
          [
            1416,
            1
          ],
          [
            1420,
            1
          ],
          [
            1424,
            1
          ],
          [
            1436,
            1
          ],
          [
            1451,
            1
          ],
          [
            1470,
            1
          ],
          [
            1481,
            1
          ],
          [
            1487,
            1
          ],
          [
            1490,
            1
          ],
          [
            1519,
            1
          ],
          [
            1525,
            1
          ],
          [
            1526,
            1
          ],
          [
            1531,
            1
          ],
          [
            1532,
            1
          ],
          [
            1538,
            1
          ],
          [
            1549,
            1
          ],
          [
            1575,
            1
          ],
          [
            1578,
            1
          ],
          [
            1624,
            1
          ],
          [
            1653,
            1
          ],
          [
            1659,
            1
          ],
          [
            1665,
            1
          ],
          [
            1667,
            1
          ],
          [
            1676,
            1
          ],
          [
            1810,
            1
          ],
          [
            1811,
            1
          ],
          [
            1860,
            1
          ],
          [
            1871,
            1
          ],
          [
            1876,
            1
          ],
          [
            1878,
            1
          ],
          [
            1880,
            1
          ],
          [
            1882,
            1
          ],
          [
            1891,
            1
          ],
          [
            1901,
            1
          ],
          [
            1907,
            1
          ],
          [
            1908,
            1
          ],
          [
            1924,
            1
          ],
          [
            1938,
            1
          ],
          [
            1943,
            1
          ],
          [
            1950,
            1
          ],
          [
            1953,
            1
          ],
          [
            1954,
            1
          ],
          [
            1958,
            1
          ],
          [
            1962,
            1
          ],
          [
            1970,
            1
          ],
          [
            1975,
            1
          ],
          [
            1983,
            1
          ],
          [
            1985,
            1
          ],
          [
            1992,
            1
          ],
          [
            1998,
            1
          ],
          [
            2026,
            1
          ],
          [
            2028,
            1
          ],
          [
            2030,
            1
          ],
          [
            2033,
            1
          ],
          [
            2036,
            1
          ],
          [
            2040,
            1
          ],
          [
            2044,
            1
          ],
          [
            2049,
            1
          ],
          [
            2054,
            1
          ],
          [
            2116,
            1
          ],
          [
            2117,
            1
          ],
          [
            2119,
            1
          ],
          [
            2131,
            1
          ],
          [
            2136,
            1
          ],
          [
            2147,
            1
          ],
          [
            2166,
            1
          ],
          [
            2169,
            1
          ],
          [
            2177,
            1
          ],
          [
            2178,
            1
          ],
          [
            2181,
            1
          ],
          [
            2203,
            1
          ],
          [
            2204,
            1
          ],
          [
            2225,
            1
          ],
          [
            2227,
            1
          ],
          [
            2242,
            1
          ],
          [
            2243,
            1
          ],
          [
            2245,
            1
          ],
          [
            2248,
            1
          ],
          [
            2253,
            1
          ],
          [
            2283,
            1
          ],
          [
            2297,
            1
          ],
          [
            2299,
            1
          ],
          [
            2302,
            1
          ],
          [
            2317,
            1
          ],
          [
            2320,
            1
          ],
          [
            2321,
            1
          ],
          [
            2322,
            1
          ],
          [
            2325,
            1
          ],
          [
            2330,
            1
          ],
          [
            2337,
            1
          ],
          [
            2350,
            1
          ],
          [
            2362,
            1
          ],
          [
            2364,
            1
          ],
          [
            2365,
            1
          ],
          [
            2367,
            1
          ],
          [
            2379,
            1
          ],
          [
            2381,
            1
          ],
          [
            2390,
            1
          ],
          [
            2429,
            1
          ],
          [
            2430,
            1
          ],
          [
            2436,
            1
          ],
          [
            2448,
            1
          ],
          [
            2449,
            1
          ],
          [
            2450,
            1
          ],
          [
            2463,
            1
          ],
          [
            2612,
            1
          ],
          [
            2632,
            1
          ],
          [
            2651,
            1
          ],
          [
            2657,
            1
          ],
          [
            2662,
            1
          ],
          [
            2677,
            1
          ],
          [
            2679,
            1
          ],
          [
            2691,
            1
          ],
          [
            2692,
            1
          ],
          [
            2698,
            1
          ],
          [
            2720,
            1
          ],
          [
            2731,
            1
          ],
          [
            2739,
            1
          ],
          [
            2740,
            1
          ],
          [
            2741,
            1
          ],
          [
            2747,
            1
          ],
          [
            2751,
            1
          ],
          [
            2772,
            1
          ],
          [
            2785,
            1
          ],
          [
            2793,
            1
          ],
          [
            2805,
            1
          ],
          [
            2826,
            1
          ],
          [
            2830,
            1
          ],
          [
            2849,
            1
          ],
          [
            2861,
            1
          ],
          [
            2903,
            1
          ],
          [
            2904,
            1
          ],
          [
            2922,
            1
          ],
          [
            2923,
            1
          ],
          [
            2924,
            1
          ],
          [
            2932,
            1
          ],
          [
            2940,
            1
          ],
          [
            2943,
            1
          ],
          [
            2945,
            1
          ],
          [
            2953,
            1
          ],
          [
            2959,
            1
          ],
          [
            2968,
            1
          ],
          [
            2988,
            1
          ],
          [
            2991,
            1
          ],
          [
            2999,
            1
          ],
          [
            3015,
            1
          ],
          [
            3021,
            1
          ],
          [
            3029,
            1
          ],
          [
            3046,
            1
          ],
          [
            3059,
            1
          ],
          [
            3061,
            1
          ],
          [
            3072,
            1
          ],
          [
            3081,
            1
          ],
          [
            3085,
            1
          ],
          [
            3089,
            1
          ],
          [
            3092,
            1
          ],
          [
            3102,
            1
          ],
          [
            3106,
            1
          ],
          [
            3120,
            1
          ],
          [
            3124,
            1
          ],
          [
            3125,
            1
          ],
          [
            3153,
            1
          ],
          [
            3158,
            1
          ],
          [
            3169,
            1
          ],
          [
            3171,
            1
          ],
          [
            3179,
            1
          ],
          [
            3236,
            1
          ],
          [
            3244,
            1
          ],
          [
            3439,
            1
          ],
          [
            3443,
            1
          ],
          [
            3445,
            1
          ],
          [
            3453,
            1
          ],
          [
            3460,
            1
          ],
          [
            3473,
            1
          ],
          [
            3477,
            1
          ],
          [
            3490,
            1
          ],
          [
            3495,
            1
          ],
          [
            3499,
            1
          ],
          [
            3505,
            1
          ],
          [
            3509,
            1
          ],
          [
            3521,
            1
          ],
          [
            3536,
            1
          ],
          [
            3542,
            1
          ],
          [
            3543,
            1
          ],
          [
            3552,
            1
          ],
          [
            3553,
            1
          ],
          [
            3558,
            1
          ],
          [
            3595,
            1
          ],
          [
            3601,
            1
          ],
          [
            3602,
            1
          ],
          [
            3606,
            1
          ],
          [
            3616,
            1
          ],
          [
            3632,
            1
          ],
          [
            3672,
            1
          ],
          [
            3683,
            1
          ],
          [
            3690,
            1
          ],
          [
            3694,
            1
          ],
          [
            3700,
            1
          ],
          [
            3712,
            1
          ],
          [
            3718,
            1
          ],
          [
            3719,
            1
          ],
          [
            3720,
            1
          ],
          [
            3734,
            1
          ],
          [
            3740,
            1
          ],
          [
            3741,
            1
          ],
          [
            3746,
            1
          ],
          [
            3750,
            1
          ],
          [
            3753,
            1
          ],
          [
            3759,
            1
          ],
          [
            3762,
            1
          ],
          [
            3764,
            1
          ],
          [
            3766,
            1
          ],
          [
            3773,
            1
          ],
          [
            3774,
            1
          ],
          [
            3809,
            1
          ],
          [
            3812,
            1
          ],
          [
            3815,
            1
          ],
          [
            3828,
            1
          ],
          [
            3837,
            1
          ],
          [
            3870,
            1
          ],
          [
            3883,
            1
          ],
          [
            3894,
            1
          ],
          [
            3901,
            1
          ],
          [
            3904,
            1
          ],
          [
            3921,
            1
          ],
          [
            3932,
            1
          ],
          [
            3936,
            1
          ],
          [
            3945,
            1
          ],
          [
            3954,
            1
          ],
          [
            3958,
            1
          ],
          [
            3961,
            1
          ],
          [
            3966,
            1
          ],
          [
            4214,
            1
          ],
          [
            4223,
            1
          ],
          [
            4244,
            1
          ],
          [
            4246,
            1
          ],
          [
            4274,
            1
          ],
          [
            4284,
            1
          ],
          [
            4290,
            1
          ],
          [
            4295,
            1
          ],
          [
            4296,
            1
          ],
          [
            4299,
            1
          ],
          [
            4301,
            1
          ],
          [
            4306,
            1
          ],
          [
            4307,
            1
          ],
          [
            4317,
            1
          ],
          [
            4339,
            1
          ],
          [
            4348,
            1
          ],
          [
            4356,
            1
          ],
          [
            4359,
            1
          ],
          [
            4363,
            1
          ],
          [
            4368,
            1
          ],
          [
            4370,
            1
          ],
          [
            4371,
            1
          ],
          [
            4381,
            1
          ],
          [
            4391,
            1
          ],
          [
            4397,
            1
          ],
          [
            4418,
            1
          ],
          [
            4426,
            1
          ],
          [
            4432,
            1
          ],
          [
            4480,
            1
          ],
          [
            4500,
            1
          ],
          [
            4506,
            1
          ],
          [
            4515,
            1
          ],
          [
            4521,
            1
          ],
          [
            4542,
            1
          ],
          [
            4543,
            1
          ],
          [
            4551,
            1
          ],
          [
            4553,
            1
          ],
          [
            4556,
            1
          ],
          [
            4576,
            1
          ],
          [
            4590,
            1
          ],
          [
            4598,
            1
          ],
          [
            4600,
            1
          ],
          [
            4601,
            1
          ],
          [
            4602,
            1
          ],
          [
            4611,
            1
          ],
          [
            4616,
            1
          ],
          [
            4623,
            1
          ],
          [
            4649,
            1
          ],
          [
            4657,
            1
          ],
          [
            4667,
            1
          ],
          [
            4671,
            1
          ],
          [
            4681,
            1
          ],
          [
            4698,
            1
          ],
          [
            4707,
            1
          ],
          [
            4709,
            1
          ],
          [
            4718,
            1
          ],
          [
            4732,
            1
          ],
          [
            4733,
            1
          ],
          [
            4735,
            1
          ],
          [
            4747,
            1
          ],
          [
            4751,
            1
          ],
          [
            4754,
            1
          ],
          [
            4762,
            1
          ],
          [
            4766,
            1
          ],
          [
            4800,
            1
          ],
          [
            4803,
            1
          ],
          [
            4814,
            1
          ],
          [
            4836,
            1
          ],
          [
            5025,
            1
          ],
          [
            5028,
            1
          ],
          [
            5033,
            1
          ],
          [
            5035,
            1
          ],
          [
            5038,
            1
          ],
          [
            5045,
            1
          ],
          [
            5054,
            1
          ],
          [
            5060,
            1
          ],
          [
            5061,
            1
          ],
          [
            5062,
            1
          ],
          [
            5074,
            1
          ],
          [
            5093,
            1
          ],
          [
            5107,
            1
          ],
          [
            5112,
            1
          ],
          [
            5117,
            1
          ],
          [
            5130,
            1
          ],
          [
            5155,
            1
          ],
          [
            5168,
            1
          ],
          [
            5188,
            1
          ],
          [
            5199,
            1
          ],
          [
            5201,
            1
          ],
          [
            5205,
            1
          ],
          [
            5224,
            1
          ],
          [
            5276,
            1
          ],
          [
            5290,
            1
          ],
          [
            5303,
            1
          ],
          [
            5310,
            1
          ],
          [
            5342,
            1
          ],
          [
            5363,
            1
          ],
          [
            5365,
            1
          ],
          [
            5386,
            1
          ],
          [
            5388,
            1
          ],
          [
            5394,
            1
          ],
          [
            5410,
            1
          ],
          [
            5412,
            1
          ],
          [
            5424,
            1
          ],
          [
            5453,
            1
          ],
          [
            5478,
            1
          ],
          [
            5482,
            1
          ],
          [
            5483,
            1
          ],
          [
            5492,
            1
          ],
          [
            5501,
            1
          ],
          [
            5506,
            1
          ],
          [
            5510,
            1
          ],
          [
            5515,
            1
          ],
          [
            5526,
            1
          ],
          [
            5540,
            1
          ],
          [
            5556,
            1
          ],
          [
            5558,
            1
          ],
          [
            5588,
            1
          ],
          [
            5593,
            1
          ],
          [
            5604,
            1
          ],
          [
            5614,
            1
          ],
          [
            5621,
            1
          ],
          [
            5625,
            1
          ],
          [
            5634,
            1
          ],
          [
            5646,
            1
          ],
          [
            5649,
            1
          ],
          [
            5784,
            1
          ],
          [
            5826,
            1
          ],
          [
            5835,
            1
          ],
          [
            5841,
            1
          ],
          [
            5842,
            1
          ],
          [
            5843,
            1
          ],
          [
            5878,
            1
          ],
          [
            5881,
            1
          ],
          [
            5891,
            1
          ],
          [
            5897,
            1
          ],
          [
            5919,
            1
          ],
          [
            5937,
            1
          ],
          [
            5951,
            1
          ],
          [
            5956,
            1
          ],
          [
            5973,
            1
          ],
          [
            5984,
            1
          ],
          [
            5987,
            1
          ],
          [
            6029,
            1
          ],
          [
            6066,
            1
          ],
          [
            6067,
            1
          ],
          [
            6068,
            1
          ],
          [
            6081,
            1
          ],
          [
            6082,
            1
          ],
          [
            6094,
            1
          ],
          [
            6100,
            1
          ],
          [
            6108,
            1
          ],
          [
            6111,
            1
          ],
          [
            6117,
            1
          ],
          [
            6120,
            1
          ],
          [
            6132,
            1
          ],
          [
            6140,
            1
          ],
          [
            6141,
            1
          ],
          [
            6151,
            1
          ],
          [
            6160,
            1
          ],
          [
            6172,
            1
          ],
          [
            6175,
            1
          ],
          [
            6177,
            1
          ],
          [
            6180,
            1
          ],
          [
            6196,
            1
          ],
          [
            6197,
            1
          ],
          [
            6203,
            1
          ],
          [
            6218,
            1
          ],
          [
            6223,
            1
          ],
          [
            6224,
            1
          ],
          [
            6229,
            1
          ],
          [
            6234,
            1
          ],
          [
            6236,
            1
          ],
          [
            6242,
            1
          ],
          [
            6246,
            1
          ],
          [
            6256,
            1
          ],
          [
            6260,
            1
          ],
          [
            6261,
            1
          ],
          [
            6267,
            1
          ],
          [
            6268,
            1
          ],
          [
            6279,
            1
          ],
          [
            6286,
            1
          ],
          [
            6289,
            1
          ],
          [
            6295,
            1
          ],
          [
            6305,
            1
          ],
          [
            6308,
            1
          ],
          [
            6312,
            1
          ],
          [
            6317,
            1
          ],
          [
            6326,
            1
          ],
          [
            6339,
            1
          ],
          [
            6342,
            1
          ],
          [
            6343,
            1
          ],
          [
            6344,
            1
          ],
          [
            6376,
            1
          ],
          [
            6381,
            1
          ],
          [
            6388,
            1
          ],
          [
            6389,
            1
          ],
          [
            6400,
            1
          ],
          [
            6401,
            1
          ],
          [
            6406,
            1
          ],
          [
            6417,
            1
          ],
          [
            6436,
            1
          ],
          [
            6559,
            1
          ],
          [
            6565,
            1
          ],
          [
            6567,
            1
          ],
          [
            6582,
            1
          ],
          [
            6583,
            1
          ],
          [
            6605,
            1
          ],
          [
            6609,
            1
          ],
          [
            6613,
            1
          ],
          [
            6628,
            1
          ],
          [
            6634,
            1
          ],
          [
            6638,
            1
          ],
          [
            6640,
            1
          ],
          [
            6660,
            1
          ],
          [
            6677,
            1
          ],
          [
            6683,
            1
          ],
          [
            6684,
            1
          ],
          [
            6691,
            1
          ],
          [
            6693,
            1
          ],
          [
            6694,
            1
          ],
          [
            6704,
            1
          ],
          [
            6709,
            1
          ],
          [
            6713,
            1
          ],
          [
            6724,
            1
          ],
          [
            6726,
            1
          ],
          [
            6731,
            1
          ],
          [
            6739,
            1
          ],
          [
            6746,
            1
          ],
          [
            6748,
            1
          ],
          [
            6752,
            1
          ],
          [
            6760,
            1
          ],
          [
            6762,
            1
          ],
          [
            6776,
            1
          ],
          [
            6778,
            1
          ],
          [
            6779,
            1
          ],
          [
            6785,
            1
          ],
          [
            6789,
            1
          ],
          [
            6841,
            1
          ],
          [
            6860,
            1
          ],
          [
            6861,
            1
          ],
          [
            6871,
            1
          ],
          [
            6874,
            1
          ],
          [
            6893,
            1
          ],
          [
            6898,
            1
          ],
          [
            6913,
            1
          ],
          [
            6917,
            1
          ],
          [
            6924,
            1
          ],
          [
            6927,
            1
          ],
          [
            6929,
            1
          ],
          [
            6950,
            1
          ],
          [
            6955,
            1
          ],
          [
            6964,
            1
          ],
          [
            6967,
            1
          ],
          [
            6977,
            1
          ],
          [
            6988,
            1
          ],
          [
            6990,
            1
          ],
          [
            6997,
            1
          ],
          [
            7007,
            1
          ],
          [
            7013,
            1
          ],
          [
            7027,
            1
          ],
          [
            7029,
            1
          ],
          [
            7032,
            1
          ],
          [
            7033,
            1
          ],
          [
            7034,
            1
          ],
          [
            7035,
            1
          ],
          [
            7036,
            1
          ],
          [
            7051,
            1
          ],
          [
            7052,
            1
          ],
          [
            7058,
            1
          ],
          [
            7065,
            1
          ],
          [
            7070,
            1
          ],
          [
            7075,
            1
          ],
          [
            7084,
            1
          ],
          [
            7085,
            1
          ],
          [
            7099,
            1
          ],
          [
            7100,
            1
          ],
          [
            7113,
            1
          ],
          [
            7122,
            1
          ],
          [
            7128,
            1
          ],
          [
            7132,
            1
          ],
          [
            7180,
            1
          ],
          [
            7183,
            1
          ],
          [
            7185,
            1
          ],
          [
            7195,
            1
          ],
          [
            7206,
            1
          ],
          [
            7209,
            1
          ],
          [
            7211,
            1
          ],
          [
            7216,
            1
          ],
          [
            7233,
            1
          ],
          [
            7433,
            1
          ],
          [
            7437,
            1
          ],
          [
            7462,
            1
          ],
          [
            7468,
            1
          ],
          [
            7475,
            1
          ],
          [
            7477,
            1
          ],
          [
            7479,
            1
          ],
          [
            7482,
            1
          ],
          [
            7484,
            1
          ],
          [
            7486,
            1
          ],
          [
            7496,
            1
          ],
          [
            7501,
            1
          ],
          [
            7503,
            1
          ],
          [
            7520,
            1
          ],
          [
            7526,
            1
          ],
          [
            7548,
            1
          ],
          [
            7555,
            1
          ],
          [
            7568,
            1
          ],
          [
            7598,
            1
          ],
          [
            7612,
            1
          ],
          [
            7614,
            1
          ],
          [
            7655,
            1
          ],
          [
            7688,
            1
          ],
          [
            7694,
            1
          ],
          [
            7728,
            1
          ],
          [
            7730,
            1
          ],
          [
            7733,
            1
          ],
          [
            7734,
            1
          ],
          [
            7735,
            1
          ],
          [
            7738,
            1
          ],
          [
            7770,
            1
          ],
          [
            7782,
            1
          ],
          [
            7783,
            1
          ],
          [
            7784,
            1
          ],
          [
            7786,
            1
          ],
          [
            7799,
            1
          ],
          [
            7802,
            1
          ],
          [
            7805,
            1
          ],
          [
            7806,
            1
          ],
          [
            7807,
            1
          ],
          [
            7815,
            1
          ],
          [
            7819,
            1
          ],
          [
            7864,
            1
          ],
          [
            7875,
            1
          ],
          [
            7885,
            1
          ],
          [
            7886,
            1
          ],
          [
            7887,
            1
          ],
          [
            7888,
            1
          ],
          [
            7899,
            1
          ],
          [
            7900,
            1
          ],
          [
            7901,
            1
          ]
        ],
        "exactSeed": {
          "kind": "deterministic-random-field",
          "density": 0.12,
          "randomSeed": "penrose-edge-B12/S-2",
          "method": "Core.Automaton.randomize(density, randomSeed)"
        },
        "illustratedRun": {
          "throughGeneration": 471,
          "minimumNonzero": 696,
          "maximumNonzero": 2588,
          "minimumLive": 696,
          "maximumLive": 2588,
          "minimumBoundaryDistance": 8,
          "firstBoundaryAdjacentGeneration": 0,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 696,
          "live": 696,
          "stateCounts": [
            7224,
            696
          ],
          "minimumBoundaryDistance": 8,
          "nonzeroCentroid": [
            1.2937789589766113,
            -0.8361390673223583
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "c4eb2df5fddf60940ccb183ab355f954abe47156cb02c5d10ce319b87abfcc05",
          "bounds": [
            -39.11183166503906,
            -40.124610900878906,
            39.11183166503906,
            40.43362808227539
          ]
        },
        {
          "t": 51,
          "active": 2562,
          "live": 2562,
          "stateCounts": [
            5358,
            2562
          ],
          "minimumBoundaryDistance": 8,
          "nonzeroCentroid": [
            0.13843155182915493,
            -0.3144140183041563
          ],
          "includeZeroContext": false,
          "completeStateSHA256": "11821b0366c72279860fd0188c944978b3508ac4f75a3fcf266be9db238eca7f",
          "bounds": [
            -39.11183166503906,
            -40.124610900878906,
            38.748558044433594,
            39.624610900878906
          ]
        },
        {
          "t": 471,
          "active": 2558,
          "live": 2558,
          "stateCounts": [
            5362,
            2558
          ],
          "minimumBoundaryDistance": 8,
          "nonzeroCentroid": [
            0.16350265846903012,
            -0.3308244022752644
          ],
          "includeZeroContext": false,
          "completeStateSHA256": "24e2b4067132afca23c4899deb7be5bf37ebeb7664c7567d65fcd687e5234e21",
          "bounds": [
            -39.11183166503906,
            -40.124610900878906,
            38.748558044433594,
            39.624610900878906
          ]
        }
      ]
    },
    {
      "id": "penrose-brain-field",
      "category": "Collective aperiodic dynamics",
      "title": "Penrose excitable field",
      "summary": "B2/S with three states produces firing and refractory waves that remain active through 3,000 generations on the Penrose touch graph.",
      "tiling": "penrose",
      "depth": 8,
      "penroseSeed": "sun",
      "neighborhood": "touch",
      "rule": "B2/S",
      "generations": 3,
      "borderRings": 8,
      "density": 0.12,
      "randomSeed": "penrose-touch-B2/S-3",
      "speed": 30,
      "view": {
        "mode": "initial",
        "padding": 6
      },
      "randomize": true,
      "expectedActivityThrough": 3000,
      "provenance": {
        "status": "package-constructed",
        "credit": "Package-seeded field; Brian Silverman's Brain rule",
        "note": "The B2/S three-state transition is Brian Silverman's established Brain rule, here applied to the Penrose touch graph instead of its usual square neighbourhood. The exact random field is package-generated from seed penrose-touch-B2/S-3 at density 0.12 with eight border rings. Its 3,000-generation observation is a finite demonstration, not a published fixed pattern or a first-discovery claim.",
        "sources": [
          {
            "label": "CelLab documentation: Brian Silverman's Brain rule",
            "url": "https://www.fourmilab.ch/cellab/manual/chap4.html"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/survey-fields.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "catalogueCode": "C03",
      "ruleId": "R19",
      "cataloguePage": 57,
      "measurementText": "Catalogue replay through t = 3000.",
      "fixedView": false,
      "sourceReferences": [
        7
      ],
      "audit": {
        "id": "penrose-brain-field",
        "title": "Penrose excitable field",
        "status": "package-constructed",
        "scope": "constructed-field-appendix",
        "claim": "A deterministic finite initial field remains active through generation 3,000 under three-state B2/S on the Penrose contact graph; generation 3,000 has 607 live tiles.",
        "limitations": "The state transition is Brian Silverman’s established Brain rule, transferred to a different graph. This is a seeded field demonstration, not an unpreceded fixed pattern, periodicity proof, or infinite-activity proof.",
        "illustrationGenerations": [
          0,
          1500,
          3000
        ],
        "rule": "B2/S",
        "stateCount": 3,
        "neighbourhood": "touch",
        "depth": 8,
        "penroseSeed": "sun",
        "borderRings": 8,
        "randomSeed": "penrose-touch-B2/S-3",
        "density": 0.12,
        "verificationFacts": {
          "id": "penrose-brain-field",
          "title": "Penrose excitable field",
          "category": "Collective aperiodic dynamics",
          "tiling": "penrose",
          "cells": 7920,
          "neighborhood": "touch",
          "rule": "B2/S",
          "generations": 3,
          "kind": "sustained field",
          "verifiedThrough": 3000,
          "finalAlive": 607,
          "finalChanged": 1787,
          "maximumAlive": 786,
          "totalChanged": 5502268,
          "checkpoints": [
            {
              "generation": 250,
              "alive": 679,
              "changed": 1946
            },
            {
              "generation": 500,
              "alive": 590,
              "changed": 1801
            },
            {
              "generation": 750,
              "alive": 594,
              "changed": 1794
            },
            {
              "generation": 1000,
              "alive": 583,
              "changed": 1778
            },
            {
              "generation": 1250,
              "alive": 613,
              "changed": 1851
            },
            {
              "generation": 1500,
              "alive": 581,
              "changed": 1763
            },
            {
              "generation": 1750,
              "alive": 600,
              "changed": 1759
            },
            {
              "generation": 2000,
              "alive": 623,
              "changed": 1866
            },
            {
              "generation": 2250,
              "alive": 607,
              "changed": 1876
            },
            {
              "generation": 2500,
              "alive": 619,
              "changed": 1836
            },
            {
              "generation": 2750,
              "alive": 657,
              "changed": 1964
            },
            {
              "generation": 3000,
              "alive": 607,
              "changed": 1787
            }
          ]
        },
        "credit": "Package-seeded field; Brian Silverman's Brain rule",
        "provenanceNote": "The B2/S three-state transition is Brian Silverman's established Brain rule, here applied to the Penrose touch graph instead of its usual square neighbourhood. The exact random field is package-generated from seed penrose-touch-B2/S-3 at density 0.12 with eight border rings. Its 3,000-generation observation is a finite demonstration, not a published fixed pattern or a first-discovery claim.",
        "sources": [
          {
            "label": "CelLab documentation: Brian Silverman's Brain rule",
            "url": "https://www.fourmilab.ch/cellab/manual/chap4.html"
          }
        ],
        "evidence": [
          "research/fixtures/catalogue-verification.json",
          "research/survey-fields.js",
          "docs/RULE_SURVEY.md"
        ]
      },
      "attributionLabel": "Package-generated Penrose field using Brian Silverman’s Brain transition, documented in Rucker–Walker’s CelLab manual [7]. Rule R19 changes the neighbourhood to Penrose touch adjacency.",
      "citationGroups": [
        {
          "label": "Source for Brian Silverman’s Brain local transition; the Penrose neighbourhood and generated seed are package choices",
          "references": [
            7
          ]
        }
      ],
      "reproduction": {
        "id": "penrose-brain-field",
        "tiling": "penrose",
        "depth": 8,
        "penroseSeed": "sun",
        "neighbourhood": "touch",
        "rule": "B2/S",
        "states": 3,
        "borderRings": 8,
        "patchTileCount": 7920,
        "verticesPerTile": 4,
        "geometrySHA256": "d2be01eacf58721466179e4d5ae63a755cef1caa8a2d47d4807c98cc70d1fb67",
        "graphSHA256": "18568f6dbf9f7773fd252114168ebae4ddba6da3d4c7449e5cd2d2ed4535431a",
        "initialCellStates": [
          [
            15,
            1
          ],
          [
            64,
            1
          ],
          [
            79,
            1
          ],
          [
            289,
            1
          ],
          [
            294,
            1
          ],
          [
            311,
            1
          ],
          [
            314,
            1
          ],
          [
            315,
            1
          ],
          [
            348,
            1
          ],
          [
            351,
            1
          ],
          [
            359,
            1
          ],
          [
            371,
            1
          ],
          [
            380,
            1
          ],
          [
            388,
            1
          ],
          [
            390,
            1
          ],
          [
            392,
            1
          ],
          [
            393,
            1
          ],
          [
            394,
            1
          ],
          [
            400,
            1
          ],
          [
            408,
            1
          ],
          [
            410,
            1
          ],
          [
            419,
            1
          ],
          [
            426,
            1
          ],
          [
            427,
            1
          ],
          [
            438,
            1
          ],
          [
            443,
            1
          ],
          [
            450,
            1
          ],
          [
            551,
            1
          ],
          [
            554,
            1
          ],
          [
            570,
            1
          ],
          [
            579,
            1
          ],
          [
            584,
            1
          ],
          [
            589,
            1
          ],
          [
            594,
            1
          ],
          [
            596,
            1
          ],
          [
            600,
            1
          ],
          [
            603,
            1
          ],
          [
            604,
            1
          ],
          [
            606,
            1
          ],
          [
            640,
            1
          ],
          [
            644,
            1
          ],
          [
            667,
            1
          ],
          [
            677,
            1
          ],
          [
            682,
            1
          ],
          [
            693,
            1
          ],
          [
            695,
            1
          ],
          [
            696,
            1
          ],
          [
            699,
            1
          ],
          [
            700,
            1
          ],
          [
            708,
            1
          ],
          [
            733,
            1
          ],
          [
            744,
            1
          ],
          [
            752,
            1
          ],
          [
            765,
            1
          ],
          [
            769,
            1
          ],
          [
            789,
            1
          ],
          [
            790,
            1
          ],
          [
            836,
            1
          ],
          [
            840,
            1
          ],
          [
            1067,
            1
          ],
          [
            1074,
            1
          ],
          [
            1075,
            1
          ],
          [
            1080,
            1
          ],
          [
            1086,
            1
          ],
          [
            1087,
            1
          ],
          [
            1091,
            1
          ],
          [
            1111,
            1
          ],
          [
            1116,
            1
          ],
          [
            1118,
            1
          ],
          [
            1129,
            1
          ],
          [
            1130,
            1
          ],
          [
            1146,
            1
          ],
          [
            1153,
            1
          ],
          [
            1163,
            1
          ],
          [
            1164,
            1
          ],
          [
            1166,
            1
          ],
          [
            1171,
            1
          ],
          [
            1176,
            1
          ],
          [
            1186,
            1
          ],
          [
            1206,
            1
          ],
          [
            1209,
            1
          ],
          [
            1218,
            1
          ],
          [
            1221,
            1
          ],
          [
            1236,
            1
          ],
          [
            1243,
            1
          ],
          [
            1245,
            1
          ],
          [
            1250,
            1
          ],
          [
            1330,
            1
          ],
          [
            1337,
            1
          ],
          [
            1339,
            1
          ],
          [
            1348,
            1
          ],
          [
            1366,
            1
          ],
          [
            1377,
            1
          ],
          [
            1392,
            1
          ],
          [
            1399,
            1
          ],
          [
            1404,
            1
          ],
          [
            1435,
            1
          ],
          [
            1436,
            1
          ],
          [
            1440,
            1
          ],
          [
            1446,
            1
          ],
          [
            1466,
            1
          ],
          [
            1467,
            1
          ],
          [
            1477,
            1
          ],
          [
            1479,
            1
          ],
          [
            1486,
            1
          ],
          [
            1508,
            1
          ],
          [
            1509,
            1
          ],
          [
            1511,
            1
          ],
          [
            1540,
            1
          ],
          [
            1541,
            1
          ],
          [
            1546,
            1
          ],
          [
            1561,
            1
          ],
          [
            1562,
            1
          ],
          [
            1588,
            1
          ],
          [
            1598,
            1
          ],
          [
            1864,
            1
          ],
          [
            1874,
            1
          ],
          [
            1879,
            1
          ],
          [
            1880,
            1
          ],
          [
            1889,
            1
          ],
          [
            1898,
            1
          ],
          [
            1899,
            1
          ],
          [
            1902,
            1
          ],
          [
            1903,
            1
          ],
          [
            1907,
            1
          ],
          [
            1912,
            1
          ],
          [
            1920,
            1
          ],
          [
            1924,
            1
          ],
          [
            1934,
            1
          ],
          [
            1936,
            1
          ],
          [
            1960,
            1
          ],
          [
            1978,
            1
          ],
          [
            1989,
            1
          ],
          [
            2003,
            1
          ],
          [
            2012,
            1
          ],
          [
            2013,
            1
          ],
          [
            2016,
            1
          ],
          [
            2023,
            1
          ],
          [
            2027,
            1
          ],
          [
            2125,
            1
          ],
          [
            2150,
            1
          ],
          [
            2160,
            1
          ],
          [
            2163,
            1
          ],
          [
            2170,
            1
          ],
          [
            2210,
            1
          ],
          [
            2211,
            1
          ],
          [
            2224,
            1
          ],
          [
            2235,
            1
          ],
          [
            2240,
            1
          ],
          [
            2255,
            1
          ],
          [
            2260,
            1
          ],
          [
            2262,
            1
          ],
          [
            2269,
            1
          ],
          [
            2306,
            1
          ],
          [
            2310,
            1
          ],
          [
            2316,
            1
          ],
          [
            2329,
            1
          ],
          [
            2333,
            1
          ],
          [
            2339,
            1
          ],
          [
            2342,
            1
          ],
          [
            2346,
            1
          ],
          [
            2348,
            1
          ],
          [
            2352,
            1
          ],
          [
            2354,
            1
          ],
          [
            2371,
            1
          ],
          [
            2374,
            1
          ],
          [
            2379,
            1
          ],
          [
            2391,
            1
          ],
          [
            2656,
            1
          ],
          [
            2658,
            1
          ],
          [
            2686,
            1
          ],
          [
            2700,
            1
          ],
          [
            2708,
            1
          ],
          [
            2712,
            1
          ],
          [
            2716,
            1
          ],
          [
            2717,
            1
          ],
          [
            2720,
            1
          ],
          [
            2722,
            1
          ],
          [
            2725,
            1
          ],
          [
            2727,
            1
          ],
          [
            2740,
            1
          ],
          [
            2744,
            1
          ],
          [
            2748,
            1
          ],
          [
            2766,
            1
          ],
          [
            2770,
            1
          ],
          [
            2786,
            1
          ],
          [
            2792,
            1
          ],
          [
            2802,
            1
          ],
          [
            2804,
            1
          ],
          [
            2805,
            1
          ],
          [
            2814,
            1
          ],
          [
            2828,
            1
          ],
          [
            2911,
            1
          ],
          [
            2923,
            1
          ],
          [
            2925,
            1
          ],
          [
            2930,
            1
          ],
          [
            2936,
            1
          ],
          [
            2943,
            1
          ],
          [
            2945,
            1
          ],
          [
            2953,
            1
          ],
          [
            2954,
            1
          ],
          [
            3038,
            1
          ],
          [
            3039,
            1
          ],
          [
            3049,
            1
          ],
          [
            3058,
            1
          ],
          [
            3072,
            1
          ],
          [
            3087,
            1
          ],
          [
            3090,
            1
          ],
          [
            3092,
            1
          ],
          [
            3095,
            1
          ],
          [
            3096,
            1
          ],
          [
            3102,
            1
          ],
          [
            3109,
            1
          ],
          [
            3112,
            1
          ],
          [
            3115,
            1
          ],
          [
            3117,
            1
          ],
          [
            3120,
            1
          ],
          [
            3132,
            1
          ],
          [
            3135,
            1
          ],
          [
            3215,
            1
          ],
          [
            3460,
            1
          ],
          [
            3461,
            1
          ],
          [
            3476,
            1
          ],
          [
            3481,
            1
          ],
          [
            3495,
            1
          ],
          [
            3497,
            1
          ],
          [
            3500,
            1
          ],
          [
            3529,
            1
          ],
          [
            3533,
            1
          ],
          [
            3545,
            1
          ],
          [
            3548,
            1
          ],
          [
            3549,
            1
          ],
          [
            3550,
            1
          ],
          [
            3557,
            1
          ],
          [
            3562,
            1
          ],
          [
            3565,
            1
          ],
          [
            3612,
            1
          ],
          [
            3614,
            1
          ],
          [
            3694,
            1
          ],
          [
            3701,
            1
          ],
          [
            3732,
            1
          ],
          [
            3746,
            1
          ],
          [
            3761,
            1
          ],
          [
            3813,
            1
          ],
          [
            3821,
            1
          ],
          [
            3828,
            1
          ],
          [
            3834,
            1
          ],
          [
            3836,
            1
          ],
          [
            3847,
            1
          ],
          [
            3854,
            1
          ],
          [
            3860,
            1
          ],
          [
            3868,
            1
          ],
          [
            3900,
            1
          ],
          [
            3902,
            1
          ],
          [
            3903,
            1
          ],
          [
            3907,
            1
          ],
          [
            3928,
            1
          ],
          [
            3929,
            1
          ],
          [
            3957,
            1
          ],
          [
            4012,
            1
          ],
          [
            4239,
            1
          ],
          [
            4246,
            1
          ],
          [
            4248,
            1
          ],
          [
            4249,
            1
          ],
          [
            4254,
            1
          ],
          [
            4257,
            1
          ],
          [
            4263,
            1
          ],
          [
            4268,
            1
          ],
          [
            4271,
            1
          ],
          [
            4285,
            1
          ],
          [
            4286,
            1
          ],
          [
            4297,
            1
          ],
          [
            4303,
            1
          ],
          [
            4308,
            1
          ],
          [
            4309,
            1
          ],
          [
            4311,
            1
          ],
          [
            4315,
            1
          ],
          [
            4316,
            1
          ],
          [
            4321,
            1
          ],
          [
            4331,
            1
          ],
          [
            4336,
            1
          ],
          [
            4371,
            1
          ],
          [
            4385,
            1
          ],
          [
            4386,
            1
          ],
          [
            4404,
            1
          ],
          [
            4406,
            1
          ],
          [
            4500,
            1
          ],
          [
            4501,
            1
          ],
          [
            4504,
            1
          ],
          [
            4505,
            1
          ],
          [
            4506,
            1
          ],
          [
            4511,
            1
          ],
          [
            4520,
            1
          ],
          [
            4533,
            1
          ],
          [
            4540,
            1
          ],
          [
            4560,
            1
          ],
          [
            4614,
            1
          ],
          [
            4620,
            1
          ],
          [
            4628,
            1
          ],
          [
            4633,
            1
          ],
          [
            4636,
            1
          ],
          [
            4648,
            1
          ],
          [
            4659,
            1
          ],
          [
            4665,
            1
          ],
          [
            4679,
            1
          ],
          [
            4699,
            1
          ],
          [
            4701,
            1
          ],
          [
            4704,
            1
          ],
          [
            4723,
            1
          ],
          [
            4768,
            1
          ],
          [
            4795,
            1
          ],
          [
            5029,
            1
          ],
          [
            5036,
            1
          ],
          [
            5038,
            1
          ],
          [
            5075,
            1
          ],
          [
            5076,
            1
          ],
          [
            5083,
            1
          ],
          [
            5090,
            1
          ],
          [
            5106,
            1
          ],
          [
            5116,
            1
          ],
          [
            5117,
            1
          ],
          [
            5118,
            1
          ],
          [
            5131,
            1
          ],
          [
            5146,
            1
          ],
          [
            5155,
            1
          ],
          [
            5159,
            1
          ],
          [
            5193,
            1
          ],
          [
            5196,
            1
          ],
          [
            5302,
            1
          ],
          [
            5315,
            1
          ],
          [
            5320,
            1
          ],
          [
            5355,
            1
          ],
          [
            5359,
            1
          ],
          [
            5394,
            1
          ],
          [
            5398,
            1
          ],
          [
            5408,
            1
          ],
          [
            5410,
            1
          ],
          [
            5413,
            1
          ],
          [
            5429,
            1
          ],
          [
            5448,
            1
          ],
          [
            5464,
            1
          ],
          [
            5479,
            1
          ],
          [
            5480,
            1
          ],
          [
            5503,
            1
          ],
          [
            5504,
            1
          ],
          [
            5508,
            1
          ],
          [
            5539,
            1
          ],
          [
            5540,
            1
          ],
          [
            5829,
            1
          ],
          [
            5834,
            1
          ],
          [
            5836,
            1
          ],
          [
            5839,
            1
          ],
          [
            5840,
            1
          ],
          [
            5845,
            1
          ],
          [
            5852,
            1
          ],
          [
            5856,
            1
          ],
          [
            5896,
            1
          ],
          [
            5915,
            1
          ],
          [
            5921,
            1
          ],
          [
            5929,
            1
          ],
          [
            5941,
            1
          ],
          [
            5942,
            1
          ],
          [
            5945,
            1
          ],
          [
            5960,
            1
          ],
          [
            5963,
            1
          ],
          [
            5964,
            1
          ],
          [
            5974,
            1
          ],
          [
            5975,
            1
          ],
          [
            5977,
            1
          ],
          [
            5982,
            1
          ],
          [
            5995,
            1
          ],
          [
            5996,
            1
          ],
          [
            6001,
            1
          ],
          [
            6079,
            1
          ],
          [
            6087,
            1
          ],
          [
            6099,
            1
          ],
          [
            6111,
            1
          ],
          [
            6140,
            1
          ],
          [
            6142,
            1
          ],
          [
            6145,
            1
          ],
          [
            6147,
            1
          ],
          [
            6155,
            1
          ],
          [
            6169,
            1
          ],
          [
            6184,
            1
          ],
          [
            6198,
            1
          ],
          [
            6200,
            1
          ],
          [
            6206,
            1
          ],
          [
            6217,
            1
          ],
          [
            6240,
            1
          ],
          [
            6249,
            1
          ],
          [
            6270,
            1
          ],
          [
            6285,
            1
          ],
          [
            6290,
            1
          ],
          [
            6308,
            1
          ],
          [
            6312,
            1
          ],
          [
            6328,
            1
          ],
          [
            6333,
            1
          ],
          [
            6350,
            1
          ],
          [
            6352,
            1
          ],
          [
            6378,
            1
          ],
          [
            6379,
            1
          ],
          [
            6603,
            1
          ],
          [
            6613,
            1
          ],
          [
            6618,
            1
          ],
          [
            6626,
            1
          ],
          [
            6628,
            1
          ],
          [
            6632,
            1
          ],
          [
            6634,
            1
          ],
          [
            6637,
            1
          ],
          [
            6658,
            1
          ],
          [
            6663,
            1
          ],
          [
            6667,
            1
          ],
          [
            6701,
            1
          ],
          [
            6703,
            1
          ],
          [
            6717,
            1
          ],
          [
            6721,
            1
          ],
          [
            6723,
            1
          ],
          [
            6724,
            1
          ],
          [
            6735,
            1
          ],
          [
            6736,
            1
          ],
          [
            6739,
            1
          ],
          [
            6746,
            1
          ],
          [
            6761,
            1
          ],
          [
            6763,
            1
          ],
          [
            6764,
            1
          ],
          [
            6772,
            1
          ],
          [
            6782,
            1
          ],
          [
            6870,
            1
          ],
          [
            6874,
            1
          ],
          [
            6894,
            1
          ],
          [
            6929,
            1
          ],
          [
            6941,
            1
          ],
          [
            6945,
            1
          ],
          [
            6948,
            1
          ],
          [
            6979,
            1
          ],
          [
            6981,
            1
          ],
          [
            6983,
            1
          ],
          [
            6994,
            1
          ],
          [
            6998,
            1
          ],
          [
            7004,
            1
          ],
          [
            7050,
            1
          ],
          [
            7052,
            1
          ],
          [
            7060,
            1
          ],
          [
            7072,
            1
          ],
          [
            7087,
            1
          ],
          [
            7090,
            1
          ],
          [
            7123,
            1
          ],
          [
            7140,
            1
          ],
          [
            7178,
            1
          ],
          [
            7194,
            1
          ],
          [
            7412,
            1
          ],
          [
            7416,
            1
          ],
          [
            7418,
            1
          ],
          [
            7424,
            1
          ],
          [
            7429,
            1
          ],
          [
            7449,
            1
          ],
          [
            7451,
            1
          ],
          [
            7455,
            1
          ],
          [
            7456,
            1
          ],
          [
            7465,
            1
          ],
          [
            7481,
            1
          ],
          [
            7487,
            1
          ],
          [
            7503,
            1
          ],
          [
            7505,
            1
          ],
          [
            7506,
            1
          ],
          [
            7507,
            1
          ],
          [
            7508,
            1
          ],
          [
            7525,
            1
          ],
          [
            7527,
            1
          ],
          [
            7532,
            1
          ],
          [
            7533,
            1
          ],
          [
            7535,
            1
          ],
          [
            7560,
            1
          ],
          [
            7566,
            1
          ],
          [
            7574,
            1
          ],
          [
            7576,
            1
          ],
          [
            7578,
            1
          ],
          [
            7587,
            1
          ],
          [
            7591,
            1
          ],
          [
            7592,
            1
          ],
          [
            7594,
            1
          ],
          [
            7684,
            1
          ],
          [
            7686,
            1
          ],
          [
            7710,
            1
          ],
          [
            7712,
            1
          ],
          [
            7725,
            1
          ],
          [
            7733,
            1
          ],
          [
            7736,
            1
          ],
          [
            7739,
            1
          ],
          [
            7741,
            1
          ],
          [
            7748,
            1
          ],
          [
            7772,
            1
          ],
          [
            7785,
            1
          ],
          [
            7789,
            1
          ],
          [
            7805,
            1
          ],
          [
            7808,
            1
          ],
          [
            7812,
            1
          ],
          [
            7814,
            1
          ],
          [
            7818,
            1
          ],
          [
            7830,
            1
          ],
          [
            7834,
            1
          ],
          [
            7836,
            1
          ],
          [
            7851,
            1
          ],
          [
            7852,
            1
          ],
          [
            7853,
            1
          ],
          [
            7868,
            1
          ],
          [
            7869,
            1
          ],
          [
            7872,
            1
          ],
          [
            7873,
            1
          ],
          [
            7874,
            1
          ],
          [
            7887,
            1
          ],
          [
            7891,
            1
          ],
          [
            7894,
            1
          ],
          [
            7897,
            1
          ],
          [
            7902,
            1
          ]
        ],
        "exactSeed": {
          "kind": "deterministic-random-field",
          "density": 0.12,
          "randomSeed": "penrose-touch-B2/S-3",
          "method": "Core.Automaton.randomize(density, randomSeed)"
        },
        "illustratedRun": {
          "throughGeneration": 3000,
          "minimumNonzero": 515,
          "maximumNonzero": 1421,
          "minimumLive": 449,
          "maximumLive": 786,
          "minimumBoundaryDistance": 8,
          "firstBoundaryAdjacentGeneration": 0,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 515,
          "live": 515,
          "stateCounts": [
            7405,
            515,
            0
          ],
          "minimumBoundaryDistance": 8,
          "nonzeroCentroid": [
            2.1565986303449836,
            -0.13454565805138893
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "8dfcb2c4ea6b530e8cf08aaaa522520ff3c2d92cc59a3b27c3010b7c18f7f766",
          "bounds": [
            -34.13203430175781,
            -35.079524993896484,
            34.13203430175781,
            34.579524993896484
          ]
        },
        {
          "t": 60,
          "active": 1219,
          "live": 593,
          "stateCounts": [
            6701,
            593,
            626
          ],
          "minimumBoundaryDistance": 8,
          "nonzeroCentroid": [
            -0.7513764969533931,
            0.07042221909570733
          ],
          "includeZeroContext": false,
          "completeStateSHA256": "24463602cc7525a1e0598e993991a31f067100e79748e74f9e079ed3eb4c7926",
          "bounds": [
            -33.18097686767578,
            -32.46149444580078,
            31.054349899291992,
            34.579524993896484
          ]
        },
        {
          "t": 3000,
          "active": 1199,
          "live": 607,
          "stateCounts": [
            6721,
            607,
            592
          ],
          "minimumBoundaryDistance": 8,
          "nonzeroCentroid": [
            -0.3956829770044847,
            0.16631317521453998
          ],
          "includeZeroContext": false,
          "completeStateSHA256": "83a98c4a17a9208edb792f6e7b5ffd454bc51d96d4e7240b06cd9ae02d3a820a",
          "bounds": [
            -34.13203430175781,
            -32.46149444580078,
            33.18097686767578,
            33.579524993896484
          ]
        }
      ]
    },
    {
      "tiling": "hex",
      "neighborhood": "edge",
      "borderRings": 1,
      "speed": 4,
      "id": "hex-b245s02-c5-p6-puffer",
      "category": "Hexagonal guns, puffers and replication",
      "title": "Hexagonal p6 single-cell-trail puffer",
      "summary": "A five-state puffer shifts by axial (−2,4) every six generations, depositing one stationary live cell each cycle. Exact separation certificates prove continued propagation on the infinite hexagonal lattice.",
      "depth": 128,
      "rule": "B245/S02",
      "generations": 5,
      "coordinateStates": [
        [
          -3,
          5,
          1
        ],
        [
          -2,
          3,
          4
        ],
        [
          -2,
          4,
          2
        ],
        [
          -2,
          5,
          1
        ],
        [
          -1,
          0,
          1
        ],
        [
          -1,
          1,
          1
        ],
        [
          -1,
          3,
          1
        ],
        [
          -1,
          4,
          2
        ],
        [
          -1,
          5,
          1
        ],
        [
          0,
          -1,
          2
        ],
        [
          0,
          0,
          2
        ],
        [
          0,
          1,
          1
        ],
        [
          0,
          3,
          4
        ],
        [
          1,
          -4,
          2
        ],
        [
          1,
          -3,
          3
        ],
        [
          1,
          -2,
          4
        ],
        [
          1,
          -1,
          4
        ],
        [
          1,
          0,
          2
        ],
        [
          1,
          1,
          1
        ],
        [
          2,
          -4,
          2
        ],
        [
          2,
          -3,
          4
        ],
        [
          2,
          -2,
          4
        ],
        [
          2,
          -1,
          2
        ],
        [
          2,
          0,
          1
        ],
        [
          3,
          -5,
          1
        ],
        [
          3,
          -4,
          2
        ],
        [
          3,
          -3,
          3
        ],
        [
          4,
          -4,
          2
        ]
      ],
      "expectedActivityThrough": 120,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -3.464101552963257,
          -8.5,
          5.196152210235596,
          68.5
        ],
        "steps": 60,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found and independently verified in this package’s bounded search; discovery priority has not been established.",
        "note": "A moving head extracted from the three-cell mixed-state seed. Its complete period-6 recurrence and permanent separation from every deposit are certified. B5 is unused in flight; the three-cell launch uses B5 twice. This is a newly verified package example, not a claim of first discovery.",
        "sources": [],
        "evidence": [
          "research/continued-search/hex/campaigns.json",
          "research/continued-search/hex/selected-evidence.json"
        ]
      },
      "catalogueCode": "X01",
      "ruleId": "R47",
      "cataloguePage": 58,
      "measurementText": "Catalogue replay through t = 120.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b245s02-c5-p6-puffer",
        "title": "Hexagonal p6 single-cell-trail puffer",
        "status": "package-found",
        "rule": "B245/S02",
        "states": 5,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -3,
            5,
            1
          ],
          [
            -2,
            3,
            4
          ],
          [
            -2,
            4,
            2
          ],
          [
            -2,
            5,
            1
          ],
          [
            -1,
            0,
            1
          ],
          [
            -1,
            1,
            1
          ],
          [
            -1,
            3,
            1
          ],
          [
            -1,
            4,
            2
          ],
          [
            -1,
            5,
            1
          ],
          [
            0,
            -1,
            2
          ],
          [
            0,
            0,
            2
          ],
          [
            0,
            1,
            1
          ],
          [
            0,
            3,
            4
          ],
          [
            1,
            -4,
            2
          ],
          [
            1,
            -3,
            3
          ],
          [
            1,
            -2,
            4
          ],
          [
            1,
            -1,
            4
          ],
          [
            1,
            0,
            2
          ],
          [
            1,
            1,
            1
          ],
          [
            2,
            -4,
            2
          ],
          [
            2,
            -3,
            4
          ],
          [
            2,
            -2,
            4
          ],
          [
            2,
            -1,
            2
          ],
          [
            2,
            0,
            1
          ],
          [
            3,
            -5,
            1
          ],
          [
            3,
            -4,
            2
          ],
          [
            3,
            -3,
            3
          ],
          [
            4,
            -4,
            2
          ]
        ],
        "preciseClaim": "A five-state puffer shifts by axial (−2,4) every six generations, depositing one stationary live cell each cycle. Exact separation certificates prove continued propagation on the infinite hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.",
          "Period 6 is the head-plus-deposit recurrence interval; the entire ever-growing trail is neither an oscillator nor a finite spaceship. B5 is inactive on this established puffer orbit."
        ],
        "suggestedIllustrationGenerations": [
          0,
          3,
          6,
          18
        ],
        "verificationFacts": {
          "emissionPeriod": 6,
          "translation": [
            -2,
            4
          ],
          "deposit": [
            [
              3,
              -5,
              1
            ]
          ],
          "completeIdentity": "F^6(H) = translate(H,(-2,4)) disjoint-union {(3,-5,1)}",
          "separationChecks": 12,
          "minimumProjectionGap": 4,
          "coreComparison": {
            "steps": 120,
            "depth": 88,
            "minimumBoundaryDistance": 3,
            "comparedCells": 2843137
          },
          "unboundedContinuation": "The complete-state head-plus-deposit identity and all-phase permanent-separation certificate prove indefinite emission."
        },
        "provenanceConcern": "A moving head extracted from the three-cell mixed-state seed. Its complete period-6 recurrence and permanent separation from every deposit are certified. B5 is unused in flight; the three-cell launch uses B5 twice. This is a newly verified package example, not a claim of first discovery.",
        "evidence": [
          "research/continued-search/hex/campaigns.json",
          "research/continued-search/hex/selected-evidence.json",
          "research/continued-search/verification/puffer-evidence.json"
        ],
        "scope": "main catalogue",
        "seedType": "Extracted 28-cell moving head, taken from generation 240 of the mixed-state twin-puffer launcher and recentred by (75,-152)."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b245s02-c5-p6-puffer",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B245/S02",
        "states": 5,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24005,
            1
          ],
          [
            24258,
            4
          ],
          [
            24259,
            2
          ],
          [
            24260,
            1
          ],
          [
            24511,
            1
          ],
          [
            24512,
            1
          ],
          [
            24514,
            1
          ],
          [
            24515,
            2
          ],
          [
            24516,
            1
          ],
          [
            24767,
            2
          ],
          [
            24768,
            2
          ],
          [
            24769,
            1
          ],
          [
            24771,
            4
          ],
          [
            25021,
            2
          ],
          [
            25022,
            3
          ],
          [
            25023,
            4
          ],
          [
            25024,
            4
          ],
          [
            25025,
            2
          ],
          [
            25026,
            1
          ],
          [
            25277,
            2
          ],
          [
            25278,
            4
          ],
          [
            25279,
            4
          ],
          [
            25280,
            2
          ],
          [
            25281,
            1
          ],
          [
            25531,
            1
          ],
          [
            25532,
            2
          ],
          [
            25533,
            3
          ],
          [
            25786,
            2
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -3,
              5,
              1
            ],
            [
              -2,
              3,
              4
            ],
            [
              -2,
              4,
              2
            ],
            [
              -2,
              5,
              1
            ],
            [
              -1,
              0,
              1
            ],
            [
              -1,
              1,
              1
            ],
            [
              -1,
              3,
              1
            ],
            [
              -1,
              4,
              2
            ],
            [
              -1,
              5,
              1
            ],
            [
              0,
              -1,
              2
            ],
            [
              0,
              0,
              2
            ],
            [
              0,
              1,
              1
            ],
            [
              0,
              3,
              4
            ],
            [
              1,
              -4,
              2
            ],
            [
              1,
              -3,
              3
            ],
            [
              1,
              -2,
              4
            ],
            [
              1,
              -1,
              4
            ],
            [
              1,
              0,
              2
            ],
            [
              1,
              1,
              1
            ],
            [
              2,
              -4,
              2
            ],
            [
              2,
              -3,
              4
            ],
            [
              2,
              -2,
              4
            ],
            [
              2,
              -1,
              2
            ],
            [
              2,
              0,
              1
            ],
            [
              3,
              -5,
              1
            ],
            [
              3,
              -4,
              2
            ],
            [
              3,
              -3,
              3
            ],
            [
              4,
              -4,
              2
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 30,
          "minimumNonzero": 23,
          "maximumNonzero": 33,
          "minimumLive": 10,
          "maximumLive": 19,
          "minimumBoundaryDistance": 103,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 28,
          "live": 10,
          "stateCounts": [
            49509,
            10,
            10,
            2,
            6
          ],
          "minimumBoundaryDistance": 123,
          "nonzeroCentroid": [
            0.8660253775971276,
            -0.10714285714285714
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9f2b97d330475cc23777157802b715d5a5e11218ed99063e6556a26c2ef26c91",
          "bounds": [
            -4.330127239227295,
            -10,
            6.062177658081055,
            10
          ]
        },
        {
          "t": 6,
          "active": 29,
          "live": 11,
          "stateCounts": [
            49508,
            11,
            10,
            2,
            6
          ],
          "minimumBoundaryDistance": 119,
          "nonzeroCentroid": [
            0.8660253779641514,
            5.431034482758621
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "35985965968cfa1933bcc651d71522dac115c81d66dc826667cd368b4f5f2240",
          "bounds": [
            -4.330127239227295,
            -10,
            6.062177658081055,
            16
          ]
        },
        {
          "t": 30,
          "active": 33,
          "live": 15,
          "stateCounts": [
            49504,
            15,
            10,
            2,
            6
          ],
          "minimumBoundaryDistance": 103,
          "nonzeroCentroid": [
            0.8660253792098074,
            26.045454545454547
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "ce2cdd51e54cecda865219b186835a5531762d2a920668434eccb243cf6f29e8",
          "bounds": [
            -4.330127239227295,
            -10,
            6.062177658081055,
            40
          ]
        }
      ]
    },
    {
      "tiling": "hex",
      "neighborhood": "edge",
      "borderRings": 1,
      "speed": 4,
      "id": "hex-b245s02-c5-three-cell-twin-puffer-launcher",
      "category": "Hexagonal guns, puffers and replication",
      "title": "Hexagonal three-cell twin-puffer launcher",
      "summary": "Two live cells and one refractory cell launch two opposite puffers. By generation 30 they have separated from four stationary cells; each puffer then deposits one live cell every six generations.",
      "depth": 128,
      "rule": "B245/S02",
      "generations": 5,
      "coordinateStates": [
        [
          0,
          1,
          2
        ],
        [
          1,
          0,
          1
        ],
        [
          2,
          0,
          1
        ]
      ],
      "expectedActivityThrough": 120,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -8.66025447845459,
          -56.5,
          13.856406211853027,
          56.5
        ],
        "steps": 60,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found and independently verified in this package’s bounded search; discovery priority has not been established.",
        "note": "Mixed-state exhaustive campaign, seed mixed-n3-c5-s10. Complete replay gives two opposite certified p6 puffers and four stationary live cells at generation 30. This is a finite launch, not a stationary gun. A related four-live-cell seed had remained unclassified in the earlier exhaustive campaign; priority outside this package is unestablished.",
        "sources": [],
        "evidence": [
          "research/continued-search/hex/campaigns.json",
          "research/continued-search/hex/selected-evidence.json"
        ]
      },
      "catalogueCode": "X02",
      "ruleId": "R47",
      "cataloguePage": 59,
      "measurementText": "Catalogue replay through t = 120.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b245s02-c5-three-cell-twin-puffer-launcher",
        "title": "Hexagonal three-cell twin-puffer launcher",
        "status": "package-found",
        "rule": "B245/S02",
        "states": 5,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            0,
            1,
            2
          ],
          [
            1,
            0,
            1
          ],
          [
            2,
            0,
            1
          ]
        ],
        "preciseClaim": "Two live cells and one refractory cell launch two opposite puffers. By generation 30 they have separated from four stationary cells; each puffer then deposits one live cell every six generations.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.",
          "This is a one-off launch of two moving emitters, not a stationary gun. Generation 30 is the first successful split among tested generations divisible by six, not a universal earliest-decomposition claim. B5 is used twice during ignition."
        ],
        "suggestedIllustrationGenerations": [
          0,
          6,
          30,
          60
        ],
        "verificationFacts": {
          "splitGeneration": 30,
          "headCount": 2,
          "headSupport": 28,
          "period": 6,
          "translations": [
            [
              -2,
              4
            ],
            [
              2,
              -4
            ]
          ],
          "stationaryDebris": [
            [
              -4,
              0,
              1
            ],
            [
              0,
              3,
              1
            ],
            [
              3,
              -3,
              1
            ],
            [
              7,
              0,
              1
            ]
          ],
          "betweenGroupSeparationChecks": 18,
          "minimumProjectionGap": 4,
          "coreComparison": {
            "steps": 120,
            "depth": 80,
            "minimumBoundaryDistance": 3,
            "comparedCells": 2352361
          },
          "unboundedContinuation": "Both isolated heads have twelve all-phase separation checks; eighteen additional checks protect mutual separation and separation from the four pre-existing fixed cells."
        },
        "provenanceConcern": "Mixed-state exhaustive campaign, seed mixed-n3-c5-s10. Complete replay gives two opposite certified p6 puffers and four stationary live cells at generation 30. This is a finite launch, not a stationary gun. A related four-live-cell seed had remained unclassified in the earlier exhaustive campaign; priority outside this package is unestablished.",
        "evidence": [
          "research/continued-search/hex/campaigns.json",
          "research/continued-search/hex/selected-evidence.json",
          "research/continued-search/verification/puffer-evidence.json"
        ],
        "scope": "main catalogue",
        "seedType": "Original three-cell mixed-state seed: two live cells and one state-2 refractory cell."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b245s02-c5-three-cell-twin-puffer-launcher",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B245/S02",
        "states": 5,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24769,
            2
          ],
          [
            25025,
            1
          ],
          [
            25281,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              0,
              1,
              2
            ],
            [
              1,
              0,
              1
            ],
            [
              2,
              0,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 60,
          "minimumNonzero": 2,
          "maximumNonzero": 78,
          "minimumLive": 2,
          "maximumLive": 42,
          "minimumBoundaryDistance": 91,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 3,
          "live": 2,
          "stateCounts": [
            49534,
            2,
            1,
            0,
            0
          ],
          "minimumBoundaryDistance": 126,
          "nonzeroCentroid": [
            2.020725905895233,
            0.5
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b9f362e0b8d259787bcd885eddc51248fb897dddc9833f339557bf5d12afba41",
          "bounds": [
            -1.7320507764816284,
            -2.5,
            6.062177658081055,
            4
          ]
        },
        {
          "t": 30,
          "active": 60,
          "live": 24,
          "stateCounts": [
            49477,
            24,
            20,
            4,
            12
          ],
          "minimumBoundaryDistance": 111,
          "nonzeroCentroid": [
            2.598076190551122,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "86b740ec98cd4940a99629af4b80e873018a5b32ff9ae446e2ab87dfc31446f1",
          "bounds": [
            -9.52627944946289,
            -28,
            14.722432136535645,
            28
          ]
        },
        {
          "t": 60,
          "active": 70,
          "live": 34,
          "stateCounts": [
            49467,
            34,
            20,
            4,
            12
          ],
          "minimumBoundaryDistance": 91,
          "nonzeroCentroid": [
            2.5980761783463615,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9210ea4eed49306898de3285a75c43fc7ef7871f693161ab717a6e2f3ab6cf78",
          "bounds": [
            -9.52627944946289,
            -58,
            14.722432136535645,
            58
          ]
        }
      ]
    },
    {
      "tiling": "hex",
      "neighborhood": "edge",
      "borderRings": 1,
      "speed": 4,
      "id": "hex-b2345s24-c4-p48-traveller",
      "category": "Hexagonal travellers",
      "title": "Hexagonal p48 long-cycle spaceship",
      "summary": "A four-state spaceship follows a 48-generation cycle, moving by axial (−32,16). It can also be launched from seven live cells, as recorded in the accompanying evidence.",
      "depth": 192,
      "rule": "B2345/S24",
      "generations": 4,
      "coordinateStates": [
        [
          -4,
          4,
          1
        ],
        [
          -3,
          3,
          1
        ],
        [
          -3,
          4,
          1
        ],
        [
          -2,
          2,
          3
        ],
        [
          -2,
          3,
          1
        ],
        [
          -2,
          4,
          3
        ],
        [
          0,
          1,
          1
        ],
        [
          0,
          2,
          2
        ],
        [
          0,
          3,
          1
        ],
        [
          0,
          4,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          1,
          2,
          3
        ],
        [
          1,
          3,
          1
        ],
        [
          2,
          -3,
          2
        ],
        [
          2,
          -2,
          3
        ],
        [
          2,
          2,
          2
        ],
        [
          2,
          3,
          3
        ],
        [
          3,
          -4,
          3
        ],
        [
          3,
          -1,
          3
        ],
        [
          4,
          -2,
          3
        ]
      ],
      "expectedPeriod": 48,
      "moving": true,
      "translation": [
        -32,
        16
      ],
      "view": {
        "mode": "trajectory",
        "bounds": [
          -56.29165267944336,
          -7,
          9.52627944946289,
          38.5
        ],
        "steps": 60,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found and independently verified in this package’s bounded search; discovery priority has not been established.",
        "note": "Seven-cell exhaustive campaign, seed n7c4s245: seven live cells settle after 16 generations into this exact period-48 ship. The displayed recurrent phase was centred for viewing. Full D6/phase comparison finds no match in the preceding 33-entry hexagonal catalogue. Independent decomposition at every phase confirms one persistent body with short-lived sparks, rather than a convoy of independently recurring ships. No worldwide priority claim is made.",
        "sources": [],
        "evidence": [
          "research/continued-search/hex/campaigns.json",
          "research/continued-search/hex/selected-evidence.json"
        ]
      },
      "catalogueCode": "X03",
      "ruleId": "R42",
      "cataloguePage": 60,
      "measurementText": "Least period p = 48; transient = 0; axial shift = (-32, 16); cycle L = 10-23; cycle N = 21-50.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b2345s24-c4-p48-traveller",
        "title": "Hexagonal p48 long-cycle spaceship",
        "status": "package-found",
        "rule": "B2345/S24",
        "states": 4,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -4,
            4,
            1
          ],
          [
            -3,
            3,
            1
          ],
          [
            -3,
            4,
            1
          ],
          [
            -2,
            2,
            3
          ],
          [
            -2,
            3,
            1
          ],
          [
            -2,
            4,
            3
          ],
          [
            0,
            1,
            1
          ],
          [
            0,
            2,
            2
          ],
          [
            0,
            3,
            1
          ],
          [
            0,
            4,
            1
          ],
          [
            1,
            0,
            1
          ],
          [
            1,
            1,
            1
          ],
          [
            1,
            2,
            3
          ],
          [
            1,
            3,
            1
          ],
          [
            2,
            -3,
            2
          ],
          [
            2,
            -2,
            3
          ],
          [
            2,
            2,
            2
          ],
          [
            2,
            3,
            3
          ],
          [
            3,
            -4,
            3
          ],
          [
            3,
            -1,
            3
          ],
          [
            4,
            -2,
            3
          ]
        ],
        "preciseClaim": "The complete 4-state configuration has least translated period 48, with axial displacement (-32, 16). Its recurrent orbit contains 10-23 live cells and 21-50 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.",
          "B5 is inactive throughout this recurrent orbit; the searched rule B2345/S24 is retained. D6/phase comparison excludes matches only within the preceding 33-entry package catalogue. Independent decomposition finds one persistent body plus short-lived sparks, not an independently repeating convoy."
        ],
        "suggestedIllustrationGenerations": [
          0,
          12,
          24,
          48
        ],
        "verificationFacts": {
          "kind": "spaceship",
          "transient": 0,
          "period": 48,
          "translation": [
            -32,
            16
          ],
          "distancePerPeriod": 32,
          "speed": 0.6666666666666666,
          "euclideanSpeedInNeighbourSpacings": 0.5773502691896257,
          "ruleClauses": {
            "S2": 326,
            "B2": 334,
            "S4": 50,
            "B3": 104,
            "B4": 6
          },
          "populations": [
            10,
            16,
            22,
            23,
            23,
            22,
            18,
            21,
            21,
            22,
            19,
            14,
            12,
            16,
            20,
            19,
            20,
            18,
            12,
            13,
            14,
            13,
            12,
            10,
            10,
            16,
            22,
            23,
            23,
            22,
            18,
            21,
            21,
            22,
            19,
            14,
            12,
            16,
            20,
            19,
            20,
            18,
            12,
            13,
            14,
            13,
            12,
            10
          ],
          "supportSizes": [
            21,
            21,
            30,
            41,
            50,
            50,
            41,
            39,
            41,
            43,
            45,
            46,
            34,
            27,
            30,
            37,
            44,
            42,
            35,
            31,
            27,
            25,
            27,
            27,
            21,
            21,
            30,
            41,
            50,
            50,
            41,
            39,
            41,
            43,
            45,
            46,
            34,
            27,
            30,
            37,
            44,
            42,
            35,
            31,
            27,
            25,
            27,
            27
          ],
          "stateValues": [
            1,
            2,
            3
          ],
          "minimumLive": 10,
          "maximumLive": 23,
          "minimumActive": 21,
          "maximumActive": 50,
          "maximumPhaseComponents": 5,
          "unionSize": 318,
          "unionComponents": [
            318
          ],
          "perCellPeriods": null,
          "phase0": [
            [
              -4,
              4,
              1
            ],
            [
              -3,
              3,
              1
            ],
            [
              -3,
              4,
              1
            ],
            [
              -2,
              2,
              3
            ],
            [
              -2,
              3,
              1
            ],
            [
              -2,
              4,
              3
            ],
            [
              0,
              1,
              1
            ],
            [
              0,
              2,
              2
            ],
            [
              0,
              3,
              1
            ],
            [
              0,
              4,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              1,
              2,
              3
            ],
            [
              1,
              3,
              1
            ],
            [
              2,
              -3,
              2
            ],
            [
              2,
              -2,
              3
            ],
            [
              2,
              2,
              2
            ],
            [
              2,
              3,
              3
            ],
            [
              3,
              -4,
              3
            ],
            [
              3,
              -1,
              3
            ],
            [
              4,
              -2,
              3
            ]
          ],
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 3,
          "maximumSupportGeneration": 4
        },
        "provenanceConcern": "Seven-cell exhaustive campaign, seed n7c4s245: seven live cells settle after 16 generations into this exact period-48 ship. The displayed recurrent phase was centred for viewing. Full D6/phase comparison finds no match in the preceding 33-entry hexagonal catalogue. Independent decomposition at every phase confirms one persistent body with short-lived sparks, rather than a convoy of independently recurring ships. No worldwide priority claim is made.",
        "evidence": [
          "research/continued-search/hex/campaigns.json",
          "research/continued-search/hex/selected-evidence.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a fixed coordinate frame for seed and translated return, or explicitly label any independently recentered panels. Include all refractory states.",
        "seedType": "Displayed 21-cell recurrent phase, recentred for viewing; a distinct seven-live-cell launch seed has transient 16.",
        "alternativeLauncher": {
          "rule": "B2345/S24",
          "generations": 4,
          "coordinateStates": [
            [
              0,
              1,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              1,
              2,
              1
            ],
            [
              1,
              3,
              1
            ],
            [
              2,
              0,
              1
            ],
            [
              3,
              0,
              1
            ],
            [
              3,
              1,
              1
            ]
          ],
          "transient": 16,
          "period": 48,
          "translation": [
            -32,
            16
          ]
        }
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b2345s24-c4-p48-traveller",
        "tiling": "hex",
        "depth": 192,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2345/S24",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 111169,
        "verticesPerTile": 6,
        "geometrySHA256": "c594746a972e1081dd49019bffae5d64762c200fe66d80cb66eba0acdc41e54c",
        "graphSHA256": "5a33e03718f696248c5f284cf67bbd73a0bf28c158b267b6a5dc62164878ba48",
        "initialCellStates": [
          [
            54054,
            1
          ],
          [
            54435,
            1
          ],
          [
            54436,
            1
          ],
          [
            54817,
            3
          ],
          [
            54818,
            1
          ],
          [
            54819,
            3
          ],
          [
            55585,
            1
          ],
          [
            55586,
            2
          ],
          [
            55587,
            1
          ],
          [
            55588,
            1
          ],
          [
            55969,
            1
          ],
          [
            55970,
            1
          ],
          [
            55971,
            3
          ],
          [
            55972,
            1
          ],
          [
            56350,
            2
          ],
          [
            56351,
            3
          ],
          [
            56355,
            2
          ],
          [
            56356,
            3
          ],
          [
            56732,
            3
          ],
          [
            56735,
            3
          ],
          [
            57116,
            3
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -4,
              4,
              1
            ],
            [
              -3,
              3,
              1
            ],
            [
              -3,
              4,
              1
            ],
            [
              -2,
              2,
              3
            ],
            [
              -2,
              3,
              1
            ],
            [
              -2,
              4,
              3
            ],
            [
              0,
              1,
              1
            ],
            [
              0,
              2,
              2
            ],
            [
              0,
              3,
              1
            ],
            [
              0,
              4,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              1,
              2,
              3
            ],
            [
              1,
              3,
              1
            ],
            [
              2,
              -3,
              2
            ],
            [
              2,
              -2,
              3
            ],
            [
              2,
              2,
              2
            ],
            [
              2,
              3,
              3
            ],
            [
              3,
              -4,
              3
            ],
            [
              3,
              -1,
              3
            ],
            [
              4,
              -2,
              3
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 48,
          "minimumNonzero": 21,
          "maximumNonzero": 50,
          "minimumLive": 10,
          "maximumLive": 23,
          "minimumBoundaryDistance": 156,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 21,
          "live": 10,
          "stateCounts": [
            111148,
            10,
            3,
            8
          ],
          "minimumBoundaryDistance": 187,
          "nonzeroCentroid": [
            1.6908114836329506,
            2.0714285714285716
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "8bfd6525326053d2252b5698279dbf47accd135b218f9b38b78091056c3a7942",
          "bounds": [
            -6.062177658081055,
            -8.5,
            8.66025447845459,
            8.5
          ]
        },
        {
          "t": 24,
          "active": 21,
          "live": 10,
          "stateCounts": [
            111148,
            10,
            3,
            8
          ],
          "minimumBoundaryDistance": 172,
          "nonzeroCentroid": [
            -18.26901204245431,
            15.5
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9611cc5f8c63b3b7c5fb00f2dbbf836367f248fc6e909416c88b7f7fce8a88cc",
          "bounds": [
            -26.84678840637207,
            8,
            -8.66025447845459,
            22
          ]
        },
        {
          "t": 48,
          "active": 21,
          "live": 10,
          "stateCounts": [
            111148,
            10,
            3,
            8
          ],
          "minimumBoundaryDistance": 156,
          "nonzeroCentroid": [
            -39.87840797787621,
            26.071428571428573
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "33741ddfc949ab9ea1ad557fde47b733a7a1a703f487ecb33e1e9454306f7122",
          "bounds": [
            -47.63139724731445,
            15.5,
            -32.908966064453125,
            32.5
          ]
        }
      ]
    },
    {
      "id": "hex-b2s0-c3-three-cell-glider",
      "category": "Hexagonal travellers",
      "title": "Hexagonal three-cell glider",
      "summary": "Three live cells form an exact three-state spaceship. Its complete state moves one axial cell every two generations; the alternating refractory phase is part of the glider.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B2/S0",
      "generations": 3,
      "borderRings": 1,
      "speed": 3,
      "coordinateStates": [
        [
          0,
          1,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          2,
          0,
          1
        ]
      ],
      "expectedTravel": {
        "steps": 120,
        "minimumDisplacement": 103.923,
        "minimumDirectionality": 0.999,
        "maximumRadius": 1.733,
        "minimumActive": 3,
        "maximumActive": 5,
        "minimumLive": 2,
        "maximumLive": 3,
        "minimumBoundaryDistance": 68,
        "connectedThroughout": false,
        "expectedRuleClauses": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 180,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 0,
            "count": 120,
            "lastToGeneration": 120
          }
        ],
        "translatedReturn": {
          "fromGeneration": 1,
          "toGeneration": 3,
          "dx": -0.8660253882408142,
          "dy": -1.5,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          1531259721,
          1540034580
        ],
        "finalCellStates": [
          [
            24709,
            1
          ],
          [
            24965,
            1
          ],
          [
            25221,
            1
          ]
        ]
      },
      "view": {
        "mode": "trajectory",
        "bounds": [
          -10.392304420471191,
          -19,
          4.330127239227295,
          2.5
        ],
        "steps": 24,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s bounded exhaustive search; discovery priority has not been established.",
        "note": "Campaign small, enumerated seed 3, recorded trial 101391. Three live cells already form a period-2 spaceship in B2/S0 with three states; complete-state translation is (0,-1). The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hex-exhaustive-evidence.json",
          "research/exhaustive-search/hex/campaigns.json",
          "research/exhaustive-search/hex/search.cpp",
          "test-hex-exhaustive-evidence.js"
        ]
      },
      "catalogueCode": "X04",
      "ruleId": "R30",
      "cataloguePage": 61,
      "measurementText": "Least period p = 2; transient = 0; axial shift = (0, -1); cycle L = 2-3; cycle N = 3-5; 120-step replay minimum boundary distance = 68.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b2s0-c3-three-cell-glider",
        "title": "Hexagonal three-cell glider",
        "status": "package-found",
        "rule": "B2/S0",
        "states": 3,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            0,
            1,
            1
          ],
          [
            1,
            0,
            1
          ],
          [
            2,
            0,
            1
          ]
        ],
        "preciseClaim": "The complete 3-state configuration has least translated period 2, with axial displacement (0, -1). Its recurrent orbit contains 2-3 live cells and 3-5 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          1,
          2,
          4
        ],
        "verificationFacts": {
          "kind": "spaceship",
          "transient": 0,
          "period": 2,
          "translation": [
            0,
            -1
          ],
          "liveRange": [
            2,
            3
          ],
          "activeRange": [
            3,
            5
          ],
          "unionSize": 5,
          "unionComponents": [
            5
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "B2": 3,
            "S0": 2
          },
          "phaseStatesSha256": "e342b82be1ca6cee7eea2ad5a3c031bbb6c164c82acd83747831b94c11984ff2",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 0,
          "maximumSupportGeneration": 1
        },
        "provenanceConcern": "Campaign small, enumerated seed 3, recorded trial 101391. Three live cells already form a period-2 spaceship in B2/S0 with three states; complete-state translation is (0,-1). The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hex-exhaustive-evidence.json",
          "research/exhaustive-search/hex/campaigns.json",
          "research/exhaustive-search/hex/search.cpp",
          "test-hex-exhaustive-evidence.js"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a fixed coordinate frame for seed and translated return, or explicitly label any independently recentered panels. Include all refractory states.",
        "seedType": "Original three-live-cell search seed, which itself already lies on the period-2 translated orbit."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b2s0-c3-three-cell-glider",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S0",
        "states": 3,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24769,
            1
          ],
          [
            25025,
            1
          ],
          [
            25281,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              0,
              1,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              2,
              0,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 3,
          "minimumNonzero": 3,
          "maximumNonzero": 5,
          "minimumLive": 2,
          "maximumLive": 3,
          "minimumBoundaryDistance": 126,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 3,
          "live": 3,
          "stateCounts": [
            49534,
            3,
            0
          ],
          "minimumBoundaryDistance": 126,
          "nonzeroCentroid": [
            2.020725905895233,
            0.5
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "e053303af30efc901eed977ff3fe715867ee975498be9d293b346192275c484b",
          "bounds": [
            -1.7320507764816284,
            -2.5,
            6.062177658081055,
            4
          ]
        },
        {
          "t": 1,
          "active": 5,
          "live": 2,
          "stateCounts": [
            49532,
            2,
            3
          ],
          "minimumBoundaryDistance": 126,
          "nonzeroCentroid": [
            1.7320507645606995,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "27e1852831350f32917110bc15ff6c21481f1160992feb2be2f77dd87f35191a",
          "bounds": [
            -2.598076105117798,
            -4,
            6.062177658081055,
            4
          ]
        },
        {
          "t": 3,
          "active": 5,
          "live": 2,
          "stateCounts": [
            49532,
            2,
            3
          ],
          "minimumBoundaryDistance": 126,
          "nonzeroCentroid": [
            0.8660253763198853,
            -1.5
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6674e983f37ff0732165b46ae5d53fb36995b05a66448152a46ebf274f938e45",
          "bounds": [
            -3.464101552963257,
            -5.5,
            5.196152210235596,
            2.5
          ]
        }
      ]
    },
    {
      "id": "hex-b234s1346-c3-four-cell-launcher",
      "category": "Hexagonal travellers",
      "title": "Hexagonal four-cell diagonal launcher",
      "summary": "Four live cells settle after nine generations into a period-8 spaceship travelling by axial (1,1). Every live and refractory cell repeats in the translated cycle.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B234/S1346",
      "generations": 3,
      "borderRings": 1,
      "speed": 4,
      "coordinateStates": [
        [
          0,
          0,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          2,
          0,
          1
        ]
      ],
      "expectedTravel": {
        "steps": 120,
        "minimumDisplacement": 43.125,
        "minimumDirectionality": 0.64,
        "maximumRadius": 8.223,
        "minimumActive": 4,
        "maximumActive": 27,
        "minimumLive": 4,
        "maximumLive": 19,
        "minimumBoundaryDistance": 97,
        "connectedThroughout": false,
        "expectedRuleClauses": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 595,
            "lastToGeneration": 120
          },
          {
            "kind": "birth",
            "liveNeighbors": 3,
            "count": 171,
            "lastToGeneration": 119
          },
          {
            "kind": "birth",
            "liveNeighbors": 4,
            "count": 57,
            "lastToGeneration": 116
          },
          {
            "kind": "survival",
            "liveNeighbors": 1,
            "count": 125,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 3,
            "count": 369,
            "lastToGeneration": 119
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 297,
            "lastToGeneration": 118
          },
          {
            "kind": "survival",
            "liveNeighbors": 6,
            "count": 28,
            "lastToGeneration": 117
          }
        ],
        "translatedReturn": {
          "fromGeneration": 9,
          "toGeneration": 17,
          "dx": 2.5980762243270874,
          "dy": 1.5,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          2862079887,
          2583090950
        ],
        "finalCellStates": [
          [
            28047,
            1
          ],
          [
            28049,
            2
          ],
          [
            28290,
            1
          ],
          [
            28291,
            1
          ],
          [
            28532,
            1
          ],
          [
            28534,
            1
          ],
          [
            28773,
            1
          ],
          [
            28775,
            2
          ],
          [
            29013,
            1
          ],
          [
            29014,
            1
          ],
          [
            29015,
            1
          ],
          [
            29492,
            2
          ]
        ]
      },
      "view": {
        "mode": "trajectory",
        "bounds": [
          -4.330127239227295,
          -5.5,
          12.990381240844727,
          10
        ],
        "steps": 25,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s bounded exhaustive search; discovery priority has not been established.",
        "note": "Campaign small, enumerated seed 6, recorded trial 120894. Four live cells settle after nine generations into a period-8 spaceship translating (1,1). This is a finite launch, not a periodically emitting gun. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hex-exhaustive-evidence.json",
          "research/exhaustive-search/hex/campaigns.json",
          "research/exhaustive-search/hex/search.cpp",
          "test-hex-exhaustive-evidence.js"
        ]
      },
      "catalogueCode": "X05",
      "ruleId": "R39",
      "cataloguePage": 62,
      "measurementText": "Least period p = 8; transient = 9; axial shift = (1, 1); cycle L = 7-19; cycle N = 12-27; 120-step replay minimum boundary distance = 97.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b234s1346-c3-four-cell-launcher",
        "title": "Hexagonal four-cell diagonal launcher",
        "status": "package-found",
        "rule": "B234/S1346",
        "states": 3,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            0,
            0,
            1
          ],
          [
            1,
            0,
            1
          ],
          [
            1,
            1,
            1
          ],
          [
            2,
            0,
            1
          ]
        ],
        "preciseClaim": "The complete 3-state configuration has least translated period 8, with axial displacement (1, 1), after a 9-generation transient. Its recurrent orbit contains 7-19 live cells and 12-27 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          9,
          13,
          17
        ],
        "verificationFacts": {
          "kind": "spaceship",
          "transient": 9,
          "period": 8,
          "translation": [
            1,
            1
          ],
          "liveRange": [
            7,
            19
          ],
          "activeRange": [
            12,
            27
          ],
          "unionSize": 43,
          "unionComponents": [
            43
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "S4": 21,
            "S3": 26,
            "B2": 41,
            "B4": 4,
            "S1": 8,
            "B3": 12,
            "S6": 2
          },
          "phaseStatesSha256": "8f9149a08f016c5e6af887bf08094941897e0d5da64c2766c738e0c85bd8d701",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 12,
          "maximumSupportGeneration": 12
        },
        "provenanceConcern": "Campaign small, enumerated seed 6, recorded trial 120894. Four live cells settle after nine generations into a period-8 spaceship translating (1,1). This is a finite launch, not a periodically emitting gun. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hex-exhaustive-evidence.json",
          "research/exhaustive-search/hex/campaigns.json",
          "research/exhaustive-search/hex/search.cpp",
          "test-hex-exhaustive-evidence.js"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a fixed coordinate frame for seed and translated return, or explicitly label any independently recentered panels. Include all refractory states.",
        "seedType": "Initial launch seed; the recurrent spaceship begins only after the stated transient."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b234s1346-c3-four-cell-launcher",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B234/S1346",
        "states": 3,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24768,
            1
          ],
          [
            25025,
            1
          ],
          [
            25026,
            1
          ],
          [
            25281,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              0,
              0,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              2,
              0,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 17,
          "minimumNonzero": 4,
          "maximumNonzero": 27,
          "minimumLive": 4,
          "maximumLive": 19,
          "minimumBoundaryDistance": 122,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 4,
          "live": 4,
          "stateCounts": [
            49533,
            4,
            0
          ],
          "minimumBoundaryDistance": 126,
          "nonzeroCentroid": [
            1.9485571086406708,
            0.375
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "5055d845a37d2cdcfe79a3093532158eff7a6254f114b7a73ced401c6daea38d",
          "bounds": [
            -2.598076105117798,
            -2.5,
            6.062177658081055,
            4
          ]
        },
        {
          "t": 9,
          "active": 19,
          "live": 16,
          "stateCounts": [
            49518,
            16,
            3
          ],
          "minimumBoundaryDistance": 124,
          "nonzeroCentroid": [
            2.4157550209446956,
            0.39473684210526316
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "485ddb5a8bcfc05ac57942a54682810cba49fc67cb9c538c5136c0bd86b2dc5e",
          "bounds": [
            -3.464101552963257,
            -5.5,
            8.66025447845459,
            7
          ]
        },
        {
          "t": 17,
          "active": 19,
          "live": 16,
          "stateCounts": [
            49518,
            16,
            3
          ],
          "minimumBoundaryDistance": 123,
          "nonzeroCentroid": [
            5.013831245271783,
            1.894736842105263
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "cd82437eac8133c27ee62f236d9c85d70ada0d86030c46785fea2e246b391b38",
          "bounds": [
            -0.8660253882408142,
            -4,
            11.258330345153809,
            8.5
          ]
        }
      ]
    },
    {
      "id": "hex-b2456s1345-c4-five-cell-launcher",
      "category": "Hexagonal travellers",
      "title": "Hexagonal five-cell p43 launcher",
      "summary": "Five live cells launch a compact four-state spaceship. Its complete shape follows a 43-generation cycle, moving six hexagonal neighbour steps along a diagonal.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B2456/S1345",
      "generations": 4,
      "borderRings": 1,
      "speed": 6,
      "coordinateStates": [
        [
          0,
          3,
          1
        ],
        [
          1,
          2,
          1
        ],
        [
          2,
          1,
          1
        ],
        [
          3,
          1,
          1
        ],
        [
          4,
          0,
          1
        ]
      ],
      "expectedTravel": {
        "steps": 178,
        "minimumDisplacement": 38.833,
        "minimumDirectionality": 0.366,
        "maximumRadius": 13.955,
        "minimumActive": 5,
        "maximumActive": 48,
        "minimumLive": 5,
        "maximumLive": 32,
        "minimumBoundaryDistance": 102,
        "connectedThroughout": false,
        "expectedRuleClauses": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 880,
            "lastToGeneration": 178
          },
          {
            "kind": "birth",
            "liveNeighbors": 4,
            "count": 84,
            "lastToGeneration": 172
          },
          {
            "kind": "birth",
            "liveNeighbors": 5,
            "count": 16,
            "lastToGeneration": 163
          },
          {
            "kind": "birth",
            "liveNeighbors": 6,
            "count": 16,
            "lastToGeneration": 167
          },
          {
            "kind": "survival",
            "liveNeighbors": 1,
            "count": 540,
            "lastToGeneration": 178
          },
          {
            "kind": "survival",
            "liveNeighbors": 3,
            "count": 632,
            "lastToGeneration": 178
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 392,
            "lastToGeneration": 170
          },
          {
            "kind": "survival",
            "liveNeighbors": 5,
            "count": 136,
            "lastToGeneration": 168
          }
        ],
        "translatedReturn": {
          "fromGeneration": 6,
          "toGeneration": 49,
          "dx": -7.794228623310725,
          "dy": 4.5,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          3522641762,
          4221220525
        ],
        "finalCellStates": [
          [
            18425,
            1
          ],
          [
            18428,
            1
          ],
          [
            18655,
            1
          ],
          [
            18656,
            1
          ],
          [
            18657,
            3
          ],
          [
            18659,
            3
          ],
          [
            18660,
            1
          ],
          [
            18661,
            1
          ],
          [
            18888,
            3
          ],
          [
            18889,
            1
          ],
          [
            18892,
            1
          ],
          [
            18893,
            3
          ],
          [
            19124,
            3
          ],
          [
            19357,
            3
          ],
          [
            19358,
            1
          ],
          [
            19359,
            1
          ],
          [
            19360,
            3
          ],
          [
            19594,
            1
          ]
        ]
      },
      "view": {
        "mode": "trajectory",
        "bounds": [
          -18.186532974243164,
          -4,
          10.392304420471191,
          20.5
        ],
        "steps": 92,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s bounded exhaustive search; discovery priority has not been established.",
        "note": "Campaign n5, enumerated seed n5s19, recorded trial 525071. Five live cells settle after six generations into a period-43 spaceship translating (-6,3). This is a finite launch, not a periodically emitting gun. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hex-exhaustive-evidence.json",
          "research/exhaustive-search/hex/campaigns.json",
          "research/exhaustive-search/hex/search.cpp",
          "test-hex-exhaustive-evidence.js"
        ]
      },
      "catalogueCode": "X06",
      "ruleId": "R50",
      "cataloguePage": 63,
      "measurementText": "Least period p = 43; transient = 6; axial shift = (-6, 3); cycle L = 5-32; cycle N = 9-48; 178-step replay minimum boundary distance = 102.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b2456s1345-c4-five-cell-launcher",
        "title": "Hexagonal five-cell p43 launcher",
        "status": "package-found",
        "rule": "B2456/S1345",
        "states": 4,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            0,
            3,
            1
          ],
          [
            1,
            2,
            1
          ],
          [
            2,
            1,
            1
          ],
          [
            3,
            1,
            1
          ],
          [
            4,
            0,
            1
          ]
        ],
        "preciseClaim": "The complete 4-state configuration has least translated period 43, with axial displacement (-6, 3), after a 6-generation transient. Its recurrent orbit contains 5-32 live cells and 9-48 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          6,
          27,
          49
        ],
        "verificationFacts": {
          "kind": "spaceship",
          "transient": 6,
          "period": 43,
          "translation": [
            -6,
            3
          ],
          "liveRange": [
            5,
            32
          ],
          "activeRange": [
            9,
            48
          ],
          "unionSize": 101,
          "unionComponents": [
            101
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "S1": 130,
            "S3": 156,
            "B2": 213,
            "S4": 98,
            "B4": 21,
            "S5": 34,
            "B5": 4,
            "B6": 4
          },
          "phaseStatesSha256": "2248a4af5213f101ea0bddc8380fe84d77a6fe06a5450e344a7094e44ed71941",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 35,
          "maximumSupportGeneration": 36
        },
        "provenanceConcern": "Campaign n5, enumerated seed n5s19, recorded trial 525071. Five live cells settle after six generations into a period-43 spaceship translating (-6,3). This is a finite launch, not a periodically emitting gun. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hex-exhaustive-evidence.json",
          "research/exhaustive-search/hex/campaigns.json",
          "research/exhaustive-search/hex/search.cpp",
          "test-hex-exhaustive-evidence.js"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a fixed coordinate frame for seed and translated return, or explicitly label any independently recentered panels. Include all refractory states.",
        "seedType": "Initial launch seed; the recurrent spaceship begins only after the stated transient."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b2456s1345-c4-five-cell-launcher",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2456/S1345",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24771,
            1
          ],
          [
            25027,
            1
          ],
          [
            25282,
            1
          ],
          [
            25537,
            1
          ],
          [
            25790,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              0,
              3,
              1
            ],
            [
              1,
              2,
              1
            ],
            [
              2,
              1,
              1
            ],
            [
              3,
              1,
              1
            ],
            [
              4,
              0,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 49,
          "minimumNonzero": 5,
          "maximumNonzero": 48,
          "minimumLive": 5,
          "maximumLive": 32,
          "minimumBoundaryDistance": 118,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 5,
          "live": 5,
          "stateCounts": [
            49532,
            5,
            0,
            0
          ],
          "minimumBoundaryDistance": 124,
          "nonzeroCentroid": [
            4.676537132263183,
            2.1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4223a983e918c2855c987a308fd3993e51e8b9192cfbbbddec575216760b15f6",
          "bounds": [
            -2.220446049250313e-16,
            -2.5,
            9.52627944946289,
            7
          ]
        },
        {
          "t": 6,
          "active": 18,
          "live": 11,
          "stateCounts": [
            49519,
            11,
            0,
            7
          ],
          "minimumBoundaryDistance": 122,
          "nonzeroCentroid": [
            2.3094010518656836,
            3.6666666666666665
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9874cfd13ca43e2bc9c2f320c15ba1685e927ef72b13f1f9638acfdcbc83e7be",
          "bounds": [
            -4.330127239227295,
            -2.5,
            8.66025447845459,
            11.5
          ]
        },
        {
          "t": 49,
          "active": 18,
          "live": 11,
          "stateCounts": [
            49519,
            11,
            0,
            7
          ],
          "minimumBoundaryDistance": 119,
          "nonzeroCentroid": [
            -5.484827571445042,
            8.166666666666666
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "f5c41ab48d1f318011ca495831895c6a97bddc81b885eb05e391574036f54884",
          "bounds": [
            -12.12435531616211,
            2,
            0.8660253882408142,
            16
          ]
        }
      ]
    },
    {
      "id": "hex-b23s13-c4-p9-knightship-launcher",
      "category": "Hexagonal travellers",
      "title": "Hexagonal six-cell p9 knightship launcher",
      "summary": "Six live cells launch a spaceship travelling between the standard hexagonal axes and diagonals. The exact four-state cycle shifts by axial (5,-4) every nine generations.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B23/S13",
      "generations": 4,
      "borderRings": 1,
      "speed": 4,
      "coordinateStates": [
        [
          0,
          0,
          1
        ],
        [
          0,
          2,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          1,
          2,
          1
        ],
        [
          2,
          1,
          1
        ]
      ],
      "expectedTravel": {
        "steps": 120,
        "minimumDisplacement": 101.306,
        "minimumDirectionality": 0.811,
        "maximumRadius": 11.288,
        "minimumActive": 6,
        "maximumActive": 33,
        "minimumLive": 6,
        "maximumLive": 15,
        "minimumBoundaryDistance": 61,
        "connectedThroughout": false,
        "expectedRuleClauses": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 581,
            "lastToGeneration": 120
          },
          {
            "kind": "birth",
            "liveNeighbors": 3,
            "count": 179,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 1,
            "count": 334,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 3,
            "count": 208,
            "lastToGeneration": 120
          }
        ],
        "translatedReturn": {
          "fromGeneration": 16,
          "toGeneration": 25,
          "dx": 5.1961523691813145,
          "dy": -6,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          884841413,
          1339690346
        ],
        "finalCellStates": [
          [
            38564,
            3
          ],
          [
            38566,
            3
          ],
          [
            38567,
            1
          ],
          [
            38762,
            1
          ],
          [
            38763,
            1
          ],
          [
            38764,
            3
          ],
          [
            38953,
            1
          ],
          [
            38956,
            3
          ],
          [
            38957,
            3
          ],
          [
            39146,
            2
          ],
          [
            39147,
            2
          ],
          [
            39148,
            1
          ],
          [
            39149,
            2
          ],
          [
            39150,
            3
          ],
          [
            39151,
            2
          ],
          [
            39152,
            3
          ],
          [
            39153,
            3
          ],
          [
            39338,
            1
          ],
          [
            39339,
            1
          ],
          [
            39341,
            2
          ],
          [
            39342,
            1
          ],
          [
            39345,
            3
          ],
          [
            39346,
            2
          ],
          [
            39530,
            1
          ],
          [
            39531,
            2
          ],
          [
            39532,
            1
          ],
          [
            39533,
            1
          ],
          [
            39534,
            1
          ],
          [
            39535,
            3
          ],
          [
            39536,
            2
          ],
          [
            39537,
            1
          ],
          [
            39722,
            1
          ],
          [
            39723,
            1
          ]
        ]
      },
      "view": {
        "mode": "trajectory",
        "bounds": [
          -2.598076105117798,
          -25,
          22.516660690307617,
          10
        ],
        "steps": 34,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s bounded exhaustive search; discovery priority has not been established.",
        "note": "Campaign n6, enumerated seed n6s14, recorded trial 1407298. Six live cells settle after sixteen generations into a period-9 spaceship translating (5,-4). Its oblique heading is outside the edge-axis and angle-bisector directions; this does not establish a first such hexagonal spaceship. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hex-exhaustive-evidence.json",
          "research/exhaustive-search/hex/campaigns.json",
          "research/exhaustive-search/hex/search.cpp",
          "test-hex-exhaustive-evidence.js"
        ]
      },
      "catalogueCode": "X07",
      "ruleId": "R35",
      "cataloguePage": 64,
      "measurementText": "Least period p = 9; transient = 16; axial shift = (5, -4); cycle L = 7-15; cycle N = 15-33; 120-step replay minimum boundary distance = 61.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b23s13-c4-p9-knightship-launcher",
        "title": "Hexagonal six-cell p9 knightship launcher",
        "status": "package-found",
        "rule": "B23/S13",
        "states": 4,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            0,
            0,
            1
          ],
          [
            0,
            2,
            1
          ],
          [
            1,
            0,
            1
          ],
          [
            1,
            1,
            1
          ],
          [
            1,
            2,
            1
          ],
          [
            2,
            1,
            1
          ]
        ],
        "preciseClaim": "The complete 4-state configuration has least translated period 9, with axial displacement (5, -4), after a 16-generation transient. Its recurrent orbit contains 7-15 live cells and 15-33 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.",
          "The term knightship identifies an oblique displacement outside the hexagonal axes and their bisectors; it does not imply that oblique hexagonal spaceships are historically new."
        ],
        "suggestedIllustrationGenerations": [
          0,
          16,
          20,
          25
        ],
        "verificationFacts": {
          "kind": "spaceship",
          "transient": 16,
          "period": 9,
          "translation": [
            5,
            -4
          ],
          "liveRange": [
            7,
            15
          ],
          "activeRange": [
            15,
            33
          ],
          "unionSize": 57,
          "unionComponents": [
            57
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "S1": 25,
            "S3": 16,
            "B3": 14,
            "B2": 43
          },
          "phaseStatesSha256": "f9d11a9fb1a6c02ce9d0fdc4e302c6bc2ea24df6852981ffec2b13a1005eb1af",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 21,
          "maximumSupportGeneration": 21
        },
        "provenanceConcern": "Campaign n6, enumerated seed n6s14, recorded trial 1407298. Six live cells settle after sixteen generations into a period-9 spaceship translating (5,-4). Its oblique heading is outside the edge-axis and angle-bisector directions; this does not establish a first such hexagonal spaceship. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hex-exhaustive-evidence.json",
          "research/exhaustive-search/hex/campaigns.json",
          "research/exhaustive-search/hex/search.cpp",
          "test-hex-exhaustive-evidence.js"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a fixed coordinate frame for seed and translated return, or explicitly label any independently recentered panels. Include all refractory states.",
        "seedType": "Initial launch seed; the recurrent spaceship begins only after the stated transient."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b23s13-c4-p9-knightship-launcher",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B23/S13",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24768,
            1
          ],
          [
            24770,
            1
          ],
          [
            25025,
            1
          ],
          [
            25026,
            1
          ],
          [
            25027,
            1
          ],
          [
            25282,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              0,
              0,
              1
            ],
            [
              0,
              2,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              1,
              2,
              1
            ],
            [
              2,
              1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 25,
          "minimumNonzero": 6,
          "maximumNonzero": 33,
          "minimumLive": 6,
          "maximumLive": 15,
          "minimumBoundaryDistance": 113,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 6,
          "live": 6,
          "stateCounts": [
            49531,
            6,
            0,
            0
          ],
          "minimumBoundaryDistance": 125,
          "nonzeroCentroid": [
            2.3094010750452676,
            1.5
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "eb7162e220f45af23cdc34200aecfa6c044266445ca5689fc795057232c1793b",
          "bounds": [
            -2.598076105117798,
            -2.5,
            6.928203105926514,
            5.5
          ]
        },
        {
          "t": 16,
          "active": 15,
          "live": 9,
          "stateCounts": [
            49522,
            9,
            3,
            3
          ],
          "minimumBoundaryDistance": 118,
          "nonzeroCentroid": [
            8.487048975626628,
            -9.1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "3d06e293250390c4d783c3807a70f9346db6ae1522c8d644f723d1b428baa6d7",
          "bounds": [
            1.7320507764816284,
            -14.5,
            13.856406211853027,
            -3.5
          ]
        },
        {
          "t": 25,
          "active": 15,
          "live": 9,
          "stateCounts": [
            49522,
            9,
            3,
            3
          ],
          "minimumBoundaryDistance": 113,
          "nonzeroCentroid": [
            13.683201344807943,
            -15.1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b54cc6d275a70e2b1b2403b4fe704b28aac3ce4fd3a549abfd66b7f6bdcaad8e",
          "bounds": [
            6.928203105926514,
            -20.5,
            19.05255889892578,
            -9.5
          ]
        }
      ]
    },
    {
      "id": "hex-b234s245-c5-p10-knightship-launcher",
      "category": "Hexagonal travellers",
      "title": "Hexagonal six-cell p10 knightship launcher",
      "summary": "Six live cells launch a second oblique spaceship: its complete five-state shape repeats with axial shift (1,2) every ten generations, rather than following a hexagonal axis or diagonal.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B234/S245",
      "generations": 5,
      "borderRings": 1,
      "speed": 4,
      "coordinateStates": [
        [
          0,
          3,
          1
        ],
        [
          1,
          2,
          1
        ],
        [
          2,
          1,
          1
        ],
        [
          3,
          1,
          1
        ],
        [
          4,
          0,
          1
        ],
        [
          5,
          0,
          1
        ]
      ],
      "expectedTravel": {
        "steps": 120,
        "minimumDisplacement": 54.116,
        "minimumDirectionality": 0.425,
        "maximumRadius": 12.705,
        "minimumActive": 6,
        "maximumActive": 58,
        "minimumLive": 6,
        "maximumLive": 24,
        "minimumBoundaryDistance": 85,
        "connectedThroughout": false,
        "expectedRuleClauses": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 722,
            "lastToGeneration": 120
          },
          {
            "kind": "birth",
            "liveNeighbors": 3,
            "count": 246,
            "lastToGeneration": 120
          },
          {
            "kind": "birth",
            "liveNeighbors": 4,
            "count": 11,
            "lastToGeneration": 111
          },
          {
            "kind": "survival",
            "liveNeighbors": 2,
            "count": 629,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 95,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 5,
            "count": 4,
            "lastToGeneration": 3
          }
        ],
        "translatedReturn": {
          "fromGeneration": 12,
          "toGeneration": 22,
          "dx": 3.464101642370224,
          "dy": 3,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          4282980425,
          1911281688
        ],
        "finalCellStates": [
          [
            28055,
            1
          ],
          [
            28056,
            1
          ],
          [
            28297,
            1
          ],
          [
            28298,
            1
          ],
          [
            28299,
            2
          ],
          [
            28300,
            1
          ],
          [
            28540,
            1
          ],
          [
            28541,
            3
          ],
          [
            28542,
            1
          ],
          [
            28543,
            1
          ],
          [
            28781,
            1
          ],
          [
            28782,
            2
          ],
          [
            28783,
            4
          ],
          [
            28785,
            1
          ],
          [
            28786,
            4
          ],
          [
            29022,
            1
          ],
          [
            29023,
            2
          ],
          [
            29024,
            3
          ],
          [
            29025,
            1
          ],
          [
            29026,
            2
          ],
          [
            29262,
            1
          ],
          [
            29263,
            1
          ],
          [
            29264,
            2
          ],
          [
            29265,
            2
          ],
          [
            29266,
            1
          ],
          [
            29502,
            1
          ],
          [
            29503,
            1
          ]
        ]
      },
      "view": {
        "mode": "trajectory",
        "bounds": [
          -0.8660253882408142,
          -5.5,
          24.24871063232422,
          14.5
        ],
        "steps": 32,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s bounded exhaustive search; discovery priority has not been established.",
        "note": "Campaign n6, enumerated seed n6s78, recorded trial 2166518. Six live cells settle after twelve generations into a period-10 spaceship translating (1,2). Survival clause S5 acts during the launch, although inactive in the eventual orbit; removing it before launch destroys the example. This is a finite launch, not a gun. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hex-exhaustive-evidence.json",
          "research/exhaustive-search/hex/campaigns.json",
          "research/exhaustive-search/hex/search.cpp",
          "test-hex-exhaustive-evidence.js"
        ]
      },
      "catalogueCode": "X08",
      "ruleId": "R40",
      "cataloguePage": 65,
      "measurementText": "Least period p = 10; transient = 12; axial shift = (1, 2); cycle L = 7-24; cycle N = 22-58; 120-step replay minimum boundary distance = 85.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b234s245-c5-p10-knightship-launcher",
        "title": "Hexagonal six-cell p10 knightship launcher",
        "status": "package-found",
        "rule": "B234/S245",
        "states": 5,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            0,
            3,
            1
          ],
          [
            1,
            2,
            1
          ],
          [
            2,
            1,
            1
          ],
          [
            3,
            1,
            1
          ],
          [
            4,
            0,
            1
          ],
          [
            5,
            0,
            1
          ]
        ],
        "preciseClaim": "The complete 5-state configuration has least translated period 10, with axial displacement (1, 2), after a 12-generation transient. Its recurrent orbit contains 7-24 live cells and 22-58 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice.",
          "S5 is essential during launch although inactive in the eventual cycle. Removing S5 before ignition destroys this example.",
          "The term knightship identifies an oblique displacement outside the hexagonal axes and their bisectors; it does not imply that oblique hexagonal spaceships are historically new."
        ],
        "suggestedIllustrationGenerations": [
          0,
          12,
          17,
          22
        ],
        "verificationFacts": {
          "kind": "spaceship",
          "transient": 12,
          "period": 10,
          "translation": [
            1,
            2
          ],
          "liveRange": [
            7,
            24
          ],
          "activeRange": [
            22,
            58
          ],
          "unionSize": 91,
          "unionComponents": [
            91
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "S2": 53,
            "S4": 8,
            "B2": 62,
            "B3": 21,
            "B4": 1
          },
          "phaseStatesSha256": "a4500772df3e409fab3e13c1648ff69374e2fa911e537c745f1e0afee788ccf8",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 12,
          "maximumSupportGeneration": 14
        },
        "provenanceConcern": "Campaign n6, enumerated seed n6s78, recorded trial 2166518. Six live cells settle after twelve generations into a period-10 spaceship translating (1,2). Survival clause S5 acts during the launch, although inactive in the eventual orbit; removing it before launch destroys the example. This is a finite launch, not a gun. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hex-exhaustive-evidence.json",
          "research/exhaustive-search/hex/campaigns.json",
          "research/exhaustive-search/hex/search.cpp",
          "test-hex-exhaustive-evidence.js"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a fixed coordinate frame for seed and translated return, or explicitly label any independently recentered panels. Include all refractory states.",
        "seedType": "Initial launch seed; the recurrent spaceship begins only after the stated transient."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b234s245-c5-p10-knightship-launcher",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B234/S245",
        "states": 5,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24771,
            1
          ],
          [
            25027,
            1
          ],
          [
            25282,
            1
          ],
          [
            25537,
            1
          ],
          [
            25790,
            1
          ],
          [
            26043,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              0,
              3,
              1
            ],
            [
              1,
              2,
              1
            ],
            [
              2,
              1,
              1
            ],
            [
              3,
              1,
              1
            ],
            [
              4,
              0,
              1
            ],
            [
              5,
              0,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 22,
          "minimumNonzero": 6,
          "maximumNonzero": 58,
          "minimumLive": 6,
          "maximumLive": 24,
          "minimumBoundaryDistance": 115,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 6,
          "live": 6,
          "stateCounts": [
            49531,
            6,
            0,
            0,
            0
          ],
          "minimumBoundaryDistance": 123,
          "nonzeroCentroid": [
            5.340490023295085,
            1.75
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "99c54893264a8dfd4d9af6faa212325fc9205e63deaf13d93e75bb12b41d7731",
          "bounds": [
            -2.220446049250313e-16,
            -2.5,
            11.258330345153809,
            7
          ]
        },
        {
          "t": 12,
          "active": 48,
          "live": 24,
          "stateCounts": [
            49489,
            24,
            11,
            7,
            6
          ],
          "minimumBoundaryDistance": 118,
          "nonzeroCentroid": [
            9.544321606556574,
            1.71875
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "f1136eb5d7afe660bb6b66a11223bb0f154c38b2363a35efa9662b7a4022df50",
          "bounds": [
            0.8660253882408142,
            -7,
            19.05255889892578,
            10
          ]
        },
        {
          "t": 22,
          "active": 48,
          "live": 24,
          "stateCounts": [
            49489,
            24,
            11,
            7,
            6
          ],
          "minimumBoundaryDistance": 115,
          "nonzeroCentroid": [
            13.008423248926798,
            4.71875
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "3342d7282c0602f9df40ac7a2cf609ce72602586b13ea1f50cf9088e0e18c8a5",
          "bounds": [
            4.330127239227295,
            -4,
            22.516660690307617,
            13
          ]
        }
      ]
    },
    {
      "id": "hex-conway-p2",
      "category": "Hexagonal benchmarks",
      "title": "Hexagonal Conway p2",
      "summary": "A compact period-2 oscillator under B3/S23 on the six-neighbour honeycomb.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 4,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "coordinateStates": [
        [
          -1,
          0,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          1,
          -1,
          1
        ]
      ],
      "expectedPeriod": 2,
      "provenance": {
        "status": "package-found",
        "credit": "Independently found by this package’s soup search; earlier discovery priority has not been established.",
        "note": "Recovered campaign provenance: deterministic soup seed hex-conway-v31-2, B3/S23 with six edge neighbours, hexagonal depth 32, density 0.12, transient 6, period 2. The archived soup campaign covered indices 0–4,999 and used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms the curated pattern. The old campaign archive was examined in the handover workspace; it is not part of the fresh release. “Conway” describes the birth/survival rule notation and is not a claim that John Conway discovered this hexagonal pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/mine-oscillators.js",
          "discoveries.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js"
        ]
      },
      "catalogueCode": "X09",
      "ruleId": "R53",
      "cataloguePage": 66,
      "measurementText": "Least period p = 2; transient = 0; cycle L = 4-4; cycle minimum boundary distance = 31.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-conway-p2",
        "title": "Hexagonal Conway p2",
        "status": "package-found",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -1,
            0,
            1
          ],
          [
            0,
            0,
            1
          ],
          [
            0,
            1,
            1
          ],
          [
            1,
            -1,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 2, with 4-4 live cells and 4-4 nonzero cells. Its full cycle visits 7 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          0,
          1,
          2
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 2,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            4,
            4
          ],
          "activeRange": [
            4,
            4
          ],
          "unionSize": 7,
          "unionComponents": [
            7
          ],
          "perCellPeriods": {
            "1": 1,
            "2": 6
          },
          "ruleClauses": {
            "S3": 2,
            "B3": 6
          },
          "phaseStatesSha256": "2768126fa0c7132b21113a37215a74671d097bec76d5f47f129107ba34e40a72",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": {
            "interval": 1,
            "rotation60Steps": 1,
            "translation": [
              0,
              0
            ],
            "centreAxial": [
              [
                0,
                1
              ],
              [
                0,
                1
              ]
            ],
            "verifiedPhases": 2
          },
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 0,
          "maximumSupportGeneration": 0
        },
        "provenanceConcern": "Recovered campaign provenance: deterministic soup seed hex-conway-v31-2, B3/S23 with six edge neighbours, hexagonal depth 32, density 0.12, transient 6, period 2. The archived soup campaign covered indices 0–4,999 and used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms the curated pattern. The old campaign archive was examined in the handover workspace; it is not part of the fresh release. “Conway” describes the birth/survival rule notation and is not a claim that John Conway discovered this hexagonal pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/mine-oscillators.js",
          "discoveries.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-conway-p2",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1519,
            1
          ],
          [
            1584,
            1
          ],
          [
            1585,
            1
          ],
          [
            1648,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -1,
              0,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              1,
              -1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 2,
          "minimumNonzero": 4,
          "maximumNonzero": 4,
          "minimumLive": 4,
          "maximumLive": 4,
          "minimumBoundaryDistance": 31,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 4,
          "live": 4,
          "stateCounts": [
            3165,
            4
          ],
          "minimumBoundaryDistance": 31,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "925e89a5b281e61d8d5f6c12070411c2c1f71febced1d0fa73e53d585b006a04",
          "bounds": [
            -4.330127239227295,
            -4,
            3.464101552963257,
            4
          ]
        },
        {
          "t": 1,
          "active": 4,
          "live": 4,
          "stateCounts": [
            3165,
            4
          ],
          "minimumBoundaryDistance": 31,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "e84a6c22e56f5d0f5dbb8880c0dd908b5a9cee2a0d71b4e66fe9ab3fd3f582fe",
          "bounds": [
            -3.464101552963257,
            -4,
            4.330127239227295,
            4
          ]
        },
        {
          "t": 2,
          "active": 4,
          "live": 4,
          "stateCounts": [
            3165,
            4
          ],
          "minimumBoundaryDistance": 31,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "925e89a5b281e61d8d5f6c12070411c2c1f71febced1d0fa73e53d585b006a04",
          "bounds": [
            -4.330127239227295,
            -4,
            3.464101552963257,
            4
          ]
        }
      ]
    },
    {
      "id": "hex-conway-p3",
      "category": "Hexagonal benchmarks",
      "title": "Hexagonal Conway p3",
      "summary": "An isolated period-3 B3/S23 oscillator extracted from a deterministic hexagonal soup.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 5,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "coordinateStates": [
        [
          0,
          0,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          0,
          2,
          1
        ],
        [
          0,
          3,
          1
        ],
        [
          0,
          4,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          1,
          4,
          1
        ],
        [
          2,
          1,
          1
        ],
        [
          2,
          3,
          1
        ],
        [
          3,
          1,
          1
        ],
        [
          3,
          3,
          1
        ],
        [
          3,
          4,
          1
        ],
        [
          4,
          1,
          1
        ],
        [
          4,
          2,
          1
        ],
        [
          4,
          4,
          1
        ],
        [
          5,
          1,
          1
        ],
        [
          5,
          3,
          1
        ],
        [
          6,
          1,
          1
        ],
        [
          6,
          2,
          1
        ]
      ],
      "expectedPeriod": 3,
      "provenance": {
        "status": "package-found",
        "credit": "Independently found by this package’s soup search; earlier discovery priority has not been established.",
        "note": "Recovered campaign provenance: deterministic soup seed hex-conway-v31-3851, B3/S23 with six edge neighbours, hexagonal depth 32, density 0.35, transient 28, period 3. The archived soup campaign covered indices 0–4,999 and used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms the curated pattern. The old campaign archive was examined in the handover workspace; it is not part of the fresh release. “Conway” describes the birth/survival rule notation and is not a claim that John Conway discovered this hexagonal pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/mine-oscillators.js",
          "discoveries.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js"
        ]
      },
      "catalogueCode": "X10",
      "ruleId": "R53",
      "cataloguePage": 67,
      "measurementText": "Least period p = 3; transient = 0; cycle L = 19-21; cycle minimum boundary distance = 24.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-conway-p3",
        "title": "Hexagonal Conway p3",
        "status": "package-found",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            0,
            0,
            1
          ],
          [
            0,
            1,
            1
          ],
          [
            0,
            2,
            1
          ],
          [
            0,
            3,
            1
          ],
          [
            0,
            4,
            1
          ],
          [
            1,
            0,
            1
          ],
          [
            1,
            4,
            1
          ],
          [
            2,
            1,
            1
          ],
          [
            2,
            3,
            1
          ],
          [
            3,
            1,
            1
          ],
          [
            3,
            3,
            1
          ],
          [
            3,
            4,
            1
          ],
          [
            4,
            1,
            1
          ],
          [
            4,
            2,
            1
          ],
          [
            4,
            4,
            1
          ],
          [
            5,
            1,
            1
          ],
          [
            5,
            3,
            1
          ],
          [
            6,
            1,
            1
          ],
          [
            6,
            2,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 3, with 19-21 live cells and 19-21 nonzero cells. Its full cycle visits 21 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          0,
          1,
          3
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 3,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            19,
            21
          ],
          "activeRange": [
            19,
            21
          ],
          "unionSize": 21,
          "unionComponents": [
            21
          ],
          "perCellPeriods": {
            "1": 18,
            "3": 3
          },
          "ruleClauses": {
            "S2": 32,
            "S3": 25,
            "B3": 3
          },
          "phaseStatesSha256": "818f7036838dbf0cf5009416b1e767259c9b71973250709b231dad9fd583dd3b",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 2,
          "maximumSupportGeneration": 2
        },
        "provenanceConcern": "Recovered campaign provenance: deterministic soup seed hex-conway-v31-3851, B3/S23 with six edge neighbours, hexagonal depth 32, density 0.35, transient 28, period 3. The archived soup campaign covered indices 0–4,999 and used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms the curated pattern. The old campaign archive was examined in the handover workspace; it is not part of the fresh release. “Conway” describes the birth/survival rule notation and is not a claim that John Conway discovered this hexagonal pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/mine-oscillators.js",
          "discoveries.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-conway-p3",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1584,
            1
          ],
          [
            1585,
            1
          ],
          [
            1586,
            1
          ],
          [
            1587,
            1
          ],
          [
            1588,
            1
          ],
          [
            1649,
            1
          ],
          [
            1653,
            1
          ],
          [
            1714,
            1
          ],
          [
            1716,
            1
          ],
          [
            1777,
            1
          ],
          [
            1779,
            1
          ],
          [
            1780,
            1
          ],
          [
            1839,
            1
          ],
          [
            1840,
            1
          ],
          [
            1842,
            1
          ],
          [
            1900,
            1
          ],
          [
            1902,
            1
          ],
          [
            1960,
            1
          ],
          [
            1961,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              0,
              0,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              0,
              2,
              1
            ],
            [
              0,
              3,
              1
            ],
            [
              0,
              4,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              1,
              4,
              1
            ],
            [
              2,
              1,
              1
            ],
            [
              2,
              3,
              1
            ],
            [
              3,
              1,
              1
            ],
            [
              3,
              3,
              1
            ],
            [
              3,
              4,
              1
            ],
            [
              4,
              1,
              1
            ],
            [
              4,
              2,
              1
            ],
            [
              4,
              4,
              1
            ],
            [
              5,
              1,
              1
            ],
            [
              5,
              3,
              1
            ],
            [
              6,
              1,
              1
            ],
            [
              6,
              2,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 2,
          "minimumNonzero": 19,
          "maximumNonzero": 21,
          "minimumLive": 19,
          "maximumLive": 21,
          "minimumBoundaryDistance": 24,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 19,
          "live": 19,
          "stateCounts": [
            3150,
            19
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            6.290079226619319,
            3.1578947368421053
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "64f1f03095e9fdb824ca8c488c812164983530124b4df31606f8e7b97836e485",
          "bounds": [
            -2.598076105117798,
            -2.5,
            14.722432136535645,
            8.5
          ]
        },
        {
          "t": 1,
          "active": 20,
          "live": 20,
          "stateCounts": [
            3149,
            20
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            6.1920815914869305,
            3.225
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "f09f6e0e7d806037778d8872979ba52aa8bdc9ca8141426576da2f3fa5499fe6",
          "bounds": [
            -2.598076105117798,
            -2.5,
            14.722432136535645,
            8.5
          ]
        },
        {
          "t": 2,
          "active": 21,
          "live": 21,
          "stateCounts": [
            3148,
            21
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            6.103417098522186,
            3.142857142857143
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9d9592a718a76e4fc8a6a80000f412d08260e39597cfead64ba3159e681a8b57",
          "bounds": [
            -2.598076105117798,
            -2.5,
            14.722432136535645,
            8.5
          ]
        }
      ]
    },
    {
      "id": "hex-conway-p6",
      "category": "Hexagonal benchmarks",
      "title": "Hexagonal Conway p6",
      "summary": "A larger isolated B3/S23 honeycomb oscillator with exact period 6.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "coordinateStates": [
        [
          0,
          -2,
          1
        ],
        [
          0,
          -1,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          1,
          -4,
          1
        ],
        [
          1,
          -3,
          1
        ],
        [
          1,
          -2,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          2,
          -5,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          3,
          -6,
          1
        ],
        [
          3,
          -4,
          1
        ],
        [
          3,
          -3,
          1
        ],
        [
          3,
          -2,
          1
        ],
        [
          4,
          -7,
          1
        ],
        [
          4,
          -6,
          1
        ],
        [
          4,
          -5,
          1
        ],
        [
          4,
          -4,
          1
        ],
        [
          5,
          -8,
          1
        ],
        [
          6,
          -9,
          1
        ],
        [
          6,
          -8,
          1
        ],
        [
          7,
          -9,
          1
        ]
      ],
      "expectedPeriod": 6,
      "provenance": {
        "status": "package-found",
        "credit": "Independently found by this package’s soup search; earlier discovery priority has not been established.",
        "note": "Recovered campaign provenance: deterministic soup seed hex-conway-v31-2813, B3/S23 with six edge neighbours, hexagonal depth 32, density 0.35, transient 39, period 6. The archived soup campaign covered indices 0–4,999 and used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms the curated pattern. The old campaign archive was examined in the handover workspace; it is not part of the fresh release. “Conway” describes the birth/survival rule notation and is not a claim that John Conway discovered this hexagonal pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/mine-oscillators.js",
          "discoveries.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js"
        ]
      },
      "catalogueCode": "X11",
      "ruleId": "R53",
      "cataloguePage": 68,
      "measurementText": "Least period p = 6; transient = 0; cycle L = 19-23; cycle minimum boundary distance = 23.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-conway-p6",
        "title": "Hexagonal Conway p6",
        "status": "package-found",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            0,
            -2,
            1
          ],
          [
            0,
            -1,
            1
          ],
          [
            0,
            0,
            1
          ],
          [
            1,
            -4,
            1
          ],
          [
            1,
            -3,
            1
          ],
          [
            1,
            -2,
            1
          ],
          [
            1,
            0,
            1
          ],
          [
            2,
            -5,
            1
          ],
          [
            2,
            -1,
            1
          ],
          [
            3,
            -6,
            1
          ],
          [
            3,
            -4,
            1
          ],
          [
            3,
            -3,
            1
          ],
          [
            3,
            -2,
            1
          ],
          [
            4,
            -7,
            1
          ],
          [
            4,
            -6,
            1
          ],
          [
            4,
            -5,
            1
          ],
          [
            4,
            -4,
            1
          ],
          [
            5,
            -8,
            1
          ],
          [
            6,
            -9,
            1
          ],
          [
            6,
            -8,
            1
          ],
          [
            7,
            -9,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 6, with 19-23 live cells and 19-23 nonzero cells. Its full cycle visits 25 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          1,
          3,
          6
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 6,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            19,
            23
          ],
          "activeRange": [
            19,
            23
          ],
          "unionSize": 25,
          "unionComponents": [
            25
          ],
          "perCellPeriods": {
            "1": 13,
            "3": 4,
            "6": 8
          },
          "ruleClauses": {
            "S3": 68,
            "S2": 42,
            "B3": 16
          },
          "phaseStatesSha256": "80199071cbc4eaddb1ac67c3664fff9e49cea287662393b1a27bb7b05c055c8d",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 1,
          "maximumSupportGeneration": 1
        },
        "provenanceConcern": "Recovered campaign provenance: deterministic soup seed hex-conway-v31-2813, B3/S23 with six edge neighbours, hexagonal depth 32, density 0.35, transient 39, period 6. The archived soup campaign covered indices 0–4,999 and used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms the curated pattern. The old campaign archive was examined in the handover workspace; it is not part of the fresh release. “Conway” describes the birth/survival rule notation and is not a claim that John Conway discovered this hexagonal pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/mine-oscillators.js",
          "discoveries.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-conway-p6",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1582,
            1
          ],
          [
            1583,
            1
          ],
          [
            1584,
            1
          ],
          [
            1645,
            1
          ],
          [
            1646,
            1
          ],
          [
            1647,
            1
          ],
          [
            1649,
            1
          ],
          [
            1708,
            1
          ],
          [
            1712,
            1
          ],
          [
            1770,
            1
          ],
          [
            1772,
            1
          ],
          [
            1773,
            1
          ],
          [
            1774,
            1
          ],
          [
            1831,
            1
          ],
          [
            1832,
            1
          ],
          [
            1833,
            1
          ],
          [
            1834,
            1
          ],
          [
            1891,
            1
          ],
          [
            1950,
            1
          ],
          [
            1951,
            1
          ],
          [
            2009,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              0,
              -2,
              1
            ],
            [
              0,
              -1,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              1,
              -4,
              1
            ],
            [
              1,
              -3,
              1
            ],
            [
              1,
              -2,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              2,
              -5,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              3,
              -6,
              1
            ],
            [
              3,
              -4,
              1
            ],
            [
              3,
              -3,
              1
            ],
            [
              3,
              -2,
              1
            ],
            [
              4,
              -7,
              1
            ],
            [
              4,
              -6,
              1
            ],
            [
              4,
              -5,
              1
            ],
            [
              4,
              -4,
              1
            ],
            [
              5,
              -8,
              1
            ],
            [
              6,
              -9,
              1
            ],
            [
              6,
              -8,
              1
            ],
            [
              7,
              -9,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 3,
          "minimumNonzero": 19,
          "maximumNonzero": 23,
          "minimumLive": 19,
          "maximumLive": 23,
          "minimumBoundaryDistance": 23,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 21,
          "live": 21,
          "stateCounts": [
            3148,
            21
          ],
          "minimumBoundaryDistance": 23,
          "nonzeroCentroid": [
            1.278418433098566,
            -6.357142857142857
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "5593798a31b8cb8d8adac2ad37d880ab8a5c36231aa0cb1302d999b371ff8b1d",
          "bounds": [
            -4.330127239227295,
            -16,
            6.928203105926514,
            2.5
          ]
        },
        {
          "t": 1,
          "active": 23,
          "live": 23,
          "stateCounts": [
            3146,
            23
          ],
          "minimumBoundaryDistance": 23,
          "nonzeroCentroid": [
            1.2425581838773645,
            -6.195652173913044
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "52d1e4c3f45178275ae8316adcebb7b680602717bd48f57c6ab008e0ebd8cebb",
          "bounds": [
            -5.196152210235596,
            -16,
            6.928203105926514,
            2.5
          ]
        },
        {
          "t": 3,
          "active": 21,
          "live": 21,
          "stateCounts": [
            3148,
            21
          ],
          "minimumBoundaryDistance": 23,
          "nonzeroCentroid": [
            1.278418433098566,
            -6.357142857142857
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "7538e1dc7659d702ea6db4b26e20d870da94906cd00dfb3a7782940e466f346d",
          "bounds": [
            -4.330127239227295,
            -16,
            6.928203105926514,
            2.5
          ]
        }
      ]
    },
    {
      "id": "hex-conway-p4",
      "category": "Hexagonal oscillators and rotors",
      "title": "Hexagonal Conway p4 half-turn rotor",
      "summary": "A 14-cell phase turns through 180 degrees after two generations and returns exactly after four under the six-neighbour B3/S23 rule.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 4,
      "coordinateStates": [
        [
          -1,
          -2,
          1
        ],
        [
          0,
          -2,
          1
        ],
        [
          1,
          -2,
          1
        ],
        [
          -1,
          -1,
          1
        ],
        [
          1,
          -1,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          1,
          2,
          1
        ],
        [
          0,
          3,
          1
        ],
        [
          2,
          3,
          1
        ],
        [
          0,
          4,
          1
        ],
        [
          1,
          4,
          1
        ],
        [
          2,
          4,
          1
        ]
      ],
      "expectedPeriod": 4,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -4.330127239227295,
          -4,
          7.794228553771973,
          7
        ],
        "steps": 4,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s deterministic soup search; discovery priority has not been established.",
        "note": "Oscillator miner source seed 272632, radius 8, initial density 60%, soup transient 19; the displayed phase is offset 1 within the resulting orbit. The source fixture retains the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/oscillators/miner.cpp",
          "research/hex-search/oscillators/campaigns.json"
        ]
      },
      "catalogueCode": "X12",
      "ruleId": "R53",
      "cataloguePage": 69,
      "measurementText": "Least period p = 4; transient = 0; cycle L = 14-15; cycle minimum boundary distance = 26.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-conway-p4",
        "title": "Hexagonal Conway p4 half-turn rotor",
        "status": "package-found",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -1,
            -2,
            1
          ],
          [
            0,
            -2,
            1
          ],
          [
            1,
            -2,
            1
          ],
          [
            -1,
            -1,
            1
          ],
          [
            1,
            -1,
            1
          ],
          [
            0,
            0,
            1
          ],
          [
            1,
            0,
            1
          ],
          [
            0,
            1,
            1
          ],
          [
            1,
            2,
            1
          ],
          [
            0,
            3,
            1
          ],
          [
            2,
            3,
            1
          ],
          [
            0,
            4,
            1
          ],
          [
            1,
            4,
            1
          ],
          [
            2,
            4,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 4, with 14-15 live cells and 14-15 nonzero cells. Its full cycle visits 16 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          1,
          2,
          4
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 4,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            14,
            15
          ],
          "activeRange": [
            14,
            15
          ],
          "unionSize": 16,
          "unionComponents": [
            16
          ],
          "perCellPeriods": {
            "1": 10,
            "4": 6
          },
          "ruleClauses": {
            "S2": 30,
            "S3": 22,
            "B3": 6
          },
          "phaseStatesSha256": "5ecac9e62ebdd429734ab7542029ef4275b6912acc4039ea1ee7ba59cee9d391",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": {
            "interval": 2,
            "rotation60Steps": 3,
            "translation": [
              1,
              2
            ],
            "centreAxial": [
              [
                1,
                2
              ],
              [
                1,
                1
              ]
            ],
            "verifiedPhases": 4
          },
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 1,
          "maximumSupportGeneration": 1
        },
        "provenanceConcern": "Oscillator miner source seed 272632, radius 8, initial density 60%, soup transient 19; the displayed phase is offset 1 within the resulting orbit. The source fixture retains the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/oscillators/miner.cpp",
          "research/hex-search/oscillators/campaigns.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-conway-p4",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1517,
            1
          ],
          [
            1518,
            1
          ],
          [
            1582,
            1
          ],
          [
            1584,
            1
          ],
          [
            1585,
            1
          ],
          [
            1587,
            1
          ],
          [
            1588,
            1
          ],
          [
            1647,
            1
          ],
          [
            1648,
            1
          ],
          [
            1649,
            1
          ],
          [
            1651,
            1
          ],
          [
            1653,
            1
          ],
          [
            1716,
            1
          ],
          [
            1717,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -1,
              -2,
              1
            ],
            [
              0,
              -2,
              1
            ],
            [
              1,
              -2,
              1
            ],
            [
              -1,
              -1,
              1
            ],
            [
              1,
              -1,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              1,
              2,
              1
            ],
            [
              0,
              3,
              1
            ],
            [
              2,
              3,
              1
            ],
            [
              0,
              4,
              1
            ],
            [
              1,
              4,
              1
            ],
            [
              2,
              4,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 2,
          "minimumNonzero": 14,
          "maximumNonzero": 15,
          "minimumLive": 14,
          "maximumLive": 15,
          "minimumBoundaryDistance": 26,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 14,
          "live": 14,
          "stateCounts": [
            3155,
            14
          ],
          "minimumBoundaryDistance": 26,
          "nonzeroCentroid": [
            1.6701918074062891,
            1.3928571428571428
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "d31efd23c37d79b12c3c37c56258c83108d1093064bec731bfcaea30e7a63abd",
          "bounds": [
            -6.062177658081055,
            -5.5,
            9.52627944946289,
            8.5
          ]
        },
        {
          "t": 1,
          "active": 15,
          "live": 15,
          "stateCounts": [
            3154,
            15
          ],
          "minimumBoundaryDistance": 26,
          "nonzeroCentroid": [
            1.6165807088216146,
            1.4
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "c8856eae4cdd8dadb51fb047d6f11f6de8241ba7029a2c8d39c43195987ef62c",
          "bounds": [
            -6.062177658081055,
            -5.5,
            9.52627944946289,
            8.5
          ]
        },
        {
          "t": 2,
          "active": 14,
          "live": 14,
          "stateCounts": [
            3155,
            14
          ],
          "minimumBoundaryDistance": 26,
          "nonzeroCentroid": [
            1.7939097157546453,
            1.6071428571428572
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "7332b4ec2327aff24bea4afd86f81298b819d13fa96b1d0a60d2f1887e20d22a",
          "bounds": [
            -6.062177658081055,
            -5.5,
            9.52627944946289,
            8.5
          ]
        }
      ]
    },
    {
      "id": "hex-conway-p5",
      "category": "Hexagonal oscillators and rotors",
      "title": "Hexagonal Conway p5",
      "summary": "A compact B3/S23 oscillator with 14–16 live cells and an exact five-generation cycle.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 5,
      "coordinateStates": [
        [
          3,
          -4,
          1
        ],
        [
          2,
          -3,
          1
        ],
        [
          3,
          -3,
          1
        ],
        [
          1,
          -2,
          1
        ],
        [
          0,
          -1,
          1
        ],
        [
          1,
          -1,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          -2,
          1,
          1
        ],
        [
          -2,
          2,
          1
        ],
        [
          -2,
          3,
          1
        ],
        [
          -1,
          3,
          1
        ],
        [
          -1,
          4,
          1
        ],
        [
          -2,
          5,
          1
        ],
        [
          -1,
          5,
          1
        ]
      ],
      "expectedPeriod": 5,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -3.464101552963257,
          -7,
          3.464101552963257,
          8.5
        ],
        "steps": 5,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s deterministic soup search; discovery priority has not been established.",
        "note": "Oscillator miner source seed 1045970, radius 6, initial density 67%, soup transient 10; the displayed phase is offset 0 within the resulting orbit. The source fixture retains the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/oscillators/miner.cpp",
          "research/hex-search/oscillators/campaigns.json"
        ]
      },
      "catalogueCode": "X13",
      "ruleId": "R53",
      "cataloguePage": 70,
      "measurementText": "Least period p = 5; transient = 0; cycle L = 14-16; cycle minimum boundary distance = 27.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-conway-p5",
        "title": "Hexagonal Conway p5",
        "status": "package-found",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            3,
            -4,
            1
          ],
          [
            2,
            -3,
            1
          ],
          [
            3,
            -3,
            1
          ],
          [
            1,
            -2,
            1
          ],
          [
            0,
            -1,
            1
          ],
          [
            1,
            -1,
            1
          ],
          [
            1,
            0,
            1
          ],
          [
            -2,
            1,
            1
          ],
          [
            -2,
            2,
            1
          ],
          [
            -2,
            3,
            1
          ],
          [
            -1,
            3,
            1
          ],
          [
            -1,
            4,
            1
          ],
          [
            -2,
            5,
            1
          ],
          [
            -1,
            5,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 5, with 14-16 live cells and 14-16 nonzero cells. Its full cycle visits 19 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          1,
          2,
          5
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 5,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            14,
            16
          ],
          "activeRange": [
            14,
            16
          ],
          "unionSize": 19,
          "unionComponents": [
            19
          ],
          "perCellPeriods": {
            "1": 11,
            "5": 8
          },
          "ruleClauses": {
            "S2": 37,
            "S3": 29,
            "B3": 8
          },
          "phaseStatesSha256": "db9fb12a8a40d60c0488b3730f792ddd6b4d33f66d703610e92af9ded90ec0fc",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 3,
          "maximumSupportGeneration": 3
        },
        "provenanceConcern": "Oscillator miner source seed 1045970, radius 6, initial density 67%, soup transient 10; the displayed phase is offset 0 within the resulting orbit. The source fixture retains the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/oscillators/miner.cpp",
          "research/hex-search/oscillators/campaigns.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-conway-p5",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1456,
            1
          ],
          [
            1457,
            1
          ],
          [
            1458,
            1
          ],
          [
            1460,
            1
          ],
          [
            1522,
            1
          ],
          [
            1523,
            1
          ],
          [
            1524,
            1
          ],
          [
            1583,
            1
          ],
          [
            1647,
            1
          ],
          [
            1648,
            1
          ],
          [
            1649,
            1
          ],
          [
            1710,
            1
          ],
          [
            1772,
            1
          ],
          [
            1773,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              3,
              -4,
              1
            ],
            [
              2,
              -3,
              1
            ],
            [
              3,
              -3,
              1
            ],
            [
              1,
              -2,
              1
            ],
            [
              0,
              -1,
              1
            ],
            [
              1,
              -1,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              -2,
              1,
              1
            ],
            [
              -2,
              2,
              1
            ],
            [
              -2,
              3,
              1
            ],
            [
              -1,
              3,
              1
            ],
            [
              -1,
              4,
              1
            ],
            [
              -2,
              5,
              1
            ],
            [
              -1,
              5,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 2,
          "minimumNonzero": 14,
          "maximumNonzero": 15,
          "minimumLive": 14,
          "maximumLive": 15,
          "minimumBoundaryDistance": 27,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 14,
          "live": 14,
          "stateCounts": [
            3155,
            14
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            0.556730602468763,
            0.9642857142857143
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "2b6abe24f7836ed008b66631054612cfff150e5028f0c115b91d8cbbc1358e86",
          "bounds": [
            -5.196152210235596,
            -8.5,
            5.196152210235596,
            10
          ]
        },
        {
          "t": 1,
          "active": 14,
          "live": 14,
          "stateCounts": [
            3155,
            14
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            0.6185895545142037,
            1.0714285714285714
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9b788ced16d6f4d400d499aabd9591917370d4bd27c9eaeb36b5443bbe2ce877",
          "bounds": [
            -4.330127239227295,
            -8.5,
            5.196152210235596,
            10
          ]
        },
        {
          "t": 2,
          "active": 15,
          "live": 15,
          "stateCounts": [
            3154,
            15
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            0.5196152249972026,
            1.1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "0df16e96d586877032bdd6c6bb4682a9e7bb7a1febe41d96af061e9feb6ea9c8",
          "bounds": [
            -4.330127239227295,
            -8.5,
            5.196152210235596,
            10
          ]
        }
      ]
    },
    {
      "id": "hex-conway-p8",
      "category": "Hexagonal oscillators and rotors",
      "title": "Hexagonal Conway p8",
      "summary": "A period-8 B3/S23 oscillator: eight changing sites sit among 19 permanently live cells. Step through it to inspect the small moving parts.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 5,
      "coordinateStates": [
        [
          0,
          -2,
          1
        ],
        [
          1,
          -2,
          1
        ],
        [
          2,
          -2,
          1
        ],
        [
          4,
          -2,
          1
        ],
        [
          5,
          -2,
          1
        ],
        [
          -1,
          -1,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          3,
          -1,
          1
        ],
        [
          5,
          -1,
          1
        ],
        [
          -2,
          0,
          1
        ],
        [
          -1,
          0,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          3,
          0,
          1
        ],
        [
          4,
          0,
          1
        ],
        [
          -3,
          1,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          -3,
          2,
          1
        ],
        [
          0,
          2,
          1
        ],
        [
          -3,
          3,
          1
        ],
        [
          -1,
          3,
          1
        ],
        [
          -3,
          4,
          1
        ],
        [
          -2,
          4,
          1
        ]
      ],
      "expectedPeriod": 8,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -5.196152210235596,
          -4,
          8.66025447845459,
          7
        ],
        "steps": 8,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s deterministic soup search; discovery priority has not been established.",
        "note": "Oscillator miner source seed 511247, radius 9, initial density 46%, soup transient 25; the displayed phase is offset 6 within the resulting orbit. The source fixture retains the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/oscillators/miner.cpp",
          "research/hex-search/oscillators/campaigns.json"
        ]
      },
      "catalogueCode": "X14",
      "ruleId": "R53",
      "cataloguePage": 71,
      "measurementText": "Least period p = 8; transient = 0; cycle L = 22-25; cycle minimum boundary distance = 27.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-conway-p8",
        "title": "Hexagonal Conway p8",
        "status": "package-found",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            0,
            -2,
            1
          ],
          [
            1,
            -2,
            1
          ],
          [
            2,
            -2,
            1
          ],
          [
            4,
            -2,
            1
          ],
          [
            5,
            -2,
            1
          ],
          [
            -1,
            -1,
            1
          ],
          [
            2,
            -1,
            1
          ],
          [
            3,
            -1,
            1
          ],
          [
            5,
            -1,
            1
          ],
          [
            -2,
            0,
            1
          ],
          [
            -1,
            0,
            1
          ],
          [
            1,
            0,
            1
          ],
          [
            3,
            0,
            1
          ],
          [
            4,
            0,
            1
          ],
          [
            -3,
            1,
            1
          ],
          [
            1,
            1,
            1
          ],
          [
            -3,
            2,
            1
          ],
          [
            0,
            2,
            1
          ],
          [
            -3,
            3,
            1
          ],
          [
            -1,
            3,
            1
          ],
          [
            -3,
            4,
            1
          ],
          [
            -2,
            4,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 8, with 22-25 live cells and 22-25 nonzero cells. Its full cycle visits 27 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          2,
          4,
          8
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 8,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            22,
            25
          ],
          "activeRange": [
            22,
            25
          ],
          "unionSize": 27,
          "unionComponents": [
            27
          ],
          "perCellPeriods": {
            "1": 19,
            "8": 8
          },
          "ruleClauses": {
            "S2": 113,
            "S3": 63,
            "B3": 14
          },
          "phaseStatesSha256": "d52efef67e1d8af29d5d85a6f84bf834e97341a48e54490cb77c11b71fffc6c8",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 2,
          "maximumSupportGeneration": 2
        },
        "provenanceConcern": "Oscillator miner source seed 511247, radius 9, initial density 46%, soup transient 25; the displayed phase is offset 6 within the resulting orbit. The source fixture retains the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/oscillators/miner.cpp",
          "research/hex-search/oscillators/campaigns.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-conway-p8",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1393,
            1
          ],
          [
            1394,
            1
          ],
          [
            1395,
            1
          ],
          [
            1396,
            1
          ],
          [
            1455,
            1
          ],
          [
            1459,
            1
          ],
          [
            1518,
            1
          ],
          [
            1519,
            1
          ],
          [
            1522,
            1
          ],
          [
            1582,
            1
          ],
          [
            1586,
            1
          ],
          [
            1647,
            1
          ],
          [
            1649,
            1
          ],
          [
            1650,
            1
          ],
          [
            1711,
            1
          ],
          [
            1712,
            1
          ],
          [
            1775,
            1
          ],
          [
            1776,
            1
          ],
          [
            1836,
            1
          ],
          [
            1838,
            1
          ],
          [
            1897,
            1
          ],
          [
            1898,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              0,
              -2,
              1
            ],
            [
              1,
              -2,
              1
            ],
            [
              2,
              -2,
              1
            ],
            [
              4,
              -2,
              1
            ],
            [
              5,
              -2,
              1
            ],
            [
              -1,
              -1,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              3,
              -1,
              1
            ],
            [
              5,
              -1,
              1
            ],
            [
              -2,
              0,
              1
            ],
            [
              -1,
              0,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              3,
              0,
              1
            ],
            [
              4,
              0,
              1
            ],
            [
              -3,
              1,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              -3,
              2,
              1
            ],
            [
              0,
              2,
              1
            ],
            [
              -3,
              3,
              1
            ],
            [
              -1,
              3,
              1
            ],
            [
              -3,
              4,
              1
            ],
            [
              -2,
              4,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 4,
          "minimumNonzero": 22,
          "maximumNonzero": 25,
          "minimumLive": 22,
          "maximumLive": 25,
          "minimumBoundaryDistance": 27,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 22,
          "live": 22,
          "stateCounts": [
            3147,
            22
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            1.1809437031095678,
            0.4090909090909091
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "89b0f69d8847a5942051d33994ccc12321c3a72f3899cad517f589ae549ba17c",
          "bounds": [
            -6.928203105926514,
            -5.5,
            10.392304420471191,
            8.5
          ]
        },
        {
          "t": 2,
          "active": 25,
          "live": 25,
          "stateCounts": [
            3144,
            25
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            1.0738714742660522,
            0.54
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6d1427371b82e9ee2ecc0195a4d7ab859561b8b14f7e482c12838b226b9329d1",
          "bounds": [
            -6.928203105926514,
            -5.5,
            10.392304420471191,
            8.5
          ]
        },
        {
          "t": 4,
          "active": 24,
          "live": 24,
          "stateCounts": [
            3145,
            24
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            0.9381941656271616,
            0.625
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "913ed673f6c463c91774a787cbbbbb8cceb04c26127a58b5b82d4c57b224eaaf",
          "bounds": [
            -6.928203105926514,
            -5.5,
            10.392304420471191,
            8.5
          ]
        }
      ]
    },
    {
      "id": "hex-b34s234-p269",
      "category": "Hexagonal oscillators and rotors",
      "title": "Hexagonal p269 clock",
      "summary": "A B34/S234 oscillator cycles through 269 distinct complete states within a 53-cell footprint; 29 individual cells share the full period.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B34/S234",
      "generations": 2,
      "borderRings": 1,
      "speed": 30,
      "coordinateStates": [
        [
          3,
          -4,
          1
        ],
        [
          4,
          -4,
          1
        ],
        [
          5,
          -4,
          1
        ],
        [
          2,
          -3,
          1
        ],
        [
          5,
          -3,
          1
        ],
        [
          1,
          -2,
          1
        ],
        [
          4,
          -2,
          1
        ],
        [
          5,
          -2,
          1
        ],
        [
          0,
          -1,
          1
        ],
        [
          5,
          -1,
          1
        ],
        [
          -1,
          0,
          1
        ],
        [
          4,
          0,
          1
        ],
        [
          -2,
          1,
          1
        ],
        [
          3,
          1,
          1
        ],
        [
          -3,
          2,
          1
        ],
        [
          2,
          2,
          1
        ],
        [
          -4,
          3,
          1
        ],
        [
          1,
          3,
          1
        ],
        [
          -5,
          4,
          1
        ],
        [
          0,
          4,
          1
        ],
        [
          -5,
          5,
          1
        ],
        [
          -4,
          5,
          1
        ],
        [
          -3,
          5,
          1
        ],
        [
          -2,
          5,
          1
        ],
        [
          -1,
          5,
          1
        ]
      ],
      "expectedPeriod": 269,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -6.062177658081055,
          -7,
          8.66025447845459,
          8.5
        ],
        "steps": 269,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s deterministic soup search; discovery priority has not been established.",
        "note": "Oscillator miner source seed 15338, radius 6, initial density 18%, soup transient 182; the displayed phase is offset 266 within the resulting orbit. The source fixture retains the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/oscillators/miner.cpp",
          "research/hex-search/oscillators/campaigns.json"
        ]
      },
      "catalogueCode": "X15",
      "ruleId": "R54",
      "cataloguePage": 72,
      "measurementText": "Least period p = 269; transient = 0; cycle L = 25-50; cycle minimum boundary distance = 27.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b34s234-p269",
        "title": "Hexagonal p269 clock",
        "status": "package-found",
        "rule": "B34/S234",
        "states": 2,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            3,
            -4,
            1
          ],
          [
            4,
            -4,
            1
          ],
          [
            5,
            -4,
            1
          ],
          [
            2,
            -3,
            1
          ],
          [
            5,
            -3,
            1
          ],
          [
            1,
            -2,
            1
          ],
          [
            4,
            -2,
            1
          ],
          [
            5,
            -2,
            1
          ],
          [
            0,
            -1,
            1
          ],
          [
            5,
            -1,
            1
          ],
          [
            -1,
            0,
            1
          ],
          [
            4,
            0,
            1
          ],
          [
            -2,
            1,
            1
          ],
          [
            3,
            1,
            1
          ],
          [
            -3,
            2,
            1
          ],
          [
            2,
            2,
            1
          ],
          [
            -4,
            3,
            1
          ],
          [
            1,
            3,
            1
          ],
          [
            -5,
            4,
            1
          ],
          [
            0,
            4,
            1
          ],
          [
            -5,
            5,
            1
          ],
          [
            -4,
            5,
            1
          ],
          [
            -3,
            5,
            1
          ],
          [
            -2,
            5,
            1
          ],
          [
            -1,
            5,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 269, with 25-50 live cells and 25-50 nonzero cells. Its full cycle visits 53 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          67,
          134,
          269
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 269,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            25,
            50
          ],
          "activeRange": [
            25,
            50
          ],
          "unionSize": 53,
          "unionComponents": [
            53
          ],
          "perCellPeriods": {
            "1": 24,
            "269": 29
          },
          "ruleClauses": {
            "S2": 2601,
            "S3": 3821,
            "B3": 720,
            "B4": 749,
            "S4": 2631
          },
          "phaseStatesSha256": "e0521fb05456eaa11000aedb75c5a436a290595a5a64f12f2e116aade763df14",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 268,
          "maximumSupportGeneration": 268
        },
        "provenanceConcern": "Oscillator miner source seed 15338, radius 6, initial density 18%, soup transient 182; the displayed phase is offset 266 within the resulting orbit. The source fixture retains the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/oscillators/miner.cpp",
          "research/hex-search/oscillators/campaigns.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b34s234-p269",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B34/S234",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1273,
            1
          ],
          [
            1274,
            1
          ],
          [
            1333,
            1
          ],
          [
            1335,
            1
          ],
          [
            1394,
            1
          ],
          [
            1397,
            1
          ],
          [
            1456,
            1
          ],
          [
            1460,
            1
          ],
          [
            1519,
            1
          ],
          [
            1524,
            1
          ],
          [
            1583,
            1
          ],
          [
            1588,
            1
          ],
          [
            1647,
            1
          ],
          [
            1652,
            1
          ],
          [
            1710,
            1
          ],
          [
            1715,
            1
          ],
          [
            1772,
            1
          ],
          [
            1777,
            1
          ],
          [
            1834,
            1
          ],
          [
            1836,
            1
          ],
          [
            1838,
            1
          ],
          [
            1895,
            1
          ],
          [
            1896,
            1
          ],
          [
            1897,
            1
          ],
          [
            1898,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              3,
              -4,
              1
            ],
            [
              4,
              -4,
              1
            ],
            [
              5,
              -4,
              1
            ],
            [
              2,
              -3,
              1
            ],
            [
              5,
              -3,
              1
            ],
            [
              1,
              -2,
              1
            ],
            [
              4,
              -2,
              1
            ],
            [
              5,
              -2,
              1
            ],
            [
              0,
              -1,
              1
            ],
            [
              5,
              -1,
              1
            ],
            [
              -1,
              0,
              1
            ],
            [
              4,
              0,
              1
            ],
            [
              -2,
              1,
              1
            ],
            [
              3,
              1,
              1
            ],
            [
              -3,
              2,
              1
            ],
            [
              2,
              2,
              1
            ],
            [
              -4,
              3,
              1
            ],
            [
              1,
              3,
              1
            ],
            [
              -5,
              4,
              1
            ],
            [
              0,
              4,
              1
            ],
            [
              -5,
              5,
              1
            ],
            [
              -4,
              5,
              1
            ],
            [
              -3,
              5,
              1
            ],
            [
              -2,
              5,
              1
            ],
            [
              -1,
              5,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 268,
          "minimumNonzero": 25,
          "maximumNonzero": 50,
          "minimumLive": 25,
          "maximumLive": 50,
          "minimumBoundaryDistance": 27,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 25,
          "live": 25,
          "stateCounts": [
            3144,
            25
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            1.6281277084350585,
            1.14
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "de7d795dd3a35ca619dea58f399033324f898027a5af9db1a0fd025c7801a277",
          "bounds": [
            -7.794228553771973,
            -8.5,
            10.392304420471191,
            10
          ]
        },
        {
          "t": 134,
          "active": 41,
          "live": 41,
          "stateCounts": [
            3128,
            41
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            1.6686830622393911,
            1.2073170731707317
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "d0ff013aa5e966ebb0f74ec2dc30c26e1637af3ccf8d29aab977a2269f1cc1c4",
          "bounds": [
            -7.794228553771973,
            -8.5,
            10.392304420471191,
            10
          ]
        },
        {
          "t": 268,
          "active": 50,
          "live": 50,
          "stateCounts": [
            3119,
            50
          ],
          "minimumBoundaryDistance": 27,
          "nonzeroCentroid": [
            1.4895636630058289,
            1.44
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "620acebc49d4b9e0eb9e803fc64428202a6bea81f943f753b3e92e973bafe6bf",
          "bounds": [
            -7.794228553771973,
            -8.5,
            10.392304420471191,
            10
          ]
        }
      ]
    },
    {
      "id": "hex-b245s3-p57-pulsator",
      "category": "Hexagonal oscillators and rotors",
      "title": "Hexagonal p57 pulsator",
      "summary": "Nine live cells expand into a 99-cell phase and contract back to the exact starting state after 57 generations.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B245/S3",
      "generations": 2,
      "borderRings": 1,
      "speed": 10,
      "coordinateStates": [
        [
          -2,
          2,
          1
        ],
        [
          -1,
          0,
          1
        ],
        [
          -1,
          3,
          1
        ],
        [
          0,
          -1,
          1
        ],
        [
          0,
          3,
          1
        ],
        [
          2,
          -2,
          1
        ],
        [
          2,
          2,
          1
        ],
        [
          3,
          -1,
          1
        ],
        [
          3,
          0,
          1
        ]
      ],
      "expectedPeriod": 57,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -13.856406211853027,
          -16,
          17.32050895690918,
          16
        ],
        "steps": 57,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s binary-rule soup search; discovery priority has not been established.",
        "note": "Binary campaign seed 20261011, trial 2586, mode 1, transient 7, chosen cycle phase offset 34. The source fixture retains the initial state and verification evidence. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/binary/search.cpp",
          "research/hex-search/binary/campaigns.json"
        ]
      },
      "catalogueCode": "X16",
      "ruleId": "R48",
      "cataloguePage": 73,
      "measurementText": "Least period p = 57; transient = 0; cycle L = 9-99; cycle minimum boundary distance = 20.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b245s3-p57-pulsator",
        "title": "Hexagonal p57 pulsator",
        "status": "package-found",
        "rule": "B245/S3",
        "states": 2,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -2,
            2,
            1
          ],
          [
            -1,
            0,
            1
          ],
          [
            -1,
            3,
            1
          ],
          [
            0,
            -1,
            1
          ],
          [
            0,
            3,
            1
          ],
          [
            2,
            -2,
            1
          ],
          [
            2,
            2,
            1
          ],
          [
            3,
            -1,
            1
          ],
          [
            3,
            0,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 57, with 9-99 live cells and 9-99 nonzero cells. Its full cycle visits 231 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          36,
          28,
          57
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 57,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            9,
            99
          ],
          "activeRange": [
            9,
            99
          ],
          "unionSize": 231,
          "unionComponents": [
            231
          ],
          "perCellPeriods": {
            "57": 231
          },
          "ruleClauses": {
            "B2": 1566,
            "S3": 372,
            "B4": 411,
            "B5": 54
          },
          "phaseStatesSha256": "8a8d584afbcf76643703f4e602b83d3785dc64bda61dba35443de38534f7f17c",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 36,
          "maximumSupportGeneration": 36
        },
        "provenanceConcern": "Binary campaign seed 20261011, trial 2586, mode 1, transient 7, chosen cycle phase offset 34. The source fixture retains the initial state and verification evidence. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/binary/search.cpp",
          "research/hex-search/binary/campaigns.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b245s3-p57-pulsator",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B245/S3",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1457,
            1
          ],
          [
            1519,
            1
          ],
          [
            1522,
            1
          ],
          [
            1583,
            1
          ],
          [
            1587,
            1
          ],
          [
            1711,
            1
          ],
          [
            1715,
            1
          ],
          [
            1775,
            1
          ],
          [
            1776,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -2,
              2,
              1
            ],
            [
              -1,
              0,
              1
            ],
            [
              -1,
              3,
              1
            ],
            [
              0,
              -1,
              1
            ],
            [
              0,
              3,
              1
            ],
            [
              2,
              -2,
              1
            ],
            [
              2,
              2,
              1
            ],
            [
              3,
              -1,
              1
            ],
            [
              3,
              0,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 56,
          "minimumNonzero": 9,
          "maximumNonzero": 99,
          "minimumLive": 9,
          "maximumLive": 99,
          "minimumBoundaryDistance": 20,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 9,
          "live": 9,
          "stateCounts": [
            3160,
            9
          ],
          "minimumBoundaryDistance": 28,
          "nonzeroCentroid": [
            1.7320507764816284,
            1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "834aadf8e2245ce66e95b5fdf8ad31ed51a0562eba5fd2d9193bc1d096e2b9aa",
          "bounds": [
            -4.330127239227295,
            -5.5,
            7.794228553771973,
            7
          ]
        },
        {
          "t": 36,
          "active": 99,
          "live": 99,
          "stateCounts": [
            3070,
            99
          ],
          "minimumBoundaryDistance": 20,
          "nonzeroCentroid": [
            1.7320507831043668,
            1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "21d6fa29699d505e80392306dc9a28145468f6d2cf374128aee4fcc8d243d705",
          "bounds": [
            -14.722432136535645,
            -17.5,
            18.186532974243164,
            14.5
          ]
        },
        {
          "t": 56,
          "active": 24,
          "live": 24,
          "stateCounts": [
            3145,
            24
          ],
          "minimumBoundaryDistance": 26,
          "nonzeroCentroid": [
            1.7320507739981015,
            1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "e2b38b72e93d0ee88279f316a6cfed7a8126c5eab82109aca247f39de46bd39b",
          "bounds": [
            -6.928203105926514,
            -8.5,
            10.392304420471191,
            8.5
          ]
        }
      ]
    },
    {
      "id": "hex-b24s3-p128-rotor",
      "category": "Hexagonal oscillators and rotors",
      "title": "Hexagonal p128 half-turn rotor",
      "summary": "A nine-cell phase grows and rearranges into a half-turn after 64 generations; the complete state first returns after 128.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B24/S3",
      "generations": 2,
      "borderRings": 1,
      "speed": 16,
      "coordinateStates": [
        [
          -3,
          1,
          1
        ],
        [
          -3,
          4,
          1
        ],
        [
          -2,
          2,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          1,
          -3,
          1
        ],
        [
          1,
          3,
          1
        ],
        [
          2,
          -2,
          1
        ],
        [
          3,
          1,
          1
        ],
        [
          4,
          -3,
          1
        ]
      ],
      "expectedPeriod": 128,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -12.990381240844727,
          -10,
          10.392304420471191,
          8.5
        ],
        "steps": 128,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s binary-rule soup search; discovery priority has not been established.",
        "note": "Binary campaign seed 908020261011, trial 53543, mode 3, transient 25, chosen cycle phase offset 67. The source fixture retains the initial state and verification evidence. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/binary/search.cpp",
          "research/hex-search/binary/campaigns.json"
        ]
      },
      "catalogueCode": "X17",
      "ruleId": "R46",
      "cataloguePage": 74,
      "measurementText": "Least period p = 128; transient = 0; cycle L = 9-34; cycle minimum boundary distance = 24.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b24s3-p128-rotor",
        "title": "Hexagonal p128 half-turn rotor",
        "status": "package-found",
        "rule": "B24/S3",
        "states": 2,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -3,
            1,
            1
          ],
          [
            -3,
            4,
            1
          ],
          [
            -2,
            2,
            1
          ],
          [
            0,
            0,
            1
          ],
          [
            1,
            -3,
            1
          ],
          [
            1,
            3,
            1
          ],
          [
            2,
            -2,
            1
          ],
          [
            3,
            1,
            1
          ],
          [
            4,
            -3,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 128, with 9-34 live cells and 9-34 nonzero cells. Its full cycle visits 118 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          32,
          64,
          128
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 128,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            9,
            34
          ],
          "activeRange": [
            9,
            34
          ],
          "unionSize": 118,
          "unionComponents": [
            118
          ],
          "perCellPeriods": {
            "64": 10,
            "128": 108
          },
          "ruleClauses": {
            "B2": 1752,
            "S3": 424,
            "B4": 332
          },
          "phaseStatesSha256": "8c855f0973f2e69e8650507e58985523c5c9e0f8eae09a99d6773fb08a514dc8",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": {
            "interval": 64,
            "rotation60Steps": 3,
            "translation": [
              -1,
              -1
            ],
            "centreAxial": [
              [
                -1,
                2
              ],
              [
                -1,
                2
              ]
            ],
            "verifiedPhases": 128
          },
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 31,
          "maximumSupportGeneration": 31
        },
        "provenanceConcern": "Binary campaign seed 908020261011, trial 53543, mode 3, transient 25, chosen cycle phase offset 67. The source fixture retains the initial state and verification evidence. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/binary/search.cpp",
          "research/hex-search/binary/campaigns.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b24s3-p128-rotor",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B24/S3",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1393,
            1
          ],
          [
            1396,
            1
          ],
          [
            1457,
            1
          ],
          [
            1584,
            1
          ],
          [
            1646,
            1
          ],
          [
            1652,
            1
          ],
          [
            1711,
            1
          ],
          [
            1777,
            1
          ],
          [
            1835,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -3,
              1,
              1
            ],
            [
              -3,
              4,
              1
            ],
            [
              -2,
              2,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              1,
              -3,
              1
            ],
            [
              1,
              3,
              1
            ],
            [
              2,
              -2,
              1
            ],
            [
              3,
              1,
              1
            ],
            [
              4,
              -3,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 64,
          "minimumNonzero": 9,
          "maximumNonzero": 34,
          "minimumLive": 9,
          "maximumLive": 34,
          "minimumBoundaryDistance": 26,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 9,
          "live": 9,
          "stateCounts": [
            3160,
            9
          ],
          "minimumBoundaryDistance": 28,
          "nonzeroCentroid": [
            0.8660254147317674,
            0.5
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b1915942351393b0c7c3550d36ca3f6c9ec867f857c2f0b8ccd64a8304328478",
          "bounds": [
            -6.928203105926514,
            -7,
            8.66025447845459,
            8.5
          ]
        },
        {
          "t": 32,
          "active": 23,
          "live": 23,
          "stateCounts": [
            3146,
            23
          ],
          "minimumBoundaryDistance": 26,
          "nonzeroCentroid": [
            1.0166385070137356,
            0.5869565217391305
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "5e44bf8073db079c1d7745bc0fb42e9bdeb82b1448ec37fced736d0535956d3f",
          "bounds": [
            -8.66025447845459,
            -8.5,
            10.392304420471191,
            8.5
          ]
        },
        {
          "t": 64,
          "active": 9,
          "live": 9,
          "stateCounts": [
            3160,
            9
          ],
          "minimumBoundaryDistance": 26,
          "nonzeroCentroid": [
            -3.464101645681593,
            -2
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "f2d1b87ee508297f6dd32da33fe4214f7525bbc321f43f81cd7ed43cf18b634f",
          "bounds": [
            -11.258330345153809,
            -10,
            4.330127239227295,
            5.5
          ]
        }
      ]
    },
    {
      "id": "hex-b234s3-p4104",
      "category": "Hexagonal oscillators and rotors",
      "title": "Hexagonal p4104 long clock",
      "summary": "Only 50 sites ever become live, yet the complete B234/S3 state takes 4,104 generations to return. Twenty-six individual cells have the full period; this is not a collection of independent shorter clocks.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B234/S3",
      "generations": 2,
      "borderRings": 1,
      "speed": 180,
      "coordinateStates": [
        [
          -4,
          0,
          1
        ],
        [
          -4,
          2,
          1
        ],
        [
          -4,
          4,
          1
        ],
        [
          -3,
          2,
          1
        ],
        [
          -2,
          -2,
          1
        ],
        [
          -2,
          4,
          1
        ],
        [
          0,
          -4,
          1
        ],
        [
          0,
          2,
          1
        ],
        [
          2,
          -4,
          1
        ],
        [
          2,
          0,
          1
        ],
        [
          4,
          -4,
          1
        ],
        [
          4,
          -2,
          1
        ]
      ],
      "expectedPeriod": 4104,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -7.794228553771973,
          -7,
          6.062177658081055,
          7
        ],
        "steps": 4104,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s binary-rule soup search; discovery priority has not been established.",
        "note": "Binary campaign seed 60520261011, trial 127, mode 2, transient 802, chosen cycle phase offset 2268. The source fixture retains the initial state and verification evidence. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/binary/search.cpp",
          "research/hex-search/binary/campaigns.json"
        ]
      },
      "catalogueCode": "X18",
      "ruleId": "R41",
      "cataloguePage": 75,
      "measurementText": "Least period p = 4104; transient = 0; cycle L = 12-36; cycle minimum boundary distance = 28.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b234s3-p4104",
        "title": "Hexagonal p4104 long clock",
        "status": "package-found",
        "rule": "B234/S3",
        "states": 2,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -4,
            0,
            1
          ],
          [
            -4,
            2,
            1
          ],
          [
            -4,
            4,
            1
          ],
          [
            -3,
            2,
            1
          ],
          [
            -2,
            -2,
            1
          ],
          [
            -2,
            4,
            1
          ],
          [
            0,
            -4,
            1
          ],
          [
            0,
            2,
            1
          ],
          [
            2,
            -4,
            1
          ],
          [
            2,
            0,
            1
          ],
          [
            4,
            -4,
            1
          ],
          [
            4,
            -2,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 4104, with 12-36 live cells and 12-36 nonzero cells. Its full cycle visits 50 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          1026,
          2052,
          4104
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 4104,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            12,
            36
          ],
          "activeRange": [
            12,
            36
          ],
          "unionSize": 50,
          "unionComponents": [
            50
          ],
          "perCellPeriods": {
            "2": 22,
            "2052": 2,
            "4104": 26
          },
          "ruleClauses": {
            "B2": 27022,
            "B3": 34400,
            "B4": 22030,
            "S3": 22228
          },
          "phaseStatesSha256": "914405ea296c1314c447530d868873e826f0f8e5ef1774f7f2ec503226d8b37e",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 1098,
          "maximumSupportGeneration": 1098
        },
        "provenanceConcern": "Binary campaign seed 60520261011, trial 127, mode 2, transient 802, chosen cycle phase offset 2268. The source fixture retains the initial state and verification evidence. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/binary/search.cpp",
          "research/hex-search/binary/campaigns.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b234s3-p4104",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B234/S3",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1330,
            1
          ],
          [
            1332,
            1
          ],
          [
            1334,
            1
          ],
          [
            1394,
            1
          ],
          [
            1453,
            1
          ],
          [
            1459,
            1
          ],
          [
            1580,
            1
          ],
          [
            1586,
            1
          ],
          [
            1709,
            1
          ],
          [
            1713,
            1
          ],
          [
            1834,
            1
          ],
          [
            1836,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -4,
              0,
              1
            ],
            [
              -4,
              2,
              1
            ],
            [
              -4,
              4,
              1
            ],
            [
              -3,
              2,
              1
            ],
            [
              -2,
              -2,
              1
            ],
            [
              -2,
              4,
              1
            ],
            [
              0,
              -4,
              1
            ],
            [
              0,
              2,
              1
            ],
            [
              2,
              -4,
              1
            ],
            [
              2,
              0,
              1
            ],
            [
              4,
              -4,
              1
            ],
            [
              4,
              -2,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 2052,
          "minimumNonzero": 12,
          "maximumNonzero": 36,
          "minimumLive": 12,
          "maximumLive": 36,
          "minimumBoundaryDistance": 28,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 12,
          "live": 12,
          "stateCounts": [
            3157,
            12
          ],
          "minimumBoundaryDistance": 28,
          "nonzeroCentroid": [
            -1.1547005077203114,
            -0.25
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "92fc3e0a7529cb6fc13ac824486e7d8962694439d0aac7c4b63ac1880e46a434",
          "bounds": [
            -9.52627944946289,
            -8.5,
            7.794228553771973,
            8.5
          ]
        },
        {
          "t": 1098,
          "active": 36,
          "live": 36,
          "stateCounts": [
            3133,
            36
          ],
          "minimumBoundaryDistance": 28,
          "nonzeroCentroid": [
            -0.9381941788726382,
            -0.875
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "bb006f038b0fb5f4ce93777dba4506852a443c8827633ad75710774f4cb8bba5",
          "bounds": [
            -9.52627944946289,
            -8.5,
            7.794228553771973,
            8.5
          ]
        },
        {
          "t": 2052,
          "active": 12,
          "live": 12,
          "stateCounts": [
            3157,
            12
          ],
          "minimumBoundaryDistance": 28,
          "nonzeroCentroid": [
            -0.7938565959533056,
            -0.875
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4019a1a4b11705d1efe34f1953a82b9427ad8ba7d6a2abc56fdcfae091d75b17",
          "bounds": [
            -9.52627944946289,
            -8.5,
            7.794228553771973,
            8.5
          ]
        }
      ]
    },
    {
      "id": "hex-b2s3456-c7-p372-rotor",
      "category": "Hexagonal oscillators and rotors",
      "title": "Hexagonal p372 sixfold rotor",
      "summary": "Seven-state B2/S3456 activity rotates around a live core: the complete labelled state turns 60 degrees every 62 generations and returns after 372.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B2/S3456",
      "generations": 7,
      "borderRings": 1,
      "speed": 30,
      "coordinateStates": [
        [
          -1,
          1,
          4
        ],
        [
          -1,
          2,
          3
        ],
        [
          0,
          -1,
          4
        ],
        [
          0,
          0,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          0,
          2,
          1
        ],
        [
          1,
          -2,
          6
        ],
        [
          1,
          -1,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          2,
          0,
          1
        ]
      ],
      "expectedPeriod": 372,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -4.330127239227295,
          -5.5,
          7.794228553771973,
          5.5
        ],
        "steps": 372,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s Generations search; discovery priority has not been established.",
        "note": "Generations campaign first, random seed 7522551138070962214, trial 75416, original rule B25/S3456, source transient 13. The displayed rule B2/S3456 removes B5, which is inactive throughout the verified periodic orbit. Rule simplification certifies the selected complete-state orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/generations/search.cpp",
          "research/hex-search/generations/analyse.py",
          "research/hex-search/generations/campaigns.json"
        ]
      },
      "catalogueCode": "X19",
      "ruleId": "R33",
      "cataloguePage": 76,
      "measurementText": "Least period p = 372; transient = 0; cycle L = 7-13; cycle N = 12-21; cycle minimum boundary distance = 28.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b2s3456-c7-p372-rotor",
        "title": "Hexagonal p372 sixfold rotor",
        "status": "package-found",
        "rule": "B2/S3456",
        "states": 7,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -1,
            1,
            4
          ],
          [
            -1,
            2,
            3
          ],
          [
            0,
            -1,
            4
          ],
          [
            0,
            0,
            1
          ],
          [
            0,
            1,
            1
          ],
          [
            0,
            2,
            1
          ],
          [
            1,
            -2,
            6
          ],
          [
            1,
            -1,
            1
          ],
          [
            1,
            0,
            1
          ],
          [
            1,
            1,
            1
          ],
          [
            2,
            -1,
            1
          ],
          [
            2,
            0,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 372, with 7-13 live cells and 12-21 nonzero cells. Its full cycle visits 37 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          93,
          186,
          372
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 372,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            7,
            13
          ],
          "activeRange": [
            12,
            21
          ],
          "unionSize": 37,
          "unionComponents": [
            37
          ],
          "perCellPeriods": {
            "1": 7,
            "372": 30
          },
          "ruleClauses": {
            "S3": 1590,
            "S4": 552,
            "S6": 372,
            "B2": 540,
            "S5": 276
          },
          "phaseStatesSha256": "d9d18fe1e071269bced869bfc88522c5d1383d77a51299f5cbe8ec1528eab13b",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": {
            "interval": 62,
            "rotation60Steps": 1,
            "translation": [
              1,
              -1
            ],
            "centreAxial": [
              [
                1,
                1
              ],
              [
                0,
                1
              ]
            ],
            "verifiedPhases": 372
          },
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 42,
          "maximumSupportGeneration": 5
        },
        "provenanceConcern": "Generations campaign first, random seed 7522551138070962214, trial 75416, original rule B25/S3456, source transient 13. The displayed rule B2/S3456 removes B5, which is inactive throughout the verified periodic orbit. Rule simplification certifies the selected complete-state orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/generations/search.cpp",
          "research/hex-search/generations/analyse.py",
          "research/hex-search/generations/campaigns.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b2s3456-c7-p372-rotor",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S3456",
        "states": 7,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1520,
            4
          ],
          [
            1521,
            3
          ],
          [
            1583,
            4
          ],
          [
            1584,
            1
          ],
          [
            1585,
            1
          ],
          [
            1586,
            1
          ],
          [
            1647,
            6
          ],
          [
            1648,
            1
          ],
          [
            1649,
            1
          ],
          [
            1650,
            1
          ],
          [
            1712,
            1
          ],
          [
            1713,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -1,
              1,
              4
            ],
            [
              -1,
              2,
              3
            ],
            [
              0,
              -1,
              4
            ],
            [
              0,
              0,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              0,
              2,
              1
            ],
            [
              1,
              -2,
              6
            ],
            [
              1,
              -1,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              2,
              0,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 186,
          "minimumNonzero": 12,
          "maximumNonzero": 21,
          "minimumLive": 7,
          "maximumLive": 13,
          "minimumBoundaryDistance": 28,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 12,
          "live": 8,
          "stateCounts": [
            3157,
            8,
            0,
            1,
            2,
            0,
            1
          ],
          "minimumBoundaryDistance": 30,
          "nonzeroCentroid": [
            1.010362943013509,
            0.25
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "a521f94e83537ce50c219148634d274e91566c9c0999e63aec95e89edcb8bc41",
          "bounds": [
            -3.464101552963257,
            -5.5,
            6.062177658081055,
            5.5
          ]
        },
        {
          "t": 93,
          "active": 15,
          "live": 8,
          "stateCounts": [
            3154,
            8,
            2,
            1,
            3,
            0,
            1
          ],
          "minimumBoundaryDistance": 28,
          "nonzeroCentroid": [
            2.309401055177053,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "2584d26dcf320ca1be1eb6e83db5475eea0aa9c2c4f1fa939fdb3bcab83537eb",
          "bounds": [
            -4.330127239227295,
            -5.5,
            8.66025447845459,
            5.5
          ]
        },
        {
          "t": 186,
          "active": 12,
          "live": 8,
          "stateCounts": [
            3157,
            8,
            0,
            1,
            2,
            0,
            1
          ],
          "minimumBoundaryDistance": 29,
          "nonzeroCentroid": [
            2.45373863975207,
            -0.25
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "67118b1b07a51967d5c4956e2e5165242a2351364cd40b73931bcac517abff96",
          "bounds": [
            -2.598076105117798,
            -5.5,
            6.928203105926514,
            5.5
          ]
        }
      ]
    },
    {
      "id": "hex-b24s16-c3-p248-breather",
      "category": "Hexagonal oscillators and rotors",
      "title": "Hexagonal p248 giant breather",
      "summary": "A tiny 13-cell phase expands to 209 live or refractory cells across a 1,281-site footprint, then contracts. It makes a half-turn after 124 generations and returns after 248.",
      "tiling": "hex",
      "depth": 64,
      "neighborhood": "edge",
      "rule": "B24/S16",
      "generations": 3,
      "borderRings": 1,
      "speed": 20,
      "coordinateStates": [
        [
          -3,
          1,
          2
        ],
        [
          -3,
          3,
          1
        ],
        [
          -3,
          4,
          1
        ],
        [
          -2,
          3,
          1
        ],
        [
          -1,
          0,
          1
        ],
        [
          -1,
          1,
          1
        ],
        [
          0,
          -1,
          1
        ],
        [
          0,
          0,
          2
        ],
        [
          1,
          -3,
          2
        ],
        [
          1,
          -1,
          1
        ],
        [
          3,
          -3,
          1
        ],
        [
          3,
          -2,
          1
        ],
        [
          4,
          -3,
          1
        ]
      ],
      "expectedPeriod": 248,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -50.22947311401367,
          -41.5,
          34.64101791381836,
          32.5
        ],
        "steps": 248,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s Generations search; discovery priority has not been established.",
        "note": "Generations campaign million, random seed 7529271334792788165, trial 15937, original rule B24/S16, source transient 86. The original searched rule is retained. Rule simplification certifies the selected complete-state orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/generations/search.cpp",
          "research/hex-search/generations/analyse.py",
          "research/hex-search/generations/campaigns.json"
        ]
      },
      "catalogueCode": "X20",
      "ruleId": "R45",
      "cataloguePage": 77,
      "measurementText": "Least period p = 248; transient = 0; cycle L = 9-124; cycle N = 13-209; cycle minimum boundary distance = 31.",
      "fixedView": true,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b24s16-c3-p248-breather",
        "title": "Hexagonal p248 giant breather",
        "status": "package-found",
        "rule": "B24/S16",
        "states": 3,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -3,
            1,
            2
          ],
          [
            -3,
            3,
            1
          ],
          [
            -3,
            4,
            1
          ],
          [
            -2,
            3,
            1
          ],
          [
            -1,
            0,
            1
          ],
          [
            -1,
            1,
            1
          ],
          [
            0,
            -1,
            1
          ],
          [
            0,
            0,
            2
          ],
          [
            1,
            -3,
            2
          ],
          [
            1,
            -1,
            1
          ],
          [
            3,
            -3,
            1
          ],
          [
            3,
            -2,
            1
          ],
          [
            4,
            -3,
            1
          ]
        ],
        "preciseClaim": "The complete configuration has least period 248, with 9-124 live cells and 13-209 nonzero cells. Its full cycle visits 1281 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          75,
          124,
          248
        ],
        "verificationFacts": {
          "kind": "oscillator",
          "transient": 0,
          "period": 248,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            9,
            124
          ],
          "activeRange": [
            13,
            209
          ],
          "unionSize": 1281,
          "unionComponents": [
            1281
          ],
          "perCellPeriods": {
            "124": 27,
            "248": 1254
          },
          "ruleClauses": {
            "S1": 3904,
            "B2": 7830,
            "B4": 452,
            "S6": 6
          },
          "phaseStatesSha256": "cc47ccf0e74c3124dc58cd05b432e981c52eae1d1bb0a5037000aab1be7f0850",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": {
            "interval": 124,
            "rotation60Steps": 3,
            "translation": [
              -6,
              -6
            ],
            "centreAxial": [
              [
                -3,
                1
              ],
              [
                -3,
                1
              ]
            ],
            "verifiedPhases": 248
          },
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 74,
          "maximumSupportGeneration": 75
        },
        "provenanceConcern": "Generations campaign million, random seed 7529271334792788165, trial 15937, original rule B24/S16, source transient 86. The original searched rule is retained. Rule simplification certifies the selected complete-state orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/generations/search.cpp",
          "research/hex-search/generations/analyse.py",
          "research/hex-search/generations/campaigns.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a common fixed coordinate frame for all panels to show change in extent faithfully.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b24s16-c3-p248-breather",
        "tiling": "hex",
        "depth": 64,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B24/S16",
        "states": 3,
        "borderRings": 1,
        "patchTileCount": 12481,
        "verticesPerTile": 6,
        "geometrySHA256": "5e3544dd21090ab0bfc33bca6c71e5770a9553db151eb3c682ae4b3bb41fb026",
        "graphSHA256": "e11b75225880b373caff63123345b600da3cac3892aca55bbb46c47c4f608b74",
        "initialCellStates": [
          [
            5857,
            2
          ],
          [
            5859,
            1
          ],
          [
            5860,
            1
          ],
          [
            5986,
            1
          ],
          [
            6111,
            1
          ],
          [
            6112,
            1
          ],
          [
            6239,
            1
          ],
          [
            6240,
            2
          ],
          [
            6366,
            2
          ],
          [
            6368,
            1
          ],
          [
            6621,
            1
          ],
          [
            6622,
            1
          ],
          [
            6747,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -3,
              1,
              2
            ],
            [
              -3,
              3,
              1
            ],
            [
              -3,
              4,
              1
            ],
            [
              -2,
              3,
              1
            ],
            [
              -1,
              0,
              1
            ],
            [
              -1,
              1,
              1
            ],
            [
              0,
              -1,
              1
            ],
            [
              0,
              0,
              2
            ],
            [
              1,
              -3,
              2
            ],
            [
              1,
              -1,
              1
            ],
            [
              3,
              -3,
              1
            ],
            [
              3,
              -2,
              1
            ],
            [
              4,
              -3,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 124,
          "minimumNonzero": 13,
          "maximumNonzero": 209,
          "minimumLive": 9,
          "maximumLive": 124,
          "minimumBoundaryDistance": 43,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 13,
          "live": 10,
          "stateCounts": [
            12468,
            10,
            3
          ],
          "minimumBoundaryDistance": 60,
          "nonzeroCentroid": [
            -0.19985201267095712,
            -0.11538461538461539
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "795eb399ba989b7e5ac280a08d7491db00e5eadba2c5cf7346a795060beea7d6",
          "bounds": [
            -6.928203105926514,
            -7,
            6.928203105926514,
            8.5
          ]
        },
        {
          "t": 75,
          "active": 209,
          "live": 111,
          "stateCounts": [
            12272,
            111,
            98
          ],
          "minimumBoundaryDistance": 46,
          "nonzeroCentroid": [
            1.7403381184527749,
            1.0047846889952152
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6ebba5dfb1ea74567e0cf2af065092862eb2646e4254600f3125eeeed859525a",
          "bounds": [
            -24.24871063232422,
            -20.5,
            26.84678840637207,
            29.5
          ]
        },
        {
          "t": 124,
          "active": 13,
          "live": 10,
          "stateCounts": [
            12468,
            10,
            3
          ],
          "minimumBoundaryDistance": 51,
          "nonzeroCentroid": [
            -15.38860533787654,
            -8.884615384615385
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "0410a80fbfb72343c804c58a210fee5586f16371341c337d8d7cd74e857d28de",
          "bounds": [
            -22.516660690307617,
            -17.5,
            -8.66025447845459,
            -2
          ]
        }
      ]
    },
    {
      "id": "hex-b23s13-c5-p138-traveller",
      "category": "Hexagonal travellers",
      "title": "Hexagonal p138 wandering spaceship",
      "summary": "This five-state spaceship makes a wide excursion before returning with an axial (0,-8) shift after 138 generations. Every refractory cell is included in the exact recurrence.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B23/S13",
      "generations": 5,
      "borderRings": 1,
      "speed": 20,
      "coordinateStates": [
        [
          -2,
          -3,
          4
        ],
        [
          -1,
          -2,
          4
        ],
        [
          -1,
          5,
          4
        ],
        [
          0,
          -3,
          4
        ],
        [
          0,
          -2,
          1
        ],
        [
          0,
          -1,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          0,
          3,
          2
        ],
        [
          1,
          -3,
          2
        ],
        [
          1,
          -2,
          4
        ],
        [
          1,
          -1,
          3
        ],
        [
          1,
          0,
          1
        ],
        [
          1,
          1,
          4
        ],
        [
          1,
          3,
          3
        ],
        [
          2,
          -4,
          1
        ],
        [
          2,
          -3,
          2
        ],
        [
          2,
          -2,
          1
        ],
        [
          2,
          -1,
          4
        ],
        [
          2,
          1,
          1
        ],
        [
          2,
          2,
          3
        ],
        [
          2,
          3,
          2
        ],
        [
          3,
          -3,
          1
        ],
        [
          3,
          0,
          1
        ],
        [
          3,
          1,
          1
        ],
        [
          3,
          2,
          1
        ]
      ],
      "expectedPeriod": 138,
      "moving": true,
      "translation": [
        0,
        -8
      ],
      "view": {
        "mode": "trajectory",
        "bounds": [
          -28.578838348388672,
          -55,
          58.02370071411133,
          13
        ],
        "steps": 276,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s Generations search; discovery priority has not been established.",
        "note": "Generations campaign million, random seed 7529271334792788165, trial 106888, original rule B235/S13, source transient 53. The displayed rule B23/S13 removes B5, which is inactive throughout the verified travelling orbit. Rule simplification certifies the selected complete-state orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/generations/search.cpp",
          "research/hex-search/generations/analyse.py",
          "research/hex-search/generations/campaigns.json"
        ]
      },
      "catalogueCode": "X21",
      "ruleId": "R36",
      "cataloguePage": 78,
      "measurementText": "Least period p = 138; transient = 0; axial shift = (0, -8); cycle L = 9-40; cycle N = 26-103.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b23s13-c5-p138-traveller",
        "title": "Hexagonal p138 wandering spaceship",
        "status": "package-found",
        "rule": "B23/S13",
        "states": 5,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -2,
            -3,
            4
          ],
          [
            -1,
            -2,
            4
          ],
          [
            -1,
            5,
            4
          ],
          [
            0,
            -3,
            4
          ],
          [
            0,
            -2,
            1
          ],
          [
            0,
            -1,
            1
          ],
          [
            0,
            0,
            1
          ],
          [
            0,
            1,
            1
          ],
          [
            0,
            3,
            2
          ],
          [
            1,
            -3,
            2
          ],
          [
            1,
            -2,
            4
          ],
          [
            1,
            -1,
            3
          ],
          [
            1,
            0,
            1
          ],
          [
            1,
            1,
            4
          ],
          [
            1,
            3,
            3
          ],
          [
            2,
            -4,
            1
          ],
          [
            2,
            -3,
            2
          ],
          [
            2,
            -2,
            1
          ],
          [
            2,
            -1,
            4
          ],
          [
            2,
            1,
            1
          ],
          [
            2,
            2,
            3
          ],
          [
            2,
            3,
            2
          ],
          [
            3,
            -3,
            1
          ],
          [
            3,
            0,
            1
          ],
          [
            3,
            1,
            1
          ],
          [
            3,
            2,
            1
          ]
        ],
        "preciseClaim": "The complete 5-state configuration has least translated period 138, with axial displacement (0, -8). Its recurrent orbit contains 9-40 live cells and 26-103 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          34,
          69,
          138
        ],
        "verificationFacts": {
          "kind": "spaceship",
          "transient": 0,
          "period": 138,
          "translation": [
            0,
            -8
          ],
          "liveRange": [
            9,
            40
          ],
          "activeRange": [
            26,
            103
          ],
          "unionSize": 897,
          "unionComponents": [
            896,
            1
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "S1": 876,
            "S3": 464,
            "B2": 1234,
            "B3": 336
          },
          "phaseStatesSha256": "bc3cac9bd8d451b69e5e08006a0047e325018ae64d88b141d6b7653a68893116",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 47,
          "maximumSupportGeneration": 47
        },
        "provenanceConcern": "Generations campaign million, random seed 7529271334792788165, trial 106888, original rule B235/S13, source transient 53. The displayed rule B23/S13 removes B5, which is inactive throughout the verified travelling orbit. Rule simplification certifies the selected complete-state orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/generations/search.cpp",
          "research/hex-search/generations/analyse.py",
          "research/hex-search/generations/campaigns.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a fixed coordinate frame for seed and translated return, or explicitly label any independently recentered panels. Include all refractory states.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b23s13-c5-p138-traveller",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B23/S13",
        "states": 5,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24252,
            4
          ],
          [
            24509,
            4
          ],
          [
            24516,
            4
          ],
          [
            24765,
            4
          ],
          [
            24766,
            1
          ],
          [
            24767,
            1
          ],
          [
            24768,
            1
          ],
          [
            24769,
            1
          ],
          [
            24771,
            2
          ],
          [
            25022,
            2
          ],
          [
            25023,
            4
          ],
          [
            25024,
            3
          ],
          [
            25025,
            1
          ],
          [
            25026,
            4
          ],
          [
            25028,
            3
          ],
          [
            25277,
            1
          ],
          [
            25278,
            2
          ],
          [
            25279,
            1
          ],
          [
            25280,
            4
          ],
          [
            25282,
            1
          ],
          [
            25283,
            3
          ],
          [
            25284,
            2
          ],
          [
            25533,
            1
          ],
          [
            25536,
            1
          ],
          [
            25537,
            1
          ],
          [
            25538,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -2,
              -3,
              4
            ],
            [
              -1,
              -2,
              4
            ],
            [
              -1,
              5,
              4
            ],
            [
              0,
              -3,
              4
            ],
            [
              0,
              -2,
              1
            ],
            [
              0,
              -1,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              0,
              3,
              2
            ],
            [
              1,
              -3,
              2
            ],
            [
              1,
              -2,
              4
            ],
            [
              1,
              -1,
              3
            ],
            [
              1,
              0,
              1
            ],
            [
              1,
              1,
              4
            ],
            [
              1,
              3,
              3
            ],
            [
              2,
              -4,
              1
            ],
            [
              2,
              -3,
              2
            ],
            [
              2,
              -2,
              1
            ],
            [
              2,
              -1,
              4
            ],
            [
              2,
              1,
              1
            ],
            [
              2,
              2,
              3
            ],
            [
              2,
              3,
              2
            ],
            [
              3,
              -3,
              1
            ],
            [
              3,
              0,
              1
            ],
            [
              3,
              1,
              1
            ],
            [
              3,
              2,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 138,
          "minimumNonzero": 26,
          "maximumNonzero": 103,
          "minimumLive": 9,
          "maximumLive": 40,
          "minimumBoundaryDistance": 87,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 26,
          "live": 12,
          "stateCounts": [
            49511,
            12,
            4,
            3,
            7
          ],
          "minimumBoundaryDistance": 123,
          "nonzeroCentroid": [
            1.5988161036601434,
            -0.46153846153846156
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "13941fdec6c0d34d8c00eb0fea584d784f3b39b8076edf754834c68ac25a84bb",
          "bounds": [
            -8.66025447845459,
            -8.5,
            9.52627944946289,
            10
          ]
        },
        {
          "t": 69,
          "active": 26,
          "live": 12,
          "stateCounts": [
            49511,
            12,
            4,
            3,
            7
          ],
          "minimumBoundaryDistance": 100,
          "nonzeroCentroid": [
            29.111777012164776,
            -24.346153846153847
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b748b68066fe029ccf1862f2e62007bc0b5d4bc495f915bc635ad71443c23ad9",
          "bounds": [
            22.516660690307617,
            -35.5,
            38.10511779785156,
            -15.5
          ]
        },
        {
          "t": 138,
          "active": 26,
          "live": 12,
          "stateCounts": [
            49511,
            12,
            4,
            3,
            7
          ],
          "minimumBoundaryDistance": 115,
          "nonzeroCentroid": [
            -5.329387082503392,
            -12.461538461538462
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "a9a4c16accbb9acc3fbfc1e21986b76d21d765cbe1a5454a1e87f297e0cb5f89",
          "bounds": [
            -15.588457107543945,
            -20.5,
            2.598076105117798,
            -2
          ]
        }
      ]
    },
    {
      "id": "hex-b234s13-c4-p23-traveller",
      "category": "Hexagonal travellers",
      "title": "Hexagonal p23 fast spaceship",
      "summary": "A four-state spaceship shifts by axial (10,-5) every 23 generations; its complete live and refractory state repeats exactly.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B234/S13",
      "generations": 4,
      "borderRings": 1,
      "speed": 10,
      "coordinateStates": [
        [
          -3,
          1,
          1
        ],
        [
          -3,
          4,
          1
        ],
        [
          -2,
          0,
          1
        ],
        [
          -2,
          1,
          1
        ],
        [
          -2,
          2,
          3
        ],
        [
          -2,
          3,
          1
        ],
        [
          -2,
          4,
          1
        ],
        [
          -1,
          0,
          2
        ],
        [
          -1,
          1,
          1
        ],
        [
          -1,
          2,
          1
        ],
        [
          -1,
          3,
          2
        ],
        [
          0,
          1,
          3
        ],
        [
          1,
          -2,
          3
        ],
        [
          1,
          -1,
          2
        ],
        [
          1,
          0,
          2
        ],
        [
          1,
          1,
          2
        ],
        [
          1,
          2,
          2
        ],
        [
          1,
          3,
          3
        ],
        [
          2,
          -3,
          1
        ],
        [
          2,
          -2,
          1
        ],
        [
          2,
          -1,
          3
        ],
        [
          2,
          0,
          1
        ],
        [
          2,
          1,
          3
        ],
        [
          2,
          2,
          1
        ],
        [
          2,
          3,
          1
        ],
        [
          3,
          -3,
          1
        ],
        [
          3,
          -2,
          1
        ],
        [
          3,
          1,
          1
        ],
        [
          3,
          2,
          1
        ]
      ],
      "expectedPeriod": 23,
      "moving": true,
      "translation": [
        10,
        -5
      ],
      "view": {
        "mode": "trajectory",
        "bounds": [
          -6.062177658081055,
          -52,
          85.73651123046875,
          8.5
        ],
        "steps": 138,
        "padding": 3
      },
      "provenance": {
        "status": "package-found",
        "credit": "Found by this package’s Generations search; discovery priority has not been established.",
        "note": "Generations campaign first, random seed 7522551138070962214, trial 50, original rule B2345/S135, source transient 15. The displayed rule B234/S13 removes B5 and S5, which are inactive throughout the verified travelling orbit. Rule simplification certifies the selected complete-state orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/generations/search.cpp",
          "research/hex-search/generations/analyse.py",
          "research/hex-search/generations/campaigns.json"
        ]
      },
      "catalogueCode": "X22",
      "ruleId": "R38",
      "cataloguePage": 79,
      "measurementText": "Least period p = 23; transient = 0; axial shift = (10, -5); cycle L = 15-30; cycle N = 29-62.",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hex-b234s13-c4-p23-traveller",
        "title": "Hexagonal p23 fast spaceship",
        "status": "package-found",
        "rule": "B234/S13",
        "states": 4,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -3,
            1,
            1
          ],
          [
            -3,
            4,
            1
          ],
          [
            -2,
            0,
            1
          ],
          [
            -2,
            1,
            1
          ],
          [
            -2,
            2,
            3
          ],
          [
            -2,
            3,
            1
          ],
          [
            -2,
            4,
            1
          ],
          [
            -1,
            0,
            2
          ],
          [
            -1,
            1,
            1
          ],
          [
            -1,
            2,
            1
          ],
          [
            -1,
            3,
            2
          ],
          [
            0,
            1,
            3
          ],
          [
            1,
            -2,
            3
          ],
          [
            1,
            -1,
            2
          ],
          [
            1,
            0,
            2
          ],
          [
            1,
            1,
            2
          ],
          [
            1,
            2,
            2
          ],
          [
            1,
            3,
            3
          ],
          [
            2,
            -3,
            1
          ],
          [
            2,
            -2,
            1
          ],
          [
            2,
            -1,
            3
          ],
          [
            2,
            0,
            1
          ],
          [
            2,
            1,
            3
          ],
          [
            2,
            2,
            1
          ],
          [
            2,
            3,
            1
          ],
          [
            3,
            -3,
            1
          ],
          [
            3,
            -2,
            1
          ],
          [
            3,
            1,
            1
          ],
          [
            3,
            2,
            1
          ]
        ],
        "preciseClaim": "The complete 4-state configuration has least translated period 23, with axial displacement (10, -5). Its recurrent orbit contains 15-30 live cells and 29-62 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice.",
        "limitations": [
          "No earlier exact-pattern match has been identified; worldwide discovery priority is not established.",
          "The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
        ],
        "suggestedIllustrationGenerations": [
          0,
          5,
          11,
          23
        ],
        "verificationFacts": {
          "kind": "spaceship",
          "transient": 0,
          "period": 23,
          "translation": [
            10,
            -5
          ],
          "liveRange": [
            15,
            30
          ],
          "activeRange": [
            29,
            62
          ],
          "unionSize": 143,
          "unionComponents": [
            143
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "S3": 110,
            "B2": 190,
            "S1": 96,
            "B4": 6,
            "B3": 38
          },
          "phaseStatesSha256": "5354ec0163bb1d8b58bf04144815be2788b418f6cd1613489fda9a3b39663729",
          "independentAuditReplay": "Complete least translated recurrence rechecked while preparing this catalogue.",
          "rotation": null,
          "source": "research/hex-reference.js",
          "maximumPopulationGeneration": 17,
          "maximumSupportGeneration": 17
        },
        "provenanceConcern": "Generations campaign first, random seed 7522551138070962214, trial 50, original rule B2345/S135, source transient 15. The displayed rule B234/S13 removes B5 and S5, which are inactive throughout the verified travelling orbit. Rule simplification certifies the selected complete-state orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. No earlier exact-pattern match was established in this audit; this records package provenance, not worldwide discovery priority.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/generations/search.cpp",
          "research/hex-search/generations/analyse.py",
          "research/hex-search/generations/campaigns.json"
        ],
        "scope": "main catalogue",
        "figureFraming": "Use a fixed coordinate frame for seed and translated return, or explicitly label any independently recentered panels. Include all refractory states.",
        "seedType": "A complete recurrent phase; its displayed generation 0 is not necessarily generation 0 of the search soup."
      },
      "attributionLabel": "Original to this package: configuration; no exact literature precedent identified in the reviewed sources as at 14 October 2026.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-b234s13-c4-p23-traveller",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B234/S13",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24001,
            1
          ],
          [
            24004,
            1
          ],
          [
            24255,
            1
          ],
          [
            24256,
            1
          ],
          [
            24257,
            3
          ],
          [
            24258,
            1
          ],
          [
            24259,
            1
          ],
          [
            24511,
            2
          ],
          [
            24512,
            1
          ],
          [
            24513,
            1
          ],
          [
            24514,
            2
          ],
          [
            24769,
            3
          ],
          [
            25023,
            3
          ],
          [
            25024,
            2
          ],
          [
            25025,
            2
          ],
          [
            25026,
            2
          ],
          [
            25027,
            2
          ],
          [
            25028,
            3
          ],
          [
            25278,
            1
          ],
          [
            25279,
            1
          ],
          [
            25280,
            3
          ],
          [
            25281,
            1
          ],
          [
            25282,
            3
          ],
          [
            25283,
            1
          ],
          [
            25284,
            1
          ],
          [
            25533,
            1
          ],
          [
            25534,
            1
          ],
          [
            25537,
            1
          ],
          [
            25538,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -3,
              1,
              1
            ],
            [
              -3,
              4,
              1
            ],
            [
              -2,
              0,
              1
            ],
            [
              -2,
              1,
              1
            ],
            [
              -2,
              2,
              3
            ],
            [
              -2,
              3,
              1
            ],
            [
              -2,
              4,
              1
            ],
            [
              -1,
              0,
              2
            ],
            [
              -1,
              1,
              1
            ],
            [
              -1,
              2,
              1
            ],
            [
              -1,
              3,
              2
            ],
            [
              0,
              1,
              3
            ],
            [
              1,
              -2,
              3
            ],
            [
              1,
              -1,
              2
            ],
            [
              1,
              0,
              2
            ],
            [
              1,
              1,
              2
            ],
            [
              1,
              2,
              2
            ],
            [
              1,
              3,
              3
            ],
            [
              2,
              -3,
              1
            ],
            [
              2,
              -2,
              1
            ],
            [
              2,
              -1,
              3
            ],
            [
              2,
              0,
              1
            ],
            [
              2,
              1,
              3
            ],
            [
              2,
              2,
              1
            ],
            [
              2,
              3,
              1
            ],
            [
              3,
              -3,
              1
            ],
            [
              3,
              -2,
              1
            ],
            [
              3,
              1,
              1
            ],
            [
              3,
              2,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 23,
          "minimumNonzero": 29,
          "maximumNonzero": 62,
          "minimumLive": 15,
          "maximumLive": 30,
          "minimumBoundaryDistance": 115,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 29,
          "live": 17,
          "stateCounts": [
            49508,
            17,
            6,
            6
          ],
          "minimumBoundaryDistance": 123,
          "nonzeroCentroid": [
            1.4035583857832283,
            1.1896551724137931
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "ec430b9a0ff3a38bc16594a4ac1558dfef521243355ada109fe13b53e2c3833a",
          "bounds": [
            -6.928203105926514,
            -7,
            9.52627944946289,
            8.5
          ]
        },
        {
          "t": 11,
          "active": 37,
          "live": 22,
          "stateCounts": [
            49500,
            22,
            7,
            8
          ],
          "minimumBoundaryDistance": 118,
          "nonzeroCentroid": [
            11.117893670056317,
            -4.418918918918919
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "34ae2928691737da81e3efd2ed88553e8cb75f7ec840af6edb66289d2c389c67",
          "bounds": [
            2.598076105117798,
            -13,
            19.05255889892578,
            4
          ]
        },
        {
          "t": 23,
          "active": 29,
          "live": 17,
          "stateCounts": [
            49508,
            17,
            6,
            6
          ],
          "minimumBoundaryDistance": 115,
          "nonzeroCentroid": [
            14.393939544414652,
            -6.310344827586207
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "c3034da806ade4cdde25d03c41d484c972961ca88993191ec2f0bf5ed993e3cb",
          "bounds": [
            6.062177658081055,
            -14.5,
            22.516660690307617,
            1
          ]
        }
      ]
    },
    {
      "id": "hex-b2s35-p5-traveller",
      "category": "Hexagonal travellers",
      "title": "Hexagonal B2/S35 p5 traveller",
      "summary": "A 12-cell phase of the published B2/S35 hexagonal spaceship translates by one axial cell every five generations; the complete state return is exact.",
      "tiling": "hex",
      "depth": 64,
      "neighborhood": "edge",
      "rule": "B2/S35",
      "generations": 2,
      "borderRings": 1,
      "speed": 5,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -5.196152210235596,
          -5.5,
          33.77499008178711,
          5.5
        ],
        "steps": 80,
        "padding": 4
      },
      "coordinateStates": [
        [
          -3,
          2,
          1
        ],
        [
          -2,
          1,
          1
        ],
        [
          -2,
          3,
          1
        ],
        [
          -1,
          -2,
          1
        ],
        [
          -1,
          -1,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          0,
          3,
          1
        ],
        [
          1,
          -3,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          2,
          0,
          1
        ],
        [
          3,
          -3,
          1
        ]
      ],
      "expectedPeriod": 5,
      "expectedPhasePopulations": [
        12,
        17,
        13,
        10,
        18,
        12
      ],
      "moving": true,
      "translation": [
        1,
        0
      ],
      "provenance": {
        "status": "published",
        "credit": "Known B2/S35 spaceship described by Carter Bays (2005), with a matching RLE published by John Cerkan (2016). Independently recovered for this package.",
        "note": "Bays Figure 3 documents a period-5, one-cell-displacement spaceship in rule 3,5/2, equivalent to B2/S35. Cerkan’s 22 January 2016 RLE is 2bo$o3bo$2bo$bo2bo$6bo$2bo2bo$4bo!. Mapping Golly coordinates by (q,r)=(x,y-x) and comparing every complete orbit state proves exact equivalence to the catalogue: phase shift 2, rotation by one 60-degree step, no reflection, translation (3,0). The package’s independent constrained-search recovery does not make this a new spaceship. The earlier paper supplies scholarly context; its drawing was not independently transcribed in this audit.",
        "sources": [
          {
            "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
            "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
          },
          {
            "label": "Bays (2005), Figures 3 and 4",
            "url": "https://wpmedia.wolfram.com/uploads/sites/13/2018/02/15-3-4.pdf"
          },
          {
            "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
          }
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "test-traveller-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js"
        ]
      },
      "catalogueCode": "X23",
      "ruleId": "R34",
      "cataloguePage": 80,
      "measurementText": ".",
      "fixedView": false,
      "sourceReferences": [
        11,
        15,
        19
      ],
      "audit": {
        "id": "hex-b2s35-p5-traveller",
        "title": "Hexagonal B2/S35 p5 traveller",
        "status": "published",
        "rule": "B2/S35",
        "states": 2,
        "neighbourhood": "edge",
        "scientificClaim": "A 12-cell phase of the published B2/S35 hexagonal spaceship translates by one axial cell every five generations; the complete state return is exact.",
        "interpretation": "The supplied 12-live-cell phase recurs after five updates, shifted by axial (1,0). Exact orbit comparison identifies it with the published spaceship after a phase change, rotation and translation.",
        "limitations": "The exact translated recurrence establishes indefinite travel on the unbounded uniform hexagonal lattice, before any finite-board boundary effect. A different phase or orientation is not a separate discovery.",
        "illustrationGenerations": [
          0,
          2,
          5
        ],
        "provenance": {
          "status": "published",
          "credit": "Known B2/S35 spaceship described by Carter Bays (2005), with a matching RLE published by John Cerkan (2016). Independently recovered for this package.",
          "note": "Bays Figure 3 documents a period-5, one-cell-displacement spaceship in rule 3,5/2, equivalent to B2/S35. Cerkan’s 22 January 2016 RLE is 2bo$o3bo$2bo$bo2bo$6bo$2bo2bo$4bo!. Mapping Golly coordinates by (q,r)=(x,y-x) and comparing every complete orbit state proves exact equivalence to the catalogue: phase shift 2, rotation by one 60-degree step, no reflection, translation (3,0). The package’s independent constrained-search recovery does not make this a new spaceship. The earlier paper supplies scholarly context; its drawing was not independently transcribed in this audit.",
          "sources": [
            {
              "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
              "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
            },
            {
              "label": "Bays (2005), Figures 3 and 4",
              "url": "https://wpmedia.wolfram.com/uploads/sites/13/2018/02/15-3-4.pdf"
            },
            {
              "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
              "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
            }
          ],
          "evidence": [
            "discoveries.js",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js",
            "test-traveller-evidence.js",
            "research/fixtures/hex-published-provenance.json",
            "research/verify-hex-published-provenance.js"
          ]
        },
        "sources": [
          {
            "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
            "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
          },
          {
            "label": "Bays (2005), Figures 3 and 4",
            "url": "https://wpmedia.wolfram.com/uploads/sites/13/2018/02/15-3-4.pdf"
          },
          {
            "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
          }
        ],
        "evidence": [
          "discoveries.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "test-traveller-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b2s35-p5-traveller",
          "title": "Hexagonal B2/S35 p5 traveller",
          "category": "Hexagonal travellers",
          "tiling": "hex",
          "cells": 12481,
          "neighborhood": "edge",
          "rule": "B2/S35",
          "generations": 2,
          "kind": "spaceship benchmark",
          "steps": 5,
          "translation": [
            1,
            0
          ],
          "liveCells": 12,
          "phasePopulations": [
            12,
            17,
            13,
            10,
            18,
            12
          ],
          "ruleClauseActivity": []
        },
        "metrics": {
          "steps": 5,
          "translation": [
            1,
            0
          ],
          "kind": "spaceship",
          "transient": 0,
          "period": 5,
          "liveRange": [
            10,
            18
          ],
          "activeRange": [
            10,
            18
          ],
          "unionSize": 41,
          "unionComponents": [
            41
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "B2": 62,
            "S3": 8
          },
          "phaseStatesSha256": "6b64c550c6dad99f99c9dc857be7086d3ce92ff8e713fd7d3eccd452babbaf28"
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Previously published spaceship: John Cerkan’s B2/S35 RLE (2016) [15]; Carter Bays describes this rule and motion in 2005 [11, 19], Fig. 3. Independently recovered here.",
      "citationGroups": [
        {
          "label": "Executable seed source: John Cerkan’s 2016 RLE, compared through its full orbit",
          "references": [
            15
          ]
        },
        {
          "label": "Earlier scholarly account: Bays (2005), Figure 3; the drawing was not independently transcribed",
          "references": [
            11,
            19
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b2s35-p5-traveller",
        "tiling": "hex",
        "depth": 64,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S35",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 12481,
        "verticesPerTile": 6,
        "geometrySHA256": "5e3544dd21090ab0bfc33bca6c71e5770a9553db151eb3c682ae4b3bb41fb026",
        "graphSHA256": "e11b75225880b373caff63123345b600da3cac3892aca55bbb46c47c4f608b74",
        "initialCellStates": [
          [
            5858,
            1
          ],
          [
            5984,
            1
          ],
          [
            5986,
            1
          ],
          [
            6109,
            1
          ],
          [
            6110,
            1
          ],
          [
            6240,
            1
          ],
          [
            6243,
            1
          ],
          [
            6366,
            1
          ],
          [
            6370,
            1
          ],
          [
            6496,
            1
          ],
          [
            6497,
            1
          ],
          [
            6621,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -3,
              2,
              1
            ],
            [
              -2,
              1,
              1
            ],
            [
              -2,
              3,
              1
            ],
            [
              -1,
              -2,
              1
            ],
            [
              -1,
              -1,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              0,
              3,
              1
            ],
            [
              1,
              -3,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              2,
              0,
              1
            ],
            [
              3,
              -3,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 5,
          "minimumNonzero": 10,
          "maximumNonzero": 18,
          "minimumLive": 10,
          "maximumLive": 18,
          "minimumBoundaryDistance": 60,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 12,
          "live": 12,
          "stateCounts": [
            12469,
            12
          ],
          "minimumBoundaryDistance": 61,
          "nonzeroCentroid": [
            -9.934107462565104e-09,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "afb71b970a0be8892e37490050f1bf1974b6e9fedd8bf7913d18968cdefeda80",
          "bounds": [
            -6.062177658081055,
            -7,
            6.062177658081055,
            7
          ]
        },
        {
          "t": 2,
          "active": 13,
          "live": 13,
          "stateCounts": [
            12468,
            13
          ],
          "minimumBoundaryDistance": 60,
          "nonzeroCentroid": [
            0.9326426982879639,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6a5c2c193508973e801eb7c673d377802a260ef396c8d32c38070d88d008d47b",
          "bounds": [
            -6.062177658081055,
            -7,
            7.794228553771973,
            7
          ]
        },
        {
          "t": 5,
          "active": 12,
          "live": 12,
          "stateCounts": [
            12469,
            12
          ],
          "minimumBoundaryDistance": 60,
          "nonzeroCentroid": [
            1.7320508658885956,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "581e2c6d9271ac1af1a28c4a6727536cfd9a9930a36a29449d979f719d83ab35",
          "bounds": [
            -4.330127239227295,
            -7,
            7.794228553771973,
            7
          ]
        }
      ]
    },
    {
      "id": "hex-b245s3-p10-traveller",
      "category": "Hexagonal travellers",
      "title": "Hexagonal B245/S3 p10 traveller",
      "summary": "This nine-cell two-state spaceship translates by two axial cells every ten generations. Its exact recurrence and the use of every B245/S3 rule clause are verified.",
      "tiling": "hex",
      "depth": 64,
      "neighborhood": "edge",
      "rule": "B245/S3",
      "generations": 2,
      "borderRings": 1,
      "speed": 5,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -4.330127239227295,
          -8.5,
          40.70319366455078,
          8.5
        ],
        "steps": 100,
        "padding": 4
      },
      "coordinateStates": [
        [
          -2,
          2,
          1
        ],
        [
          -1,
          0,
          1
        ],
        [
          0,
          -2,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          0,
          3,
          1
        ],
        [
          1,
          -1,
          1
        ],
        [
          2,
          1,
          1
        ],
        [
          3,
          -3,
          1
        ],
        [
          3,
          -1,
          1
        ]
      ],
      "expectedPeriod": 10,
      "expectedPhasePopulations": [
        9,
        13,
        17,
        18,
        16,
        17,
        15,
        16,
        15,
        11,
        9
      ],
      "expectedRuleClauses": [
        {
          "kind": "birth",
          "liveNeighbors": 2,
          "count": 90,
          "lastToGeneration": 10
        },
        {
          "kind": "birth",
          "liveNeighbors": 4,
          "count": 32,
          "lastToGeneration": 10
        },
        {
          "kind": "birth",
          "liveNeighbors": 5,
          "count": 3,
          "lastToGeneration": 4
        },
        {
          "kind": "survival",
          "liveNeighbors": 3,
          "count": 22,
          "lastToGeneration": 6
        }
      ],
      "moving": true,
      "translation": [
        2,
        0
      ],
      "provenance": {
        "status": "published",
        "credit": "Published Golly example, corresponding to the B245/S3 spaceship described by Carter Bays (2005).",
        "note": "The catalogue is D6-equivalent to Golly’s official QuickLife hexagonal example, RLE obo$4bo$2bo$bo2bobo$3bo$5bo!, using (q,r)=(x,y-x). Complete-state replay verifies period 10 and a two-cell displacement. Bays Figure 4 documents this rule and motion. Golly’s page does not itself name Bays, so distinguish the executable pattern source from scholarly context; this is not a new package discovery.",
        "sources": [
          {
            "label": "Golly QuickLife documentation, hexagonal neighbourhood example",
            "url": "https://golly.sourceforge.io/Help/Algorithms/QuickLife.html"
          },
          {
            "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
            "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
          },
          {
            "label": "Bays (2005), Figures 3 and 4",
            "url": "https://wpmedia.wolfram.com/uploads/sites/13/2018/02/15-3-4.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/hex-b245s3-source.json",
          "test-traveller-evidence.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js"
        ]
      },
      "catalogueCode": "X24",
      "ruleId": "R48",
      "cataloguePage": 81,
      "measurementText": ".",
      "fixedView": false,
      "sourceReferences": [
        11,
        14,
        19
      ],
      "audit": {
        "id": "hex-b245s3-p10-traveller",
        "title": "Hexagonal B245/S3 p10 traveller",
        "status": "published",
        "rule": "B245/S3",
        "states": 2,
        "neighbourhood": "edge",
        "scientificClaim": "This nine-cell two-state spaceship translates by two axial cells every ten generations. Its exact recurrence and the use of every B245/S3 rule clause are verified.",
        "interpretation": "The complete nine-cell starting phase recurs after ten updates with axial shift (2,0). Golly’s executable example is the direct seed source; Bays supplies scholarly context for the rule and motion.",
        "limitations": "All B245/S3 clauses are used somewhere in the cycle. The finite browser board eventually truncates travel; the unbounded-lattice cycle follows from exact translation recurrence.",
        "illustrationGenerations": [
          0,
          5,
          10
        ],
        "provenance": {
          "status": "published",
          "credit": "Published Golly example, corresponding to the B245/S3 spaceship described by Carter Bays (2005).",
          "note": "The catalogue is D6-equivalent to Golly’s official QuickLife hexagonal example, RLE obo$4bo$2bo$bo2bobo$3bo$5bo!, using (q,r)=(x,y-x). Complete-state replay verifies period 10 and a two-cell displacement. Bays Figure 4 documents this rule and motion. Golly’s page does not itself name Bays, so distinguish the executable pattern source from scholarly context; this is not a new package discovery.",
          "sources": [
            {
              "label": "Golly QuickLife documentation, hexagonal neighbourhood example",
              "url": "https://golly.sourceforge.io/Help/Algorithms/QuickLife.html"
            },
            {
              "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
              "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
            },
            {
              "label": "Bays (2005), Figures 3 and 4",
              "url": "https://wpmedia.wolfram.com/uploads/sites/13/2018/02/15-3-4.pdf"
            }
          ],
          "evidence": [
            "research/fixtures/hex-b245s3-source.json",
            "test-traveller-evidence.js",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js",
            "research/fixtures/hex-published-provenance.json",
            "research/verify-hex-published-provenance.js"
          ]
        },
        "sources": [
          {
            "label": "Golly QuickLife documentation, hexagonal neighbourhood example",
            "url": "https://golly.sourceforge.io/Help/Algorithms/QuickLife.html"
          },
          {
            "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
            "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
          },
          {
            "label": "Bays (2005), Figures 3 and 4",
            "url": "https://wpmedia.wolfram.com/uploads/sites/13/2018/02/15-3-4.pdf"
          }
        ],
        "evidence": [
          "research/fixtures/hex-b245s3-source.json",
          "test-traveller-evidence.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b245s3-p10-traveller",
          "title": "Hexagonal B245/S3 p10 traveller",
          "category": "Hexagonal travellers",
          "tiling": "hex",
          "cells": 12481,
          "neighborhood": "edge",
          "rule": "B245/S3",
          "generations": 2,
          "kind": "spaceship benchmark",
          "steps": 10,
          "translation": [
            2,
            0
          ],
          "liveCells": 9,
          "phasePopulations": [
            9,
            13,
            17,
            18,
            16,
            17,
            15,
            16,
            15,
            11,
            9
          ],
          "ruleClauseActivity": [
            {
              "kind": "birth",
              "liveNeighbors": 2,
              "count": 90,
              "lastToGeneration": 10
            },
            {
              "kind": "birth",
              "liveNeighbors": 4,
              "count": 32,
              "lastToGeneration": 10
            },
            {
              "kind": "birth",
              "liveNeighbors": 5,
              "count": 3,
              "lastToGeneration": 4
            },
            {
              "kind": "survival",
              "liveNeighbors": 3,
              "count": 22,
              "lastToGeneration": 6
            }
          ]
        },
        "metrics": {
          "steps": 10,
          "translation": [
            2,
            0
          ],
          "kind": "spaceship",
          "transient": 0,
          "period": 10,
          "liveRange": [
            9,
            18
          ],
          "activeRange": [
            9,
            18
          ],
          "unionSize": 54,
          "unionComponents": [
            54
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "B2": 90,
            "S3": 22,
            "B4": 32,
            "B5": 3
          },
          "phaseStatesSha256": "ad133851becf0df2ba21c0905ffd1dc91053d060e9102695848a43f985c3d882"
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Previously published spaceship: Golly’s B245/S3H QuickLife example [14]. Carter Bays documents the rule and motion in 2005 [11, 19], Fig. 4; the executable seed is Golly’s.",
      "citationGroups": [
        {
          "label": "Executable seed source: Golly’s official QuickLife example, compared through its full orbit",
          "references": [
            14
          ]
        },
        {
          "label": "Earlier scholarly account: Bays (2005), Figure 4",
          "references": [
            11,
            19
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b245s3-p10-traveller",
        "tiling": "hex",
        "depth": 64,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B245/S3",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 12481,
        "verticesPerTile": 6,
        "geometrySHA256": "5e3544dd21090ab0bfc33bca6c71e5770a9553db151eb3c682ae4b3bb41fb026",
        "graphSHA256": "e11b75225880b373caff63123345b600da3cac3892aca55bbb46c47c4f608b74",
        "initialCellStates": [
          [
            5985,
            1
          ],
          [
            6111,
            1
          ],
          [
            6238,
            1
          ],
          [
            6241,
            1
          ],
          [
            6243,
            1
          ],
          [
            6368,
            1
          ],
          [
            6498,
            1
          ],
          [
            6621,
            1
          ],
          [
            6623,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -2,
              2,
              1
            ],
            [
              -1,
              0,
              1
            ],
            [
              0,
              -2,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              0,
              3,
              1
            ],
            [
              1,
              -1,
              1
            ],
            [
              2,
              1,
              1
            ],
            [
              3,
              -3,
              1
            ],
            [
              3,
              -1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 10,
          "minimumNonzero": 9,
          "maximumNonzero": 18,
          "minimumLive": 9,
          "maximumLive": 18,
          "minimumBoundaryDistance": 59,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 9,
          "live": 9,
          "stateCounts": [
            12472,
            9
          ],
          "minimumBoundaryDistance": 61,
          "nonzeroCentroid": [
            1.1547005706363254,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "49364dc98ab14ab6d2ed9be1692f671408316c679f08dce6671d5c52710d7fa2",
          "bounds": [
            -4.330127239227295,
            -7,
            6.928203105926514,
            7
          ]
        },
        {
          "t": 5,
          "active": 17,
          "live": 17,
          "stateCounts": [
            12464,
            17
          ],
          "minimumBoundaryDistance": 60,
          "nonzeroCentroid": [
            2.649018834618961,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "045a6fdd1607ee8fcaad016f5a32f9003c34eea5efb1688a4b4f198a9ca4a65f",
          "bounds": [
            -3.464101552963257,
            -7,
            7.794228553771973,
            7
          ]
        },
        {
          "t": 10,
          "active": 9,
          "live": 9,
          "stateCounts": [
            12472,
            9
          ],
          "minimumBoundaryDistance": 59,
          "nonzeroCentroid": [
            4.6188021368450585,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "02fb79f5f6301fb0d7db4b53d911623bd98940ba75faaa48cd0b18450926f4f2",
          "bounds": [
            -0.8660253882408142,
            -7,
            10.392304420471191,
            7
          ]
        }
      ]
    },
    {
      "id": "hex-b235s146-c4-launcher-traveller",
      "category": "Hexagonal travellers",
      "title": "Hexagonal B235/S146 four-state launcher",
      "summary": "A twelve-cell seed uses three launch-only clauses before settling at generation 21 into an exact period-10 traveller that advances five axial cells per cycle.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B235/S146",
      "generations": 4,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -171.4730224609375,
          -13,
          10.392304420471191,
          13
        ],
        "steps": 200,
        "padding": 4
      },
      "coordinateStates": [
        [
          -3,
          2,
          1
        ],
        [
          -2,
          1,
          1
        ],
        [
          -2,
          3,
          1
        ],
        [
          -1,
          -2,
          1
        ],
        [
          -1,
          -1,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          0,
          3,
          1
        ],
        [
          1,
          -3,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          2,
          0,
          1
        ],
        [
          3,
          -3,
          1
        ]
      ],
      "expectedTravel": {
        "steps": 200,
        "minimumDisplacement": 168,
        "minimumDirectionality": 0.95,
        "maximumRadius": 22,
        "minimumActive": 12,
        "maximumActive": 53,
        "minimumLive": 6,
        "maximumLive": 26,
        "minimumBoundaryDistance": 28,
        "connectedThroughout": false,
        "expectedRuleClauses": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 871,
            "lastToGeneration": 200
          },
          {
            "kind": "birth",
            "liveNeighbors": 3,
            "count": 370,
            "lastToGeneration": 200
          },
          {
            "kind": "birth",
            "liveNeighbors": 5,
            "count": 2,
            "lastToGeneration": 2
          },
          {
            "kind": "survival",
            "liveNeighbors": 1,
            "count": 727,
            "lastToGeneration": 200
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 17,
            "lastToGeneration": 10
          },
          {
            "kind": "survival",
            "liveNeighbors": 6,
            "count": 2,
            "lastToGeneration": 2
          }
        ],
        "translatedReturn": {
          "fromGeneration": 21,
          "toGeneration": 31,
          "dx": -8.660254041353861,
          "dy": 0,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          2599405182,
          2572184891
        ],
        "finalCellStates": [
          [
            4021,
            1
          ],
          [
            4022,
            1
          ],
          [
            4023,
            1
          ],
          [
            4177,
            1
          ],
          [
            4178,
            1
          ],
          [
            4179,
            3
          ],
          [
            4180,
            1
          ],
          [
            4334,
            1
          ],
          [
            4335,
            2
          ],
          [
            4336,
            2
          ],
          [
            4337,
            3
          ],
          [
            4492,
            1
          ],
          [
            4493,
            1
          ],
          [
            4494,
            2
          ],
          [
            4499,
            3
          ],
          [
            4652,
            1
          ],
          [
            4653,
            3
          ],
          [
            4654,
            3
          ],
          [
            4813,
            1
          ],
          [
            4814,
            1
          ],
          [
            5141,
            3
          ]
        ]
      },
      "provenance": {
        "status": "adapted",
        "credit": "Package rule adaptation of the published B2/S35 spaceship geometry (Bays; Cerkan). Priority of this multistate launcher has not been established.",
        "note": "The initial twelve live-cell coordinates are identical to the package’s published B2/S35 p5 spaceship phase, but the rule is changed to B235/S146 with 4 states. After 21 generations the seed becomes a period-10 spaceship translating (-5,0). Credit Bays and Cerkan for the starting pattern, not for these changed-rule dynamics. The package establishes this particular adaptation and verifies its launch and eventual complete-state recurrence; it does not establish worldwide priority for the launcher or resulting ship.",
        "sources": [
          {
            "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
            "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
          },
          {
            "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
          }
        ],
        "evidence": [
          "discoveries.js",
          "docs/RULE_SURVEY.md",
          "test-traveller-evidence.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js"
        ]
      },
      "catalogueCode": "X25",
      "ruleId": "R44",
      "cataloguePage": 82,
      "measurementText": "Verified through t = 200; N = 12-53; 200-step replay minimum boundary distance = 28.",
      "fixedView": false,
      "sourceReferences": [
        11,
        15
      ],
      "audit": {
        "id": "hex-b235s146-c4-launcher-traveller",
        "title": "Hexagonal B235/S146 four-state launcher",
        "status": "adapted",
        "rule": "B235/S146",
        "states": 4,
        "neighbourhood": "edge",
        "scientificClaim": "A twelve-cell seed uses three launch-only clauses before settling at generation 21 into an exact period-10 traveller that advances five axial cells per cycle.",
        "interpretation": "The starting geometry is the published 12-cell B2/S35 spaceship phase, but B235/S146 and four states change its dynamics. After 21 updates it settles into a period-10 spaceship with axial displacement (-5,0).",
        "limitations": "This is a changed-rule adaptation and a one-off launch, not a gun. Birth at five live edge-neighbours and survival at four or six occur only during ignition; absence from the final cycle does not make a clause dispensable for the launch. Bays and Cerkan are credited for the seed geometry, not for these changed-rule dynamics; historical priority remains unestablished.",
        "illustrationGenerations": [
          0,
          21,
          31
        ],
        "provenance": {
          "status": "adapted",
          "credit": "Package rule adaptation of the published B2/S35 spaceship geometry (Bays; Cerkan). Priority of this multistate launcher has not been established.",
          "note": "The initial twelve live-cell coordinates are identical to the package’s published B2/S35 p5 spaceship phase, but the rule is changed to B235/S146 with 4 states. After 21 generations the seed becomes a period-10 spaceship translating (-5,0). Credit Bays and Cerkan for the starting pattern, not for these changed-rule dynamics. The package establishes this particular adaptation and verifies its launch and eventual complete-state recurrence; it does not establish worldwide priority for the launcher or resulting ship.",
          "sources": [
            {
              "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
              "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
            },
            {
              "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
              "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
            }
          ],
          "evidence": [
            "discoveries.js",
            "docs/RULE_SURVEY.md",
            "test-traveller-evidence.js",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js"
          ]
        },
        "sources": [
          {
            "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
            "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
          },
          {
            "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
          }
        ],
        "evidence": [
          "discoveries.js",
          "docs/RULE_SURVEY.md",
          "test-traveller-evidence.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b235s146-c4-launcher-traveller",
          "title": "Hexagonal B235/S146 four-state launcher",
          "category": "Hexagonal travellers",
          "tiling": "hex",
          "cells": 49537,
          "neighborhood": "edge",
          "rule": "B235/S146",
          "generations": 4,
          "kind": "compact finite traveller",
          "verifiedThrough": 200,
          "initialActive": 12,
          "finalActive": 21,
          "minimumActive": 12,
          "maximumActive": 53,
          "minimumLive": 6,
          "maximumLive": 26,
          "maximumRadius": 21.991562388345375,
          "minimumBoundaryDistance": 28,
          "displacement": 168.8337162463438,
          "directionality": 0.9574962832724487,
          "maximumSupportComponents": 9,
          "disconnectedGenerations": [
            0,
            5,
            6,
            7,
            8,
            10,
            11,
            12,
            13,
            14,
            15,
            16,
            17,
            18,
            19,
            20,
            23,
            25,
            30,
            33,
            35,
            40,
            43,
            45,
            50,
            53,
            55,
            60,
            63,
            65,
            70,
            73,
            75,
            80,
            83,
            85,
            90,
            93,
            95,
            100,
            103,
            105,
            110,
            113,
            115,
            120,
            123,
            125,
            130,
            133,
            135,
            140,
            143,
            145,
            150,
            153,
            155,
            160,
            163,
            165,
            170,
            173,
            175,
            180,
            183,
            185,
            190,
            193,
            195,
            200
          ],
          "requiredBirthCount": 0,
          "ruleClauseActivity": [
            {
              "kind": "birth",
              "liveNeighbors": 2,
              "count": 871,
              "lastToGeneration": 200
            },
            {
              "kind": "birth",
              "liveNeighbors": 3,
              "count": 370,
              "lastToGeneration": 200
            },
            {
              "kind": "birth",
              "liveNeighbors": 5,
              "count": 2,
              "lastToGeneration": 2
            },
            {
              "kind": "survival",
              "liveNeighbors": 1,
              "count": 727,
              "lastToGeneration": 200
            },
            {
              "kind": "survival",
              "liveNeighbors": 4,
              "count": 17,
              "lastToGeneration": 10
            },
            {
              "kind": "survival",
              "liveNeighbors": 6,
              "count": 2,
              "lastToGeneration": 2
            }
          ],
          "translatedReturn": {
            "fromGeneration": 21,
            "toGeneration": 31,
            "dx": -8.660254041353861,
            "dy": 0,
            "neighborhoodRadius": 3
          },
          "finalHash": [
            2599405182,
            2572184891
          ]
        },
        "metrics": {
          "minimumBoundaryDistance": 28,
          "verifiedThrough": 200,
          "kind": "spaceship",
          "transient": 21,
          "period": 10,
          "translation": [
            -5,
            0
          ],
          "liveRange": [
            6,
            12
          ],
          "activeRange": [
            13,
            27
          ],
          "unionSize": 70,
          "unionComponents": [
            70
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "S1": 34,
            "B3": 18,
            "B2": 39
          },
          "phaseStatesSha256": "b3a61db8d82e26731ff3e69de89ceaf9a35029b9e81f3452561127cdb2617eab"
        },
        "provenanceConfidence": "Parent rule, mechanism or seed is identified; changed-rule behaviour is a package adaptation and historical priority is unestablished."
      },
      "attributionLabel": "Adapted seed: John Cerkan’s published B2/S35 spaceship (X23) [15], with Bays’s earlier account [11]. The twelve live cells now use B235/S146, C = 4 (R44).",
      "citationGroups": [
        {
          "label": "Exact parent seed: Cerkan’s B2/S35 spaceship, reproduced in catalogue entry X23; the changed rule is R44",
          "references": [
            15
          ]
        },
        {
          "label": "Earlier scholarly account of the parent B2/S35 rule and motion: Bays (2005), Figure 3",
          "references": [
            11
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b235s146-c4-launcher-traveller",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B235/S146",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24002,
            1
          ],
          [
            24256,
            1
          ],
          [
            24258,
            1
          ],
          [
            24509,
            1
          ],
          [
            24510,
            1
          ],
          [
            24768,
            1
          ],
          [
            24771,
            1
          ],
          [
            25022,
            1
          ],
          [
            25026,
            1
          ],
          [
            25280,
            1
          ],
          [
            25281,
            1
          ],
          [
            25533,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -3,
              2,
              1
            ],
            [
              -2,
              1,
              1
            ],
            [
              -2,
              3,
              1
            ],
            [
              -1,
              -2,
              1
            ],
            [
              -1,
              -1,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              0,
              3,
              1
            ],
            [
              1,
              -3,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              2,
              0,
              1
            ],
            [
              3,
              -3,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 31,
          "minimumNonzero": 12,
          "maximumNonzero": 53,
          "minimumLive": 6,
          "maximumLive": 26,
          "minimumBoundaryDistance": 112,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 12,
          "live": 12,
          "stateCounts": [
            49525,
            12,
            0,
            0
          ],
          "minimumBoundaryDistance": 125,
          "nonzeroCentroid": [
            -9.934107462565104e-09,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b106e54ff1f7ddc985c6c68d0ef273522473160f4b0c15f633b32ec2d584ac98",
          "bounds": [
            -6.062177658081055,
            -7,
            6.062177658081055,
            7
          ]
        },
        {
          "t": 21,
          "active": 24,
          "live": 11,
          "stateCounts": [
            49513,
            11,
            10,
            3
          ],
          "minimumBoundaryDistance": 117,
          "nonzeroCentroid": [
            -13.928575237592062,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "80dfef8bd9af68e8fdd65e52a4c838fd5912a219df9f506ea50f3695691ef166",
          "bounds": [
            -18.186532974243164,
            -10,
            -8.66025447845459,
            10
          ]
        },
        {
          "t": 31,
          "active": 24,
          "live": 11,
          "stateCounts": [
            49513,
            11,
            10,
            3
          ],
          "minimumBoundaryDistance": 112,
          "nonzeroCentroid": [
            -22.588829278945923,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "df9faccee83db7fa714d855a05eeab703c4697c361185415bc7803366960fbff",
          "bounds": [
            -26.84678840637207,
            -10,
            -17.32050895690918,
            10
          ]
        }
      ]
    },
    {
      "id": "hex-b235s134-c5-launcher-traveller",
      "category": "Hexagonal travellers",
      "title": "Hexagonal B235/S134 five-state launcher",
      "summary": "The same twelve-cell seed under a five-state rule uses seven essential B5 births, then condenses into an eight-to-ten-cell period-4 traveller at generation 58.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B235/S134",
      "generations": 5,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -11.258330345153809,
          -14.5,
          135.9659881591797,
          14.5
        ],
        "steps": 200,
        "padding": 4
      },
      "coordinateStates": [
        [
          -3,
          2,
          1
        ],
        [
          -2,
          1,
          1
        ],
        [
          -2,
          3,
          1
        ],
        [
          -1,
          -2,
          1
        ],
        [
          -1,
          -1,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          0,
          3,
          1
        ],
        [
          1,
          -3,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          2,
          0,
          1
        ],
        [
          3,
          -3,
          1
        ]
      ],
      "expectedTravel": {
        "steps": 200,
        "minimumDisplacement": 132,
        "minimumDirectionality": 0.8,
        "maximumRadius": 17.37,
        "minimumActive": 8,
        "maximumActive": 94,
        "minimumLive": 3,
        "maximumLive": 45,
        "minimumBoundaryDistance": 50,
        "connectedThroughout": false,
        "expectedRuleClauses": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 465,
            "lastToGeneration": 199
          },
          {
            "kind": "birth",
            "liveNeighbors": 3,
            "count": 168,
            "lastToGeneration": 200
          },
          {
            "kind": "birth",
            "liveNeighbors": 5,
            "count": 7,
            "lastToGeneration": 32
          },
          {
            "kind": "survival",
            "liveNeighbors": 1,
            "count": 475,
            "lastToGeneration": 200
          },
          {
            "kind": "survival",
            "liveNeighbors": 3,
            "count": 402,
            "lastToGeneration": 200
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 123,
            "lastToGeneration": 197
          }
        ],
        "translatedReturn": {
          "fromGeneration": 58,
          "toGeneration": 62,
          "dx": 3.4641016125679016,
          "dy": 0,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          727694774,
          2253692016
        ],
        "finalCellStates": [
          [
            41085,
            3
          ],
          [
            41268,
            4
          ],
          [
            41450,
            1
          ],
          [
            41451,
            3
          ],
          [
            41630,
            3
          ],
          [
            41631,
            1
          ],
          [
            41632,
            1
          ],
          [
            41810,
            1
          ],
          [
            41811,
            1
          ]
        ]
      },
      "provenance": {
        "status": "adapted",
        "credit": "Package rule adaptation of the published B2/S35 spaceship geometry (Bays; Cerkan). Priority of this multistate launcher has not been established.",
        "note": "The initial twelve live-cell coordinates are identical to the package’s published B2/S35 p5 spaceship phase, but the rule is changed to B235/S134 with 5 states. After 58 generations the seed becomes a period-4 spaceship translating (2,0). Credit Bays and Cerkan for the starting pattern, not for these changed-rule dynamics. The package establishes this particular adaptation and verifies its launch and eventual complete-state recurrence; it does not establish worldwide priority for the launcher or resulting ship.",
        "sources": [
          {
            "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
            "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
          },
          {
            "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
          }
        ],
        "evidence": [
          "discoveries.js",
          "docs/RULE_SURVEY.md",
          "test-traveller-evidence.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js"
        ]
      },
      "catalogueCode": "X26",
      "ruleId": "R43",
      "cataloguePage": 83,
      "measurementText": "Verified through t = 200; N = 8-94; 200-step replay minimum boundary distance = 50.",
      "fixedView": false,
      "sourceReferences": [
        11,
        15
      ],
      "audit": {
        "id": "hex-b235s134-c5-launcher-traveller",
        "title": "Hexagonal B235/S134 five-state launcher",
        "status": "adapted",
        "rule": "B235/S134",
        "states": 5,
        "neighbourhood": "edge",
        "scientificClaim": "The same twelve-cell seed under a five-state rule uses seven essential B5 births, then condenses into an eight-to-ten-cell period-4 traveller at generation 58.",
        "interpretation": "The same published 12-cell geometry, under B235/S134 with five states, settles at generation 58 into a period-4 spaceship shifted by axial (2,0). The final cycle has eight to ten nonzero cells.",
        "limitations": "Seven births with exactly five live edge-neighbours occur during ignition, last entering generation 32; removing this birth clause before launch changes the example. It is a one-off launch and credited seed adaptation. Historical priority for the altered dynamics remains unestablished.",
        "illustrationGenerations": [
          0,
          58,
          62
        ],
        "provenance": {
          "status": "adapted",
          "credit": "Package rule adaptation of the published B2/S35 spaceship geometry (Bays; Cerkan). Priority of this multistate launcher has not been established.",
          "note": "The initial twelve live-cell coordinates are identical to the package’s published B2/S35 p5 spaceship phase, but the rule is changed to B235/S134 with 5 states. After 58 generations the seed becomes a period-4 spaceship translating (2,0). Credit Bays and Cerkan for the starting pattern, not for these changed-rule dynamics. The package establishes this particular adaptation and verifies its launch and eventual complete-state recurrence; it does not establish worldwide priority for the launcher or resulting ship.",
          "sources": [
            {
              "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
              "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
            },
            {
              "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
              "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
            }
          ],
          "evidence": [
            "discoveries.js",
            "docs/RULE_SURVEY.md",
            "test-traveller-evidence.js",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js"
          ]
        },
        "sources": [
          {
            "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
            "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
          },
          {
            "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
          }
        ],
        "evidence": [
          "discoveries.js",
          "docs/RULE_SURVEY.md",
          "test-traveller-evidence.js",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b235s134-c5-launcher-traveller",
          "title": "Hexagonal B235/S134 five-state launcher",
          "category": "Hexagonal travellers",
          "tiling": "hex",
          "cells": 49537,
          "neighborhood": "edge",
          "rule": "B235/S134",
          "generations": 5,
          "kind": "compact finite traveller",
          "verifiedThrough": 200,
          "initialActive": 12,
          "finalActive": 9,
          "minimumActive": 8,
          "maximumActive": 94,
          "minimumLive": 3,
          "maximumLive": 45,
          "maximumRadius": 17.35987288166176,
          "minimumBoundaryDistance": 50,
          "displacement": 132.4056600034237,
          "directionality": 0.807384263912178,
          "maximumSupportComponents": 10,
          "disconnectedGenerations": [
            0,
            7,
            8,
            9,
            10,
            11,
            12,
            13,
            14,
            22,
            23,
            24,
            25,
            26,
            27,
            28,
            29,
            30,
            34,
            35,
            36,
            37,
            40,
            41,
            42,
            43,
            44,
            48,
            49,
            50,
            53,
            54,
            55,
            56,
            57,
            61,
            65,
            69,
            73,
            77,
            81,
            85,
            89,
            93,
            97,
            101,
            105,
            109,
            113,
            117,
            121,
            125,
            129,
            133,
            137,
            141,
            145,
            149,
            153,
            157,
            161,
            165,
            169,
            173,
            177,
            181,
            185,
            189,
            193,
            197
          ],
          "requiredBirthCount": 0,
          "ruleClauseActivity": [
            {
              "kind": "birth",
              "liveNeighbors": 2,
              "count": 465,
              "lastToGeneration": 199
            },
            {
              "kind": "birth",
              "liveNeighbors": 3,
              "count": 168,
              "lastToGeneration": 200
            },
            {
              "kind": "birth",
              "liveNeighbors": 5,
              "count": 7,
              "lastToGeneration": 32
            },
            {
              "kind": "survival",
              "liveNeighbors": 1,
              "count": 475,
              "lastToGeneration": 200
            },
            {
              "kind": "survival",
              "liveNeighbors": 3,
              "count": 402,
              "lastToGeneration": 200
            },
            {
              "kind": "survival",
              "liveNeighbors": 4,
              "count": 123,
              "lastToGeneration": 197
            }
          ],
          "translatedReturn": {
            "fromGeneration": 58,
            "toGeneration": 62,
            "dx": 3.4641016125679016,
            "dy": 0,
            "neighborhoodRadius": 3
          },
          "finalHash": [
            727694774,
            2253692016
          ]
        },
        "metrics": {
          "minimumBoundaryDistance": 50,
          "verifiedThrough": 200,
          "kind": "spaceship",
          "transient": 58,
          "period": 4,
          "translation": [
            2,
            0
          ],
          "liveRange": [
            4,
            5
          ],
          "activeRange": [
            8,
            10
          ],
          "unionSize": 13,
          "unionComponents": [
            13
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "S3": 5,
            "B2": 4,
            "S1": 7,
            "B3": 2,
            "S4": 1
          },
          "phaseStatesSha256": "1081681de900ceef4a9bfaf3fcef6d616eca58b0a9c69816d73d3991ada542c6"
        },
        "provenanceConfidence": "Parent rule, mechanism or seed is identified; changed-rule behaviour is a package adaptation and historical priority is unestablished."
      },
      "attributionLabel": "Adapted seed: John Cerkan’s published B2/S35 spaceship (X23) [15], with Bays’s earlier account [11]. The twelve live cells now use B235/S134, C = 5 (R43).",
      "citationGroups": [
        {
          "label": "Exact parent seed: Cerkan’s B2/S35 spaceship, reproduced in catalogue entry X23; the changed rule is R43",
          "references": [
            15
          ]
        },
        {
          "label": "Earlier scholarly account of the parent B2/S35 rule and motion: Bays (2005), Figure 3",
          "references": [
            11
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b235s134-c5-launcher-traveller",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B235/S134",
        "states": 5,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24002,
            1
          ],
          [
            24256,
            1
          ],
          [
            24258,
            1
          ],
          [
            24509,
            1
          ],
          [
            24510,
            1
          ],
          [
            24768,
            1
          ],
          [
            24771,
            1
          ],
          [
            25022,
            1
          ],
          [
            25026,
            1
          ],
          [
            25280,
            1
          ],
          [
            25281,
            1
          ],
          [
            25533,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -3,
              2,
              1
            ],
            [
              -2,
              1,
              1
            ],
            [
              -2,
              3,
              1
            ],
            [
              -1,
              -2,
              1
            ],
            [
              -1,
              -1,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              0,
              3,
              1
            ],
            [
              1,
              -3,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              2,
              0,
              1
            ],
            [
              3,
              -3,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 62,
          "minimumNonzero": 8,
          "maximumNonzero": 94,
          "minimumLive": 3,
          "maximumLive": 45,
          "minimumBoundaryDistance": 117,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 12,
          "live": 12,
          "stateCounts": [
            49525,
            12,
            0,
            0,
            0
          ],
          "minimumBoundaryDistance": 125,
          "nonzeroCentroid": [
            -9.934107462565104e-09,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b106e54ff1f7ddc985c6c68d0ef273522473160f4b0c15f633b32ec2d584ac98",
          "bounds": [
            -6.062177658081055,
            -7,
            6.062177658081055,
            7
          ]
        },
        {
          "t": 58,
          "active": 8,
          "live": 5,
          "stateCounts": [
            49529,
            5,
            1,
            2,
            0
          ],
          "minimumBoundaryDistance": 121,
          "nonzeroCentroid": [
            9.959292113780975,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b9c0b4c5930cff4c65e8e033210551363beade22c7103538b188636e0467a08e",
          "bounds": [
            4.330127239227295,
            -4,
            14.722432136535645,
            4
          ]
        },
        {
          "t": 62,
          "active": 8,
          "live": 5,
          "stateCounts": [
            49529,
            5,
            1,
            2,
            0
          ],
          "minimumBoundaryDistance": 119,
          "nonzeroCentroid": [
            13.423393726348877,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "f78365d78f6b89cee4fd02c017afcff51d8289fb1b2f457763d260d7b6d56188",
          "bounds": [
            7.794228553771973,
            -4,
            18.186532974243164,
            4
          ]
        }
      ]
    },
    {
      "id": "hex-b245s35-p25-traveller",
      "category": "Hexagonal travellers",
      "title": "Hexagonal p25 diagonal spaceship",
      "summary": "An exact B245/S35 spaceship: its complete state shifts by axial (1,1) every 25 generations, with 9–24 live cells during the cycle.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B245/S35",
      "generations": 2,
      "borderRings": 1,
      "speed": 8,
      "coordinateStates": [
        [
          -2,
          2,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          0,
          3,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          1,
          3,
          1
        ],
        [
          2,
          -2,
          1
        ],
        [
          2,
          2,
          1
        ],
        [
          3,
          0,
          1
        ],
        [
          3,
          1,
          1
        ]
      ],
      "expectedPeriod": 25,
      "moving": true,
      "translation": [
        1,
        1
      ],
      "view": {
        "mode": "trajectory",
        "bounds": [
          -4.330127239227295,
          -5.5,
          23.382686614990234,
          16
        ],
        "steps": 150,
        "padding": 3
      },
      "provenance": {
        "status": "published",
        "credit": "Published by muzik (2019), independently rediscovered by this package’s search.",
        "note": "The primary hexagonal spaceship thread credits muzik (2019) for B245/S35H RLE b3o$bobo$4o$bo!. Independent full-orbit comparison with the catalogue succeeds after phase shift 5, rotation by four 60-degree steps, no reflection and translation (1,1), using (q,r)=(x,y-x). Thus the package’s binary campaign seed 20261011, trial 483, mode 3, transient 57 recovered an already published spaceship. The displayed phase and orientation are not a distinct discovery.",
        "sources": [
          {
            "label": "muzik, B245/S35H period-25 spaceship (2019)",
            "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=3670"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/binary/search.cpp",
          "research/hex-search/binary/campaigns.json",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js"
        ]
      },
      "catalogueCode": "X27",
      "ruleId": "R49",
      "cataloguePage": 84,
      "measurementText": ".",
      "fixedView": false,
      "sourceReferences": [
        9
      ],
      "audit": {
        "id": "hex-b245s35-p25-traveller",
        "title": "Hexagonal p25 diagonal spaceship",
        "status": "published",
        "rule": "B245/S35",
        "states": 2,
        "neighbourhood": "edge",
        "scientificClaim": "An exact B245/S35 spaceship: its complete state shifts by axial (1,1) every 25 generations, with 9–24 live cells during the cycle.",
        "interpretation": "The complete state returns after 25 updates shifted by axial (1,1). The independently found package orbit matches muzik’s published orbit, including phase and hexagonal symmetry.",
        "limitations": "Rediscovery, reorientation and changing the displayed phase do not establish originality. The exact complete-state recurrence guarantees the unbounded-lattice spaceship; the finite display eventually meets its boundary.",
        "illustrationGenerations": [
          0,
          12,
          25
        ],
        "provenance": {
          "status": "published",
          "credit": "Published by muzik (2019), independently rediscovered by this package’s search.",
          "note": "The primary hexagonal spaceship thread credits muzik (2019) for B245/S35H RLE b3o$bobo$4o$bo!. Independent full-orbit comparison with the catalogue succeeds after phase shift 5, rotation by four 60-degree steps, no reflection and translation (1,1), using (q,r)=(x,y-x). Thus the package’s binary campaign seed 20261011, trial 483, mode 3, transient 57 recovered an already published spaceship. The displayed phase and orientation are not a distinct discovery.",
          "sources": [
            {
              "label": "muzik, B245/S35H period-25 spaceship (2019)",
              "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=3670"
            }
          ],
          "evidence": [
            "research/fixtures/hexagonal-sources.json",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js",
            "research/hex-search/binary/search.cpp",
            "research/hex-search/binary/campaigns.json",
            "research/fixtures/hex-published-provenance.json",
            "research/verify-hex-published-provenance.js"
          ]
        },
        "sources": [
          {
            "label": "muzik, B245/S35H period-25 spaceship (2019)",
            "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=3670"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/binary/search.cpp",
          "research/hex-search/binary/campaigns.json",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b245s35-p25-traveller",
          "title": "Hexagonal p25 diagonal spaceship",
          "category": "Hexagonal travellers",
          "tiling": "hex",
          "cells": 49537,
          "neighborhood": "edge",
          "rule": "B245/S35",
          "generations": 2,
          "kind": "spaceship benchmark",
          "steps": 25,
          "translation": [
            1,
            1
          ],
          "liveCells": 9,
          "phasePopulations": [
            9,
            12,
            18,
            17,
            20,
            22,
            23,
            24,
            23,
            14,
            17,
            18,
            15,
            21,
            15,
            14,
            13,
            16,
            13,
            12,
            10,
            11,
            13,
            10,
            11,
            9
          ],
          "ruleClauseActivity": []
        },
        "metrics": {
          "steps": 25,
          "translation": [
            1,
            1
          ],
          "kind": "spaceship",
          "transient": 0,
          "period": 25,
          "liveRange": [
            9,
            24
          ],
          "activeRange": [
            9,
            24
          ],
          "unionSize": 51,
          "unionComponents": [
            51
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "B2": 233,
            "B5": 2,
            "S3": 62,
            "B4": 90,
            "S5": 4
          },
          "phaseStatesSha256": "110298532b07bcf59a40352e738d8bc08a3b4f6b6f8eb65eb8b5b55aa824bd35"
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Previously published by muzik (2019): B245/S35H period-25 spaceship in Outer-totalistic hexagonal rules with spaceships [9]. Independently recovered here.",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: Published by muzik (2019), independently rediscovered by this package’s search.",
          "references": [
            9
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b245s35-p25-traveller",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B245/S35",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24257,
            1
          ],
          [
            24769,
            1
          ],
          [
            24771,
            1
          ],
          [
            25025,
            1
          ],
          [
            25028,
            1
          ],
          [
            25279,
            1
          ],
          [
            25283,
            1
          ],
          [
            25536,
            1
          ],
          [
            25537,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -2,
              2,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              0,
              3,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              1,
              3,
              1
            ],
            [
              2,
              -2,
              1
            ],
            [
              2,
              2,
              1
            ],
            [
              3,
              0,
              1
            ],
            [
              3,
              1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 25,
          "minimumNonzero": 9,
          "maximumNonzero": 24,
          "minimumLive": 9,
          "maximumLive": 24,
          "minimumBoundaryDistance": 122,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 9,
          "live": 9,
          "stateCounts": [
            49528,
            9
          ],
          "minimumBoundaryDistance": 124,
          "nonzeroCentroid": [
            2.886751287513309,
            1.6666666666666667
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "a9e4a8b41b41a5bf99594bdb7435ff73380adaccb65166df29e70170e8ca6a88",
          "bounds": [
            -4.330127239227295,
            -5.5,
            8.66025447845459,
            7
          ]
        },
        {
          "t": 12,
          "active": 15,
          "live": 15,
          "stateCounts": [
            49522,
            15
          ],
          "minimumBoundaryDistance": 122,
          "nonzeroCentroid": [
            3.1176913817723593,
            1.8
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "0521203031c328a3bf189278ad15dd9b7b0254167cbac03c53a82291c4d757a3",
          "bounds": [
            -4.330127239227295,
            -5.5,
            10.392304420471191,
            8.5
          ]
        },
        {
          "t": 25,
          "active": 9,
          "live": 9,
          "stateCounts": [
            49528,
            9
          ],
          "minimumBoundaryDistance": 122,
          "nonzeroCentroid": [
            5.484827591313256,
            3.1666666666666665
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "e97f7f0c68442e5816affbd6400bb4b69801fe699aa347eca043d755aeeb8ff8",
          "bounds": [
            -1.7320507764816284,
            -4,
            11.258330345153809,
            8.5
          ]
        }
      ]
    },
    {
      "id": "hex-b2s34-p48-rotor",
      "category": "Hexagonal oscillators and rotors",
      "title": "Hexagonal p48 half-turn rotor",
      "summary": "Six live cells expand and rearrange into a half-turn after 24 generations, returning exactly after 48. The cycle has 6–16 live cells.",
      "tiling": "hex",
      "depth": 32,
      "neighborhood": "edge",
      "rule": "B2/S34",
      "generations": 2,
      "borderRings": 1,
      "speed": 8,
      "coordinateStates": [
        [
          -2,
          1,
          1
        ],
        [
          -2,
          2,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          3,
          -1,
          1
        ]
      ],
      "expectedPeriod": 48,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -6.062177658081055,
          -8.5,
          12.12435531616211,
          7
        ],
        "steps": 48,
        "padding": 3
      },
      "provenance": {
        "status": "published",
        "credit": "Published by drc (2016), independently rediscovered by this package’s search.",
        "note": "The 18 January 2016 RLE o16bo$obo12b2o$2b2o10bobo$5bo9bo! contains two independently oscillating six-cell components. Catalogue coordinates translated by axial (2,-1) reproduce its first component exactly at generation zero. Extracting that independent component does not create a new oscillator. The package independently recovered it in binary campaign seed 20261011, trial 194, mode 4. Dean Hickerson also mentions earlier work on the rule, but the audit does not assign him priority for this particular oscillator.",
        "sources": [
          {
            "label": "drc, published pair of B2/S34 period-48 oscillators (18 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28430"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/binary/search.cpp",
          "research/hex-search/binary/campaigns.json",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js"
        ]
      },
      "catalogueCode": "X28",
      "ruleId": "R32",
      "cataloguePage": 85,
      "measurementText": "Least period p = 48; transient = 0; cycle L = 6-16; cycle territory = 78 tiles; cycle minimum boundary distance = 25.",
      "fixedView": true,
      "sourceReferences": [
        20
      ],
      "audit": {
        "id": "hex-b2s34-p48-rotor",
        "title": "Hexagonal p48 half-turn rotor",
        "status": "published",
        "rule": "B2/S34",
        "states": 2,
        "neighbourhood": "edge",
        "scientificClaim": "Six live cells expand and rearrange into a half-turn after 24 generations, returning exactly after 48. The cycle has 6–16 live cells.",
        "interpretation": "The six-cell phase returns after 48 updates. At 24 updates the complete labelled state is its half-turn about a fixed centre; the cycle contains six to sixteen live cells.",
        "limitations": "This is one independently evolving component of the pair published by drc. Extracting a component does not make it a new oscillator. The original discoverer, as distinct from this retrieved publication, is not asserted.",
        "illustrationGenerations": [
          0,
          24,
          48
        ],
        "provenance": {
          "status": "published",
          "credit": "Published by drc (2016), independently rediscovered by this package’s search.",
          "note": "The 18 January 2016 RLE o16bo$obo12b2o$2b2o10bobo$5bo9bo! contains two independently oscillating six-cell components. Catalogue coordinates translated by axial (2,-1) reproduce its first component exactly at generation zero. Extracting that independent component does not create a new oscillator. The package independently recovered it in binary campaign seed 20261011, trial 194, mode 4. Dean Hickerson also mentions earlier work on the rule, but the audit does not assign him priority for this particular oscillator.",
          "sources": [
            {
              "label": "drc, published pair of B2/S34 period-48 oscillators (18 January 2016)",
              "url": "https://conwaylife.com/forums/viewtopic.php?p=28430"
            }
          ],
          "evidence": [
            "research/fixtures/hexagonal-sources.json",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js",
            "research/hex-search/binary/search.cpp",
            "research/hex-search/binary/campaigns.json",
            "research/fixtures/hex-published-provenance.json",
            "research/verify-hex-published-provenance.js"
          ]
        },
        "sources": [
          {
            "label": "drc, published pair of B2/S34 period-48 oscillators (18 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28430"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/binary/search.cpp",
          "research/hex-search/binary/campaigns.json",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b2s34-p48-rotor",
          "title": "Hexagonal p48 half-turn rotor",
          "category": "Hexagonal oscillators and rotors",
          "tiling": "hex",
          "cells": 3169,
          "neighborhood": "edge",
          "rule": "B2/S34",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 48,
          "minimumAlive": 6,
          "maximumAlive": 16,
          "supportCells": 78,
          "minimumBoundaryDistance": 25,
          "center": [
            3.0310888985792794,
            -0.75
          ],
          "radius": 8.26135593109471
        },
        "metrics": {
          "exactPeriod": 48,
          "transient": 0,
          "minimumAlive": 6,
          "maximumAlive": 16,
          "minimumBoundaryDistance": 25,
          "kind": "oscillator",
          "period": 48,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            6,
            16
          ],
          "activeRange": [
            6,
            16
          ],
          "unionSize": 78,
          "unionComponents": [
            78
          ],
          "perCellPeriods": {
            "24": 8,
            "48": 70
          },
          "ruleClauses": {
            "B2": 374,
            "S3": 100,
            "S4": 58
          },
          "phaseStatesSha256": "52b23e265a3cf908cb562c6ced765425619145ab51d5c68b691a313b6b33e603"
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Previously published by drc (18 January 2016): one component of the B2/S34 period-48 oscillator pair [20]. Independently recovered here.",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: Published by drc (2016), independently rediscovered by this package’s search.",
          "references": [
            20
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b2s34-p48-rotor",
        "tiling": "hex",
        "depth": 32,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S34",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 3169,
        "verticesPerTile": 6,
        "geometrySHA256": "6c388f8ef0e8832c91677d0b1ffa1194422ae0981fdd22f1e398cff057e72428",
        "graphSHA256": "61db2be48a82cb5fde079d73cf9b9ce7639f610131232bf1515608cbb4919661",
        "initialCellStates": [
          [
            1456,
            1
          ],
          [
            1457,
            1
          ],
          [
            1584,
            1
          ],
          [
            1585,
            1
          ],
          [
            1649,
            1
          ],
          [
            1775,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -2,
              1,
              1
            ],
            [
              -2,
              2,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              3,
              -1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 24,
          "minimumNonzero": 6,
          "maximumNonzero": 16,
          "minimumLive": 6,
          "maximumLive": 16,
          "minimumBoundaryDistance": 25,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 6,
          "live": 6,
          "stateCounts": [
            3163,
            6
          ],
          "minimumBoundaryDistance": 29,
          "nonzeroCentroid": [
            0.4330127537250519,
            0.75
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b1f289c1a433b87b55ead004433811e78f1d01ebe9b49ab59c45635ab5720e94",
          "bounds": [
            -5.196152210235596,
            -4,
            6.928203105926514,
            5.5
          ]
        },
        {
          "t": 12,
          "active": 14,
          "live": 14,
          "stateCounts": [
            3155,
            14
          ],
          "minimumBoundaryDistance": 28,
          "nonzeroCentroid": [
            2.1032045100416457,
            -0.21428571428571427
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "4f8438b63434ebf093be78ca900e0722952df022172aa4dfc73fc1448bad59ce",
          "bounds": [
            -4.330127239227295,
            -7,
            8.66025447845459,
            5.5
          ]
        },
        {
          "t": 24,
          "active": 6,
          "live": 6,
          "stateCounts": [
            3163,
            6
          ],
          "minimumBoundaryDistance": 26,
          "nonzeroCentroid": [
            5.62916515270869,
            -2.25
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "ff666dea48d74946e1a9c5d275f20338a0f04d9558e6b2fa3442799b7796069c",
          "bounds": [
            -0.8660253882408142,
            -7,
            11.258330345153809,
            2.5
          ]
        }
      ]
    },
    {
      "id": "hex-b246s246-c4-p30-gun",
      "category": "Hexagonal guns, puffers and replication",
      "title": "Hexagonal three-way spaceship gun",
      "summary": "A 12-live-cell seed rebuilds its core every 30 generations while emitting three period-3 spaceships in different directions. Published by confocaloid; ships eventually reach this finite board's edge.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B246/S246",
      "generations": 4,
      "borderRings": 1,
      "speed": 12,
      "coordinateStates": [
        [
          -1,
          1,
          1
        ],
        [
          -1,
          2,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          0,
          2,
          1
        ],
        [
          1,
          -1,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          1,
          2,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          2,
          0,
          1
        ],
        [
          2,
          1,
          1
        ]
      ],
      "expectedActivityThrough": 120,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -104.78907012939453,
          -61,
          108.253173828125,
          124
        ],
        "steps": 120,
        "padding": 3
      },
      "provenance": {
        "status": "published",
        "credit": "Published by confocaloid (2024). The package independently verifies indefinite three-way emission.",
        "note": "Confocaloid published the twelve-live-cell seed 3A$4A$.3A$2.2A! on 14 October 2024 in Hexagonal Generations Rules. Direct comparison confirms that the catalogue retains exactly the published initial states, after coordinate conversion and translation. The package adds a complete-state emission certificate for the period-30 core and three permanently separating output streams; that verification is not authorship of the gun.",
        "sources": [
          {
            "label": "confocaloid, 246/246/4H three-way gun (14 October 2024)",
            "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=1319"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/literature/certify-emitters.py",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js"
        ]
      },
      "catalogueCode": "X29",
      "ruleId": "R51",
      "cataloguePage": 86,
      "measurementText": "Catalogue replay through t = 120.",
      "fixedView": false,
      "sourceReferences": [
        8
      ],
      "audit": {
        "id": "hex-b246s246-c4-p30-gun",
        "title": "Hexagonal three-way spaceship gun",
        "status": "published",
        "rule": "B246/S246",
        "states": 4,
        "neighbourhood": "edge",
        "scientificClaim": "A 12-live-cell seed rebuilds its core every 30 generations while emitting three period-3 spaceships in different directions. Published by confocaloid; ships eventually reach this finite board's edge.",
        "interpretation": "After 30 updates the 12-cell source is restored and three seven-nonzero-cell output packets have separated. Each packet is a period-3 spaceship. All-phase integer separation certificates keep each stream clear of the source and of all other emitted packets.",
        "limitations": "The certificate establishes indefinitely repeated three-way emission on the unbounded hexagonal lattice, not perpetual operation on the finite browser board. The source and seed were published by confocaloid; the package contributes verification, not authorship.",
        "illustrationGenerations": [
          0,
          30,
          60
        ],
        "provenance": {
          "status": "published",
          "credit": "Published by confocaloid (2024). The package independently verifies indefinite three-way emission.",
          "note": "Confocaloid published the twelve-live-cell seed 3A$4A$.3A$2.2A! on 14 October 2024 in Hexagonal Generations Rules. Direct comparison confirms that the catalogue retains exactly the published initial states, after coordinate conversion and translation. The package adds a complete-state emission certificate for the period-30 core and three permanently separating output streams; that verification is not authorship of the gun.",
          "sources": [
            {
              "label": "confocaloid, 246/246/4H three-way gun (14 October 2024)",
              "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=1319"
            }
          ],
          "evidence": [
            "research/fixtures/hexagonal-sources.json",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js",
            "research/hex-search/literature/certify-emitters.py",
            "research/fixtures/hex-published-provenance.json",
            "research/verify-hex-published-provenance.js"
          ]
        },
        "sources": [
          {
            "label": "confocaloid, 246/246/4H three-way gun (14 October 2024)",
            "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=1319"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/literature/certify-emitters.py",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b246s246-c4-p30-gun",
          "title": "Hexagonal three-way spaceship gun",
          "category": "Hexagonal guns, puffers and replication",
          "tiling": "hex",
          "cells": 49537,
          "neighborhood": "edge",
          "rule": "B246/S246",
          "generations": 4,
          "kind": "long-lived compact seed",
          "verifiedThrough": 120,
          "finalAlive": 60,
          "finalChanged": 84,
          "maximumAlive": 96,
          "totalChanged": 9372,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 42,
              "changed": 105
            },
            {
              "generation": 100,
              "alive": 63,
              "changed": 111
            },
            {
              "generation": 120,
              "alive": 60,
              "changed": 84
            }
          ]
        },
        "metrics": {
          "maximumAlive": 96,
          "verifiedThrough": 120,
          "type": "gun",
          "emissionPeriod": 30,
          "groupsPerEmission": 3,
          "velocities": [
            [
              20,
              -10
            ],
            [
              -10,
              -10
            ],
            [
              -10,
              20
            ]
          ],
          "separationChecks": 270,
          "minimumProjectionGap": 7
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Previously published by confocaloid (14 October 2024): B246/S246, C = 4, twelve-cell three-way gun in Hexagonal Generations [8]. The package adds an emission certificate.",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: Published by confocaloid (2024). The package independently verifies indefinite three-way emission.",
          "references": [
            8
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b246s246-c4-p30-gun",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B246/S246",
        "states": 4,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24512,
            1
          ],
          [
            24513,
            1
          ],
          [
            24768,
            1
          ],
          [
            24769,
            1
          ],
          [
            24770,
            1
          ],
          [
            25024,
            1
          ],
          [
            25025,
            1
          ],
          [
            25026,
            1
          ],
          [
            25027,
            1
          ],
          [
            25280,
            1
          ],
          [
            25281,
            1
          ],
          [
            25282,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -1,
              1,
              1
            ],
            [
              -1,
              2,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              0,
              2,
              1
            ],
            [
              1,
              -1,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              1,
              2,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              2,
              0,
              1
            ],
            [
              2,
              1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 120,
          "minimumNonzero": 12,
          "maximumNonzero": 165,
          "minimumLive": 12,
          "maximumLive": 96,
          "minimumBoundaryDistance": 46,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 12,
          "live": 12,
          "stateCounts": [
            49525,
            12,
            0,
            0
          ],
          "minimumBoundaryDistance": 125,
          "nonzeroCentroid": [
            1.7320507913827896,
            1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "93bc0660533ba1ddcbbea1029739346820ed2260fcfdff9c3df45552031a4b16",
          "bounds": [
            -3.464101552963257,
            -4,
            6.928203105926514,
            5.5
          ]
        },
        {
          "t": 60,
          "active": 54,
          "live": 36,
          "stateCounts": [
            49483,
            36,
            0,
            18
          ],
          "minimumBoundaryDistance": 86,
          "nonzeroCentroid": [
            1.7320508747189134,
            1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "60870db2ca6211423d1c424e680bd56a2a17d25abebbf8fca6a2c82e082b7ef2",
          "bounds": [
            -54.559600830078125,
            -32.5,
            58.02370071411133,
            65.5
          ]
        },
        {
          "t": 120,
          "active": 96,
          "live": 60,
          "stateCounts": [
            49441,
            60,
            0,
            36
          ],
          "minimumBoundaryDistance": 46,
          "nonzeroCentroid": [
            1.732050825531284,
            1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6d6dd0c49ae6736702e16bacf9eefe8e6c7fd6c185fecce82a4b2b849e77a62f",
          "bounds": [
            -106.52112579345703,
            -62.5,
            109.9852294921875,
            125.5
          ]
        }
      ]
    },
    {
      "id": "hex-b25s34-p20-puffer",
      "category": "Hexagonal guns, puffers and replication",
      "title": "Hexagonal oscillator-trail puffer",
      "summary": "The engine advances ten axial cells every 20 generations and leaves a period-2 oscillator behind. Published by Naszvadi, with an earlier pattern noted by Dmitry Maitak. The finite board eventually ends the trail.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B25/S34",
      "generations": 2,
      "borderRings": 1,
      "speed": 10,
      "coordinateStates": [
        [
          -3,
          2,
          1
        ],
        [
          -3,
          3,
          1
        ],
        [
          -3,
          5,
          1
        ],
        [
          -2,
          0,
          1
        ],
        [
          -2,
          4,
          1
        ],
        [
          -2,
          6,
          1
        ],
        [
          -1,
          0,
          1
        ],
        [
          -1,
          6,
          1
        ],
        [
          0,
          -2,
          1
        ],
        [
          0,
          -1,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          0,
          3,
          1
        ],
        [
          0,
          5,
          1
        ],
        [
          0,
          6,
          1
        ],
        [
          1,
          3,
          1
        ],
        [
          1,
          4,
          1
        ],
        [
          1,
          5,
          1
        ],
        [
          2,
          -5,
          1
        ],
        [
          2,
          -3,
          1
        ],
        [
          2,
          5,
          1
        ],
        [
          3,
          -3,
          1
        ],
        [
          3,
          1,
          1
        ],
        [
          3,
          3,
          1
        ]
      ],
      "expectedActivityThrough": 160,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -6.062177658081055,
          -8.5,
          77.9422836303711,
          130
        ],
        "steps": 160,
        "padding": 3
      },
      "provenance": {
        "status": "published",
        "credit": "Published by Naszvadi (2024); Dmitry Maitak points to an earlier 2023 occurrence. The package independently verifies its persistent oscillator trail.",
        "note": "Naszvadi’s 1 February 2024 post supplies the exact twenty-three-cell RLE used here and describes it as probably known. Dmitry Maitak’s later response links to a 2023 occurrence. This audit confirms the 2024 source and the report of earlier publication, but does not establish the original discoverer or independently compare the linked 2023 seed. Initial-state comparison confirms translation-only equivalence to the 2024 RLE. The package adds a certificate of period-20 translated core recurrence and independently separating period-2 deposits.",
        "sources": [
          {
            "label": "Naszvadi, B25/S34H puffer (1 February 2024)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=177053#p177053"
          },
          {
            "label": "Source thread containing Naszvadi’s RLE and Dmitry Maitak’s earlier-publication note",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=162954"
          },
          {
            "label": "Earlier 2023 occurrence cited by Dmitry Maitak; original priority not established in this audit",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=163227#p163227"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/literature/certify-emitters.py",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js"
        ]
      },
      "catalogueCode": "X30",
      "ruleId": "R52",
      "cataloguePage": 87,
      "measurementText": "Catalogue replay through t = 160.",
      "fixedView": false,
      "sourceReferences": [
        16,
        21,
        22
      ],
      "audit": {
        "id": "hex-b25s34-p20-puffer",
        "title": "Hexagonal oscillator-trail puffer",
        "status": "published",
        "rule": "B25/S34",
        "states": 2,
        "neighbourhood": "edge",
        "scientificClaim": "The engine advances ten axial cells every 20 generations and leaves a period-2 oscillator behind. Published by Naszvadi, with an earlier pattern noted by Dmitry Maitak. The finite board eventually ends the trail.",
        "interpretation": "After 20 updates the complete engine has moved by axial (0,10) and leaves a four-cell period-2 oscillator. All-phase separation certificates prove that future engine positions and deposited oscillators remain dynamically independent.",
        "limitations": "The result is an unbounded-lattice puffer certificate. The finite browser eventually ends the trail. Naszvadi’s retrieved 2024 seed is exactly matched; Maitak reports an earlier 2023 occurrence, but original discovery priority and identity with that earlier seed remain unestablished here.",
        "illustrationGenerations": [
          0,
          20,
          40
        ],
        "provenance": {
          "status": "published",
          "credit": "Published by Naszvadi (2024); Dmitry Maitak points to an earlier 2023 occurrence. The package independently verifies its persistent oscillator trail.",
          "note": "Naszvadi’s 1 February 2024 post supplies the exact twenty-three-cell RLE used here and describes it as probably known. Dmitry Maitak’s later response links to a 2023 occurrence. This audit confirms the 2024 source and the report of earlier publication, but does not establish the original discoverer or independently compare the linked 2023 seed. Initial-state comparison confirms translation-only equivalence to the 2024 RLE. The package adds a certificate of period-20 translated core recurrence and independently separating period-2 deposits.",
          "sources": [
            {
              "label": "Naszvadi, B25/S34H puffer (1 February 2024)",
              "url": "https://conwaylife.com/forums/viewtopic.php?p=177053#p177053"
            },
            {
              "label": "Source thread containing Naszvadi’s RLE and Dmitry Maitak’s earlier-publication note",
              "url": "https://conwaylife.com/forums/viewtopic.php?p=162954"
            },
            {
              "label": "Earlier 2023 occurrence cited by Dmitry Maitak; original priority not established in this audit",
              "url": "https://conwaylife.com/forums/viewtopic.php?p=163227#p163227"
            }
          ],
          "evidence": [
            "research/fixtures/hexagonal-sources.json",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js",
            "research/hex-search/literature/certify-emitters.py",
            "research/fixtures/hex-published-provenance.json",
            "research/verify-hex-published-provenance.js"
          ]
        },
        "sources": [
          {
            "label": "Naszvadi, B25/S34H puffer (1 February 2024)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=177053#p177053"
          },
          {
            "label": "Source thread containing Naszvadi’s RLE and Dmitry Maitak’s earlier-publication note",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=162954"
          },
          {
            "label": "Earlier 2023 occurrence cited by Dmitry Maitak; original priority not established in this audit",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=163227#p163227"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/hex-search/literature/certify-emitters.py",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b25s34-p20-puffer",
          "title": "Hexagonal oscillator-trail puffer",
          "category": "Hexagonal guns, puffers and replication",
          "tiling": "hex",
          "cells": 49537,
          "neighborhood": "edge",
          "rule": "B25/S34",
          "generations": 2,
          "kind": "long-lived compact seed",
          "verifiedThrough": 160,
          "finalAlive": 55,
          "finalChanged": 102,
          "maximumAlive": 59,
          "totalChanged": 11200,
          "checkpoints": [
            {
              "generation": 50,
              "alive": 34,
              "changed": 56
            },
            {
              "generation": 100,
              "alive": 43,
              "changed": 78
            },
            {
              "generation": 150,
              "alive": 54,
              "changed": 96
            },
            {
              "generation": 160,
              "alive": 55,
              "changed": 102
            }
          ]
        },
        "metrics": {
          "maximumAlive": 59,
          "verifiedThrough": 160,
          "type": "puffer",
          "emissionPeriod": 20,
          "translation": [
            0,
            10
          ],
          "debrisPeriod": 2,
          "debrisPopulation": 4,
          "separationChecks": 40,
          "minimumProjectionGap": 3
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Previously published by Naszvadi (1 February 2024): B25/S34H period-20 puffer [16]. Dmitry Maitak reports an earlier 2023 occurrence [21, 22]; the first discoverer is unconfirmed.",
      "citationGroups": [
        {
          "label": "Executable seed source: Naszvadi’s 1 February 2024 puffer post",
          "references": [
            16
          ]
        },
        {
          "label": "Report and link for an earlier 2023 occurrence; not independently compared in this audit",
          "references": [
            21,
            22
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b25s34-p20-puffer",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B25/S34",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24002,
            1
          ],
          [
            24003,
            1
          ],
          [
            24005,
            1
          ],
          [
            24255,
            1
          ],
          [
            24259,
            1
          ],
          [
            24261,
            1
          ],
          [
            24511,
            1
          ],
          [
            24517,
            1
          ],
          [
            24766,
            1
          ],
          [
            24767,
            1
          ],
          [
            24769,
            1
          ],
          [
            24771,
            1
          ],
          [
            24773,
            1
          ],
          [
            24774,
            1
          ],
          [
            25028,
            1
          ],
          [
            25029,
            1
          ],
          [
            25030,
            1
          ],
          [
            25276,
            1
          ],
          [
            25278,
            1
          ],
          [
            25286,
            1
          ],
          [
            25533,
            1
          ],
          [
            25537,
            1
          ],
          [
            25539,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -3,
              2,
              1
            ],
            [
              -3,
              3,
              1
            ],
            [
              -3,
              5,
              1
            ],
            [
              -2,
              0,
              1
            ],
            [
              -2,
              4,
              1
            ],
            [
              -2,
              6,
              1
            ],
            [
              -1,
              0,
              1
            ],
            [
              -1,
              6,
              1
            ],
            [
              0,
              -2,
              1
            ],
            [
              0,
              -1,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              0,
              3,
              1
            ],
            [
              0,
              5,
              1
            ],
            [
              0,
              6,
              1
            ],
            [
              1,
              3,
              1
            ],
            [
              1,
              4,
              1
            ],
            [
              1,
              5,
              1
            ],
            [
              2,
              -5,
              1
            ],
            [
              2,
              -3,
              1
            ],
            [
              2,
              5,
              1
            ],
            [
              3,
              -3,
              1
            ],
            [
              3,
              1,
              1
            ],
            [
              3,
              3,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 160,
          "minimumNonzero": 23,
          "maximumNonzero": 59,
          "minimumLive": 23,
          "maximumLive": 59,
          "minimumBoundaryDistance": 41,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 23,
          "live": 23,
          "stateCounts": [
            49514,
            23
          ],
          "minimumBoundaryDistance": 121,
          "nonzeroCentroid": [
            1.8826639004375623,
            3.130434782608696
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "936f732f07e0f68c5b54caa7c61adbf246d8e3bfc4713714bc55d3241369cf9b",
          "bounds": [
            -6.062177658081055,
            -10,
            10.392304420471191,
            11.5
          ]
        },
        {
          "t": 80,
          "active": 39,
          "live": 39,
          "stateCounts": [
            49498,
            39
          ],
          "minimumBoundaryDistance": 81,
          "nonzeroCentroid": [
            28.290163258711498,
            45.84615384615385
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b1e96d7a3bc5fb2c7b320509a1f80f7773602531d273f84bd8e0bd11a6c9073a",
          "bounds": [
            -2.598076105117798,
            -8.5,
            45.033321380615234,
            71.5
          ]
        },
        {
          "t": 160,
          "active": 55,
          "live": 55,
          "stateCounts": [
            49482,
            55
          ],
          "minimumBoundaryDistance": 41,
          "nonzeroCentroid": [
            49.41068605834788,
            81.16363636363636
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "08663e34cd4a48870ac4549cf66067c8e7350a379c462fd94008277d87e92bb5",
          "bounds": [
            -2.598076105117798,
            -8.5,
            79.6743392944336,
            131.5
          ]
        }
      ]
    },
    {
      "id": "hex-b2s1-c3-p999-rotor",
      "category": "Hexagonal oscillators and rotors",
      "title": "Hexagonal p999 threefold rotor",
      "summary": "A three-state rotating wave first returns after 999 generations, making a 120-degree turn every 333. Published by c0b0p0; all refractory states are part of the rotation.",
      "tiling": "hex",
      "depth": 64,
      "neighborhood": "edge",
      "rule": "B2/S1",
      "generations": 3,
      "borderRings": 1,
      "speed": 60,
      "coordinateStates": [
        [
          -8,
          7,
          2
        ],
        [
          -7,
          6,
          1
        ],
        [
          -6,
          5,
          1
        ],
        [
          -6,
          6,
          2
        ],
        [
          -6,
          7,
          2
        ],
        [
          -6,
          8,
          1
        ],
        [
          -5,
          4,
          2
        ],
        [
          -5,
          6,
          2
        ],
        [
          -5,
          8,
          2
        ],
        [
          -5,
          10,
          2
        ],
        [
          -4,
          3,
          1
        ],
        [
          -4,
          6,
          1
        ],
        [
          -4,
          7,
          2
        ],
        [
          -4,
          8,
          2
        ],
        [
          -4,
          9,
          1
        ],
        [
          -3,
          1,
          1
        ],
        [
          -3,
          2,
          1
        ],
        [
          -3,
          3,
          1
        ],
        [
          -3,
          4,
          1
        ],
        [
          -3,
          8,
          1
        ],
        [
          -2,
          -1,
          1
        ],
        [
          -2,
          0,
          2
        ],
        [
          -2,
          1,
          1
        ],
        [
          -2,
          3,
          1
        ],
        [
          -2,
          4,
          1
        ],
        [
          -2,
          7,
          2
        ],
        [
          -1,
          -1,
          1
        ],
        [
          -1,
          4,
          2
        ],
        [
          0,
          -7,
          2
        ],
        [
          0,
          -6,
          1
        ],
        [
          0,
          -5,
          1
        ],
        [
          0,
          -4,
          2
        ],
        [
          1,
          -6,
          2
        ],
        [
          1,
          -1,
          1
        ],
        [
          1,
          0,
          2
        ],
        [
          1,
          1,
          2
        ],
        [
          1,
          2,
          1
        ],
        [
          2,
          -7,
          2
        ],
        [
          2,
          -6,
          2
        ],
        [
          2,
          -1,
          1
        ],
        [
          2,
          0,
          1
        ],
        [
          2,
          1,
          1
        ],
        [
          3,
          -8,
          1
        ],
        [
          3,
          -6,
          1
        ],
        [
          3,
          -3,
          1
        ],
        [
          3,
          -2,
          1
        ],
        [
          4,
          -8,
          2
        ],
        [
          4,
          -7,
          2
        ],
        [
          4,
          -5,
          1
        ],
        [
          4,
          -4,
          2
        ],
        [
          4,
          -3,
          2
        ],
        [
          4,
          -2,
          1
        ],
        [
          4,
          4,
          2
        ],
        [
          4,
          6,
          2
        ],
        [
          5,
          -8,
          2
        ],
        [
          5,
          -7,
          2
        ],
        [
          5,
          -5,
          1
        ],
        [
          6,
          -10,
          2
        ],
        [
          6,
          -8,
          2
        ],
        [
          6,
          -7,
          2
        ],
        [
          6,
          -5,
          1
        ],
        [
          6,
          -2,
          1
        ],
        [
          6,
          4,
          2
        ],
        [
          7,
          -7,
          1
        ],
        [
          7,
          -6,
          1
        ],
        [
          7,
          -3,
          1
        ],
        [
          7,
          -2,
          1
        ],
        [
          8,
          -6,
          2
        ],
        [
          9,
          -7,
          1
        ],
        [
          9,
          -6,
          1
        ]
      ],
      "expectedPeriod": 999,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -26.84678840637207,
          -40,
          46.76537322998047,
          32.5
        ],
        "steps": 999,
        "padding": 3
      },
      "provenance": {
        "status": "published",
        "credit": "Published by c0b0p0 (2014); independently replayed and verified for this package.",
        "note": "The Hexagonal Generations Rules post by c0b0p0 dated 27 February 2014 supplies this exact B2/S1 three-state period-999 rotor RLE. The catalogue retains every live and refractory initial state under (q,r)=(x,y-x), followed only by a centring translation. The full-state dynamics are therefore a replay of the published object, not a new package discovery.",
        "sources": [
          {
            "label": "c0b0p0, B2/S1 three-state period-999 rotor (27 February 2014)",
            "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=1319"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js"
        ]
      },
      "catalogueCode": "X31",
      "ruleId": "R31",
      "cataloguePage": 88,
      "measurementText": "Least period p = 999; transient = 0; cycle L = 11-80; cycle territory = 1335 tiles; cycle minimum boundary distance = 33.",
      "fixedView": true,
      "sourceReferences": [
        8
      ],
      "audit": {
        "id": "hex-b2s1-c3-p999-rotor",
        "title": "Hexagonal p999 threefold rotor",
        "status": "published",
        "rule": "B2/S1",
        "states": 3,
        "neighbourhood": "edge",
        "scientificClaim": "A three-state rotating wave first returns after 999 generations, making a 120-degree turn every 333. Published by c0b0p0; all refractory states are part of the rotation.",
        "interpretation": "The complete live-and-refractory state has least period 999. At every phase, 333 more updates give a 240-degree rotation (equivalently, 120 degrees in the opposite sense) about one fixed centre.",
        "limitations": "The full cycle contains 21–129 nonzero cells but only 11–80 live cells. Counting only live cells would discard the refractory information needed for a correct recurrence. The exact published seed is replayed without a novelty claim.",
        "illustrationGenerations": [
          0,
          333,
          666
        ],
        "provenance": {
          "status": "published",
          "credit": "Published by c0b0p0 (2014); independently replayed and verified for this package.",
          "note": "The Hexagonal Generations Rules post by c0b0p0 dated 27 February 2014 supplies this exact B2/S1 three-state period-999 rotor RLE. The catalogue retains every live and refractory initial state under (q,r)=(x,y-x), followed only by a centring translation. The full-state dynamics are therefore a replay of the published object, not a new package discovery.",
          "sources": [
            {
              "label": "c0b0p0, B2/S1 three-state period-999 rotor (27 February 2014)",
              "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=1319"
            }
          ],
          "evidence": [
            "research/fixtures/hexagonal-sources.json",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js",
            "research/fixtures/hex-published-provenance.json",
            "research/verify-hex-published-provenance.js"
          ]
        },
        "sources": [
          {
            "label": "c0b0p0, B2/S1 three-state period-999 rotor (27 February 2014)",
            "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=1319"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b2s1-c3-p999-rotor",
          "title": "Hexagonal p999 threefold rotor",
          "category": "Hexagonal oscillators and rotors",
          "tiling": "hex",
          "cells": 12481,
          "neighborhood": "edge",
          "rule": "B2/S1",
          "generations": 3,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 999,
          "minimumAlive": 11,
          "maximumAlive": 80,
          "supportCells": 1335,
          "minimumBoundaryDistance": 33,
          "center": [
            11.258330248446947,
            -3.5
          ],
          "radius": 37.802116704805
        },
        "metrics": {
          "exactPeriod": 999,
          "transient": 0,
          "minimumAlive": 11,
          "maximumAlive": 80,
          "minimumBoundaryDistance": 33,
          "kind": "oscillator",
          "period": 999,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            11,
            80
          ],
          "activeRange": [
            21,
            129
          ],
          "unionSize": 1335,
          "unionComponents": [
            1335
          ],
          "perCellPeriods": {
            "999": 1335
          },
          "ruleClauses": {
            "S1": 12957,
            "B2": 26355
          },
          "phaseStatesSha256": "05114048c8b023464950a636274aeddaae08f773ce45f5176bd83e83fe73dc61"
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Previously published by c0b0p0 (27 February 2014): B2/S1, C = 3, period-999 rotor in Hexagonal Generations [8]. The catalogue replays the published complete seed.",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: Published by c0b0p0 (2014); independently replayed and verified for this package.",
          "references": [
            8
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b2s1-c3-p999-rotor",
        "tiling": "hex",
        "depth": 64,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S1",
        "states": 3,
        "borderRings": 1,
        "patchTileCount": 12481,
        "verticesPerTile": 6,
        "geometrySHA256": "5e3544dd21090ab0bfc33bca6c71e5770a9553db151eb3c682ae4b3bb41fb026",
        "graphSHA256": "e11b75225880b373caff63123345b600da3cac3892aca55bbb46c47c4f608b74",
        "initialCellStates": [
          [
            5243,
            2
          ],
          [
            5364,
            1
          ],
          [
            5486,
            1
          ],
          [
            5487,
            2
          ],
          [
            5488,
            2
          ],
          [
            5489,
            1
          ],
          [
            5609,
            2
          ],
          [
            5611,
            2
          ],
          [
            5613,
            2
          ],
          [
            5615,
            2
          ],
          [
            5733,
            1
          ],
          [
            5736,
            1
          ],
          [
            5737,
            2
          ],
          [
            5738,
            2
          ],
          [
            5739,
            1
          ],
          [
            5857,
            1
          ],
          [
            5858,
            1
          ],
          [
            5859,
            1
          ],
          [
            5860,
            1
          ],
          [
            5864,
            1
          ],
          [
            5982,
            1
          ],
          [
            5983,
            2
          ],
          [
            5984,
            1
          ],
          [
            5986,
            1
          ],
          [
            5987,
            1
          ],
          [
            5990,
            2
          ],
          [
            6110,
            1
          ],
          [
            6115,
            2
          ],
          [
            6233,
            2
          ],
          [
            6234,
            1
          ],
          [
            6235,
            1
          ],
          [
            6236,
            2
          ],
          [
            6363,
            2
          ],
          [
            6368,
            1
          ],
          [
            6369,
            2
          ],
          [
            6370,
            2
          ],
          [
            6371,
            1
          ],
          [
            6490,
            2
          ],
          [
            6491,
            2
          ],
          [
            6496,
            1
          ],
          [
            6497,
            1
          ],
          [
            6498,
            1
          ],
          [
            6616,
            1
          ],
          [
            6618,
            1
          ],
          [
            6621,
            1
          ],
          [
            6622,
            1
          ],
          [
            6742,
            2
          ],
          [
            6743,
            2
          ],
          [
            6745,
            1
          ],
          [
            6746,
            2
          ],
          [
            6747,
            2
          ],
          [
            6748,
            1
          ],
          [
            6754,
            2
          ],
          [
            6756,
            2
          ],
          [
            6867,
            2
          ],
          [
            6868,
            2
          ],
          [
            6870,
            1
          ],
          [
            6989,
            2
          ],
          [
            6991,
            2
          ],
          [
            6992,
            2
          ],
          [
            6994,
            1
          ],
          [
            6997,
            1
          ],
          [
            7003,
            2
          ],
          [
            7115,
            1
          ],
          [
            7116,
            1
          ],
          [
            7119,
            1
          ],
          [
            7120,
            1
          ],
          [
            7238,
            2
          ],
          [
            7358,
            1
          ],
          [
            7359,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -8,
              7,
              2
            ],
            [
              -7,
              6,
              1
            ],
            [
              -6,
              5,
              1
            ],
            [
              -6,
              6,
              2
            ],
            [
              -6,
              7,
              2
            ],
            [
              -6,
              8,
              1
            ],
            [
              -5,
              4,
              2
            ],
            [
              -5,
              6,
              2
            ],
            [
              -5,
              8,
              2
            ],
            [
              -5,
              10,
              2
            ],
            [
              -4,
              3,
              1
            ],
            [
              -4,
              6,
              1
            ],
            [
              -4,
              7,
              2
            ],
            [
              -4,
              8,
              2
            ],
            [
              -4,
              9,
              1
            ],
            [
              -3,
              1,
              1
            ],
            [
              -3,
              2,
              1
            ],
            [
              -3,
              3,
              1
            ],
            [
              -3,
              4,
              1
            ],
            [
              -3,
              8,
              1
            ],
            [
              -2,
              -1,
              1
            ],
            [
              -2,
              0,
              2
            ],
            [
              -2,
              1,
              1
            ],
            [
              -2,
              3,
              1
            ],
            [
              -2,
              4,
              1
            ],
            [
              -2,
              7,
              2
            ],
            [
              -1,
              -1,
              1
            ],
            [
              -1,
              4,
              2
            ],
            [
              0,
              -7,
              2
            ],
            [
              0,
              -6,
              1
            ],
            [
              0,
              -5,
              1
            ],
            [
              0,
              -4,
              2
            ],
            [
              1,
              -6,
              2
            ],
            [
              1,
              -1,
              1
            ],
            [
              1,
              0,
              2
            ],
            [
              1,
              1,
              2
            ],
            [
              1,
              2,
              1
            ],
            [
              2,
              -7,
              2
            ],
            [
              2,
              -6,
              2
            ],
            [
              2,
              -1,
              1
            ],
            [
              2,
              0,
              1
            ],
            [
              2,
              1,
              1
            ],
            [
              3,
              -8,
              1
            ],
            [
              3,
              -6,
              1
            ],
            [
              3,
              -3,
              1
            ],
            [
              3,
              -2,
              1
            ],
            [
              4,
              -8,
              2
            ],
            [
              4,
              -7,
              2
            ],
            [
              4,
              -5,
              1
            ],
            [
              4,
              -4,
              2
            ],
            [
              4,
              -3,
              2
            ],
            [
              4,
              -2,
              1
            ],
            [
              4,
              4,
              2
            ],
            [
              4,
              6,
              2
            ],
            [
              5,
              -8,
              2
            ],
            [
              5,
              -7,
              2
            ],
            [
              5,
              -5,
              1
            ],
            [
              6,
              -10,
              2
            ],
            [
              6,
              -8,
              2
            ],
            [
              6,
              -7,
              2
            ],
            [
              6,
              -5,
              1
            ],
            [
              6,
              -2,
              1
            ],
            [
              6,
              4,
              2
            ],
            [
              7,
              -7,
              1
            ],
            [
              7,
              -6,
              1
            ],
            [
              7,
              -3,
              1
            ],
            [
              7,
              -2,
              1
            ],
            [
              8,
              -6,
              2
            ],
            [
              9,
              -7,
              1
            ],
            [
              9,
              -6,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 499,
          "minimumNonzero": 21,
          "maximumNonzero": 129,
          "minimumLive": 11,
          "maximumLive": 80,
          "minimumBoundaryDistance": 34,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 70,
          "live": 38,
          "stateCounts": [
            12411,
            38,
            32
          ],
          "minimumBoundaryDistance": 54,
          "nonzeroCentroid": [
            1.0516022639615195,
            -0.5785714285714286
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "8e21318f38ad4ed1851421682ca8d3796ec8d24712966f8c267e909b58153fac",
          "bounds": [
            -10.392304420471191,
            -17.5,
            16.454483032226562,
            17.5
          ]
        },
        {
          "t": 249,
          "active": 100,
          "live": 62,
          "stateCounts": [
            12381,
            62,
            38
          ],
          "minimumBoundaryDistance": 40,
          "nonzeroCentroid": [
            17.026059460639953,
            -8.7
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "d266337cfa61defc8f5ebe8200fe5343191adf51403eace5ed75b11dcbf3f204",
          "bounds": [
            1.7320507764816284,
            -29.5,
            39.8371696472168,
            13
          ]
        },
        {
          "t": 499,
          "active": 59,
          "live": 35,
          "stateCounts": [
            12422,
            35,
            24
          ],
          "minimumBoundaryDistance": 35,
          "nonzeroCentroid": [
            26.347722053527832,
            -15.330508474576272
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "fa6a7b17f8b6457dd758b15d79e965b94295b2dcb4088c87b386926b8756742c",
          "bounds": [
            10.392304420471191,
            -34,
            45.033321380615234,
            -3.5
          ]
        }
      ]
    },
    {
      "id": "hex-b23s4-p13-traveller",
      "category": "Hexagonal travellers",
      "title": "Hexagonal p13 diagonal spaceship",
      "summary": "John Cerkan's B23/S4 spaceship returns exactly with axial shift (1,1) every 13 generations, using at most 15 live cells.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B23/S4",
      "generations": 2,
      "borderRings": 1,
      "speed": 8,
      "coordinateStates": [
        [
          -2,
          2,
          1
        ],
        [
          -1,
          2,
          1
        ],
        [
          0,
          2,
          1
        ],
        [
          0,
          3,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          2,
          -2,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          2,
          0,
          1
        ],
        [
          3,
          0,
          1
        ]
      ],
      "expectedPeriod": 13,
      "moving": true,
      "translation": [
        1,
        1
      ],
      "view": {
        "mode": "trajectory",
        "bounds": [
          -4.330127239227295,
          -4,
          32.908966064453125,
          20.5
        ],
        "steps": 130,
        "padding": 3
      },
      "provenance": {
        "status": "published",
        "credit": "Published by John Cerkan (2020); independently replayed and verified for this package.",
        "note": "John Cerkan’s 15 March 2020 post in Outer-totalistic hexagonal rules with spaceships gives RLE o3bo$bo2bo$2b3o$2bo2bo! for B23/S4H. The catalogue is exactly this nine-cell published seed after (q,r)=(x,y-x) and a centring translation. The exact period and displacement were independently replayed. Use the original thread URL rather than the author-search URL retained in the older source fixture.",
        "sources": [
          {
            "label": "John Cerkan, B23/S4H period-13 spaceship (15 March 2020)",
            "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=3670"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js"
        ]
      },
      "catalogueCode": "X32",
      "ruleId": "R37",
      "cataloguePage": 89,
      "measurementText": ".",
      "fixedView": false,
      "sourceReferences": [
        9
      ],
      "audit": {
        "id": "hex-b23s4-p13-traveller",
        "title": "Hexagonal p13 diagonal spaceship",
        "status": "published",
        "rule": "B23/S4",
        "states": 2,
        "neighbourhood": "edge",
        "scientificClaim": "John Cerkan's B23/S4 spaceship returns exactly with axial shift (1,1) every 13 generations, using at most 15 live cells.",
        "interpretation": "The nine-live-cell starting phase returns after 13 updates with axial displacement (1,1). Complete-state comparison directly matches Cerkan’s published seed up to centring.",
        "limitations": "The verified translation recurrence establishes a spaceship on the unbounded lattice. The package does not claim discovery of the seed or its dynamics.",
        "illustrationGenerations": [
          0,
          6,
          13
        ],
        "provenance": {
          "status": "published",
          "credit": "Published by John Cerkan (2020); independently replayed and verified for this package.",
          "note": "John Cerkan’s 15 March 2020 post in Outer-totalistic hexagonal rules with spaceships gives RLE o3bo$bo2bo$2b3o$2bo2bo! for B23/S4H. The catalogue is exactly this nine-cell published seed after (q,r)=(x,y-x) and a centring translation. The exact period and displacement were independently replayed. Use the original thread URL rather than the author-search URL retained in the older source fixture.",
          "sources": [
            {
              "label": "John Cerkan, B23/S4H period-13 spaceship (15 March 2020)",
              "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=3670"
            }
          ],
          "evidence": [
            "research/fixtures/hexagonal-sources.json",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js",
            "research/fixtures/hex-published-provenance.json",
            "research/verify-hex-published-provenance.js"
          ]
        },
        "sources": [
          {
            "label": "John Cerkan, B23/S4H period-13 spaceship (15 March 2020)",
            "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=3670"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b23s4-p13-traveller",
          "title": "Hexagonal p13 diagonal spaceship",
          "category": "Hexagonal travellers",
          "tiling": "hex",
          "cells": 49537,
          "neighborhood": "edge",
          "rule": "B23/S4",
          "generations": 2,
          "kind": "spaceship benchmark",
          "steps": 13,
          "translation": [
            1,
            1
          ],
          "liveCells": 9,
          "phasePopulations": [
            9,
            10,
            9,
            13,
            8,
            10,
            10,
            15,
            10,
            10,
            10,
            11,
            11,
            9
          ],
          "ruleClauseActivity": []
        },
        "metrics": {
          "steps": 13,
          "translation": [
            1,
            1
          ],
          "kind": "spaceship",
          "transient": 0,
          "period": 13,
          "liveRange": [
            8,
            15
          ],
          "activeRange": [
            8,
            15
          ],
          "unionSize": 43,
          "unionComponents": [
            43
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "B2": 97,
            "B3": 38,
            "S4": 1
          },
          "phaseStatesSha256": "78be783b960ff8ebb417b68b048b9ec4b0ea44b779fd553f213559d471d1c9b2"
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Previously published by John Cerkan (15 March 2020): B23/S4H period-13 spaceship in Outer-totalistic hexagonal rules with spaceships [9]. The catalogue replays the published seed.",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: Published by John Cerkan (2020); independently replayed and verified for this package.",
          "references": [
            9
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b23s4-p13-traveller",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B23/S4",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24257,
            1
          ],
          [
            24513,
            1
          ],
          [
            24770,
            1
          ],
          [
            24771,
            1
          ],
          [
            25026,
            1
          ],
          [
            25279,
            1
          ],
          [
            25280,
            1
          ],
          [
            25281,
            1
          ],
          [
            25536,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -2,
              2,
              1
            ],
            [
              -1,
              2,
              1
            ],
            [
              0,
              2,
              1
            ],
            [
              0,
              3,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              2,
              -2,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              2,
              0,
              1
            ],
            [
              3,
              0,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 13,
          "minimumNonzero": 8,
          "maximumNonzero": 15,
          "minimumLive": 8,
          "maximumLive": 15,
          "minimumBoundaryDistance": 122,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 9,
          "live": 9,
          "stateCounts": [
            49528,
            9
          ],
          "minimumBoundaryDistance": 125,
          "nonzeroCentroid": [
            2.020725872781542,
            1.1666666666666667
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "a4ff618722bc1a84f4e720804314b01f819040cf8c5a9fcef4f6ef8a420602df",
          "bounds": [
            -4.330127239227295,
            -5.5,
            7.794228553771973,
            7
          ]
        },
        {
          "t": 6,
          "active": 10,
          "live": 10,
          "stateCounts": [
            49527,
            10
          ],
          "minimumBoundaryDistance": 124,
          "nonzeroCentroid": [
            1.2990381002426148,
            0.75
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "53a93db640397203a737eda698d4b68c5ae068b7ff2a44c2afa64acebc2f503c",
          "bounds": [
            -4.330127239227295,
            -5.5,
            7.794228553771973,
            8.5
          ]
        },
        {
          "t": 13,
          "active": 9,
          "live": 9,
          "stateCounts": [
            49528,
            9
          ],
          "minimumBoundaryDistance": 123,
          "nonzeroCentroid": [
            4.61880209048589,
            2.6666666666666665
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "786cdb054baba9e2a83016714334670598846ce0dceb1acb4a865fc5b0dabf36",
          "bounds": [
            -1.7320507764816284,
            -4,
            10.392304420471191,
            8.5
          ]
        }
      ]
    },
    {
      "id": "hex-b2s1-c3-p158-traveller",
      "category": "Hexagonal travellers",
      "title": "Hexagonal p158 wandering spaceship",
      "summary": "Published by c0b0p0: this three-state spaceship changes shape dramatically and doubles back locally, then repeats its complete state shifted by axial (-11,22) after 158 generations.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B2/S1",
      "generations": 3,
      "borderRings": 1,
      "speed": 20,
      "coordinateStates": [
        [
          -2,
          3,
          1
        ],
        [
          -2,
          4,
          1
        ],
        [
          -1,
          1,
          1
        ],
        [
          -1,
          2,
          2
        ],
        [
          -1,
          4,
          1
        ],
        [
          -1,
          5,
          1
        ],
        [
          0,
          -4,
          1
        ],
        [
          0,
          -3,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          0,
          4,
          1
        ],
        [
          1,
          -4,
          2
        ],
        [
          2,
          -4,
          2
        ],
        [
          2,
          -3,
          1
        ],
        [
          2,
          -2,
          1
        ],
        [
          2,
          -1,
          2
        ],
        [
          2,
          0,
          2
        ],
        [
          2,
          1,
          2
        ],
        [
          2,
          2,
          1
        ],
        [
          3,
          -5,
          1
        ],
        [
          3,
          -4,
          1
        ],
        [
          3,
          -2,
          1
        ],
        [
          3,
          -1,
          1
        ],
        [
          3,
          0,
          1
        ],
        [
          3,
          1,
          1
        ]
      ],
      "expectedPeriod": 158,
      "moving": true,
      "translation": [
        -11,
        22
      ],
      "view": {
        "mode": "trajectory",
        "bounds": [
          -38.97114181518555,
          -19,
          29.44486427307129,
          79
        ],
        "steps": 316,
        "padding": 3
      },
      "provenance": {
        "status": "published",
        "credit": "Published by c0b0p0 (2014); independently replayed and verified for this package.",
        "note": "The Hexagonal Generations Rules post by c0b0p0 dated 27 February 2014 supplies this exact B2/S1 three-state period-158 spaceship RLE. The catalogue retains every live and refractory initial state under (q,r)=(x,y-x), followed only by a centring translation. The full-state dynamics are therefore a replay of the published object, not a new package discovery.",
        "sources": [
          {
            "label": "c0b0p0, B2/S1 three-state period-158 spaceship (27 February 2014)",
            "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=1319"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js"
        ]
      },
      "catalogueCode": "X33",
      "ruleId": "R31",
      "cataloguePage": 90,
      "measurementText": ".",
      "fixedView": false,
      "sourceReferences": [
        8
      ],
      "audit": {
        "id": "hex-b2s1-c3-p158-traveller",
        "title": "Hexagonal p158 wandering spaceship",
        "status": "published",
        "rule": "B2/S1",
        "states": 3,
        "neighbourhood": "edge",
        "scientificClaim": "Published by c0b0p0: this three-state spaceship changes shape dramatically and doubles back locally, then repeats its complete state shifted by axial (-11,22) after 158 generations.",
        "interpretation": "After substantial reshaping, the complete state returns at generation 158 with axial displacement (-11,22). The orbit contains 24–126 nonzero cells, of which 14–73 are live.",
        "limitations": "The live population sequence happens to repeat after 79 steps, but population is not a state: the least complete-state translational period is 158. The published c0b0p0 seed includes refractory states and is not a package discovery.",
        "illustrationGenerations": [
          0,
          79,
          158
        ],
        "provenance": {
          "status": "published",
          "credit": "Published by c0b0p0 (2014); independently replayed and verified for this package.",
          "note": "The Hexagonal Generations Rules post by c0b0p0 dated 27 February 2014 supplies this exact B2/S1 three-state period-158 spaceship RLE. The catalogue retains every live and refractory initial state under (q,r)=(x,y-x), followed only by a centring translation. The full-state dynamics are therefore a replay of the published object, not a new package discovery.",
          "sources": [
            {
              "label": "c0b0p0, B2/S1 three-state period-158 spaceship (27 February 2014)",
              "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=1319"
            }
          ],
          "evidence": [
            "research/fixtures/hexagonal-sources.json",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js",
            "research/fixtures/hex-published-provenance.json",
            "research/verify-hex-published-provenance.js"
          ]
        },
        "sources": [
          {
            "label": "c0b0p0, B2/S1 three-state period-158 spaceship (27 February 2014)",
            "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=1319"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b2s1-c3-p158-traveller",
          "title": "Hexagonal p158 wandering spaceship",
          "category": "Hexagonal travellers",
          "tiling": "hex",
          "cells": 49537,
          "neighborhood": "edge",
          "rule": "B2/S1",
          "generations": 3,
          "kind": "spaceship benchmark",
          "steps": 158,
          "translation": [
            -11,
            22
          ],
          "liveCells": 18,
          "phasePopulations": [
            18,
            21,
            23,
            22,
            25,
            29,
            27,
            34,
            33,
            35,
            40,
            34,
            34,
            40,
            44,
            54,
            56,
            49,
            62,
            55,
            48,
            46,
            35,
            30,
            35,
            46,
            55,
            61,
            49,
            55,
            60,
            62,
            64,
            61,
            73,
            67,
            68,
            66,
            62,
            59,
            66,
            55,
            59,
            62,
            63,
            68,
            68,
            62,
            56,
            50,
            46,
            55,
            42,
            53,
            45,
            40,
            43,
            40,
            27,
            21,
            23,
            26,
            29,
            35,
            39,
            28,
            33,
            23,
            20,
            32,
            28,
            35,
            25,
            25,
            23,
            22,
            28,
            21,
            14,
            18,
            21,
            23,
            22,
            25,
            29,
            27,
            34,
            33,
            35,
            40,
            34,
            34,
            40,
            44,
            54,
            56,
            49,
            62,
            55,
            48,
            46,
            35,
            30,
            35,
            46,
            55,
            61,
            49,
            55,
            60,
            62,
            64,
            61,
            73,
            67,
            68,
            66,
            62,
            59,
            66,
            55,
            59,
            62,
            63,
            68,
            68,
            62,
            56,
            50,
            46,
            55,
            42,
            53,
            45,
            40,
            43,
            40,
            27,
            21,
            23,
            26,
            29,
            35,
            39,
            28,
            33,
            23,
            20,
            32,
            28,
            35,
            25,
            25,
            23,
            22,
            28,
            21,
            14,
            18
          ],
          "ruleClauseActivity": []
        },
        "metrics": {
          "steps": 158,
          "translation": [
            -11,
            22
          ],
          "kind": "spaceship",
          "transient": 0,
          "period": 158,
          "liveRange": [
            14,
            73
          ],
          "activeRange": [
            24,
            126
          ],
          "unionSize": 833,
          "unionComponents": [
            833
          ],
          "perCellPeriods": null,
          "ruleClauses": {
            "S1": 2258,
            "B2": 4476
          },
          "phaseStatesSha256": "053e35bbbea3abfed20d73f73edaf9a4663bcf90d98969695f779bb56f347463"
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Previously published by c0b0p0 (27 February 2014): B2/S1, C = 3, period-158 spaceship in Hexagonal Generations [8]. The catalogue replays the published complete seed.",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: Published by c0b0p0 (2014); independently replayed and verified for this package.",
          "references": [
            8
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b2s1-c3-p158-traveller",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S1",
        "states": 3,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24258,
            1
          ],
          [
            24259,
            1
          ],
          [
            24512,
            1
          ],
          [
            24513,
            2
          ],
          [
            24515,
            1
          ],
          [
            24516,
            1
          ],
          [
            24764,
            1
          ],
          [
            24765,
            1
          ],
          [
            24769,
            1
          ],
          [
            24772,
            1
          ],
          [
            25021,
            2
          ],
          [
            25277,
            2
          ],
          [
            25278,
            1
          ],
          [
            25279,
            1
          ],
          [
            25280,
            2
          ],
          [
            25281,
            2
          ],
          [
            25282,
            2
          ],
          [
            25283,
            1
          ],
          [
            25531,
            1
          ],
          [
            25532,
            1
          ],
          [
            25534,
            1
          ],
          [
            25535,
            1
          ],
          [
            25536,
            1
          ],
          [
            25537,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -2,
              3,
              1
            ],
            [
              -2,
              4,
              1
            ],
            [
              -1,
              1,
              1
            ],
            [
              -1,
              2,
              2
            ],
            [
              -1,
              4,
              1
            ],
            [
              -1,
              5,
              1
            ],
            [
              0,
              -4,
              1
            ],
            [
              0,
              -3,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              0,
              4,
              1
            ],
            [
              1,
              -4,
              2
            ],
            [
              2,
              -4,
              2
            ],
            [
              2,
              -3,
              1
            ],
            [
              2,
              -2,
              1
            ],
            [
              2,
              -1,
              2
            ],
            [
              2,
              0,
              2
            ],
            [
              2,
              1,
              2
            ],
            [
              2,
              2,
              1
            ],
            [
              3,
              -5,
              1
            ],
            [
              3,
              -4,
              1
            ],
            [
              3,
              -2,
              1
            ],
            [
              3,
              -1,
              1
            ],
            [
              3,
              0,
              1
            ],
            [
              3,
              1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 158,
          "minimumNonzero": 24,
          "maximumNonzero": 126,
          "minimumLive": 14,
          "maximumLive": 73,
          "minimumBoundaryDistance": 98,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 24,
          "live": 18,
          "stateCounts": [
            49513,
            18,
            6
          ],
          "minimumBoundaryDistance": 123,
          "nonzeroCentroid": [
            1.6237976128856342,
            -0.3125
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "df2653f968a4a524d86f2a636aa449164098c262ac06220dd1a202c68ca63ffb",
          "bounds": [
            -6.062177658081055,
            -10,
            8.66025447845459,
            10
          ]
        },
        {
          "t": 79,
          "active": 24,
          "live": 18,
          "stateCounts": [
            49513,
            18,
            6
          ],
          "minimumBoundaryDistance": 112,
          "nonzeroCentroid": [
            -11.150077044963837,
            16.1875
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "857239dd27c34153c4d70e4889cf74f8405748451e1a77c1fcc17b99cf7f4532",
          "bounds": [
            -18.186532974243164,
            6.5,
            -3.464101552963257,
            26.5
          ]
        },
        {
          "t": 158,
          "active": 24,
          "live": 18,
          "stateCounts": [
            49513,
            18,
            6
          ],
          "minimumBoundaryDistance": 101,
          "nonzeroCentroid": [
            1.6237976128856342,
            32.6875
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6c5512e50de6ca85c8e58cd27663a0d7b4a45e8bdf81f64b79d127947b432656",
          "bounds": [
            -6.062177658081055,
            23,
            8.66025447845459,
            43
          ]
        }
      ]
    },
    {
      "id": "hex-b2s34-wall-repair",
      "category": "Hexagonal constructions",
      "title": "Hexagonal self-repairing wall",
      "summary": "Dean Hickerson's oscillating wall repairs one missing cell. Its damaged evolution rejoins the pristine period-5 wall exactly at generation 44, after the exterior debris has disappeared.",
      "tiling": "hex",
      "depth": 64,
      "neighborhood": "edge",
      "rule": "B2/S34",
      "generations": 2,
      "borderRings": 1,
      "speed": 8,
      "coordinateStates": [
        [
          -21,
          10,
          1
        ],
        [
          -21,
          11,
          1
        ],
        [
          -20,
          10,
          1
        ],
        [
          -19,
          9,
          1
        ],
        [
          -19,
          10,
          1
        ],
        [
          -18,
          9,
          1
        ],
        [
          -17,
          8,
          1
        ],
        [
          -17,
          9,
          1
        ],
        [
          -16,
          8,
          1
        ],
        [
          -15,
          7,
          1
        ],
        [
          -15,
          8,
          1
        ],
        [
          -14,
          7,
          1
        ],
        [
          -13,
          6,
          1
        ],
        [
          -13,
          7,
          1
        ],
        [
          -12,
          6,
          1
        ],
        [
          -11,
          5,
          1
        ],
        [
          -11,
          6,
          1
        ],
        [
          -10,
          5,
          1
        ],
        [
          -9,
          4,
          1
        ],
        [
          -9,
          5,
          1
        ],
        [
          -8,
          4,
          1
        ],
        [
          -7,
          3,
          1
        ],
        [
          -7,
          4,
          1
        ],
        [
          -6,
          3,
          1
        ],
        [
          -5,
          2,
          1
        ],
        [
          -5,
          3,
          1
        ],
        [
          -4,
          2,
          1
        ],
        [
          -3,
          1,
          1
        ],
        [
          -3,
          2,
          1
        ],
        [
          -2,
          1,
          1
        ],
        [
          -1,
          0,
          1
        ],
        [
          -1,
          1,
          1
        ],
        [
          1,
          -1,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          3,
          -2,
          1
        ],
        [
          3,
          -1,
          1
        ],
        [
          4,
          -2,
          1
        ],
        [
          5,
          -3,
          1
        ],
        [
          5,
          -2,
          1
        ],
        [
          6,
          -3,
          1
        ],
        [
          7,
          -4,
          1
        ],
        [
          7,
          -3,
          1
        ],
        [
          8,
          -4,
          1
        ],
        [
          9,
          -5,
          1
        ],
        [
          9,
          -4,
          1
        ],
        [
          10,
          -5,
          1
        ],
        [
          11,
          -6,
          1
        ],
        [
          11,
          -5,
          1
        ],
        [
          12,
          -6,
          1
        ],
        [
          13,
          -7,
          1
        ],
        [
          13,
          -6,
          1
        ],
        [
          14,
          -7,
          1
        ],
        [
          15,
          -8,
          1
        ],
        [
          15,
          -7,
          1
        ],
        [
          16,
          -8,
          1
        ],
        [
          17,
          -9,
          1
        ],
        [
          17,
          -8,
          1
        ],
        [
          18,
          -9,
          1
        ],
        [
          19,
          -10,
          1
        ],
        [
          19,
          -9,
          1
        ],
        [
          20,
          -10,
          1
        ],
        [
          21,
          -11,
          1
        ],
        [
          21,
          -10,
          1
        ]
      ],
      "expectedPeriod": 5,
      "expectedTransient": 44,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -30.310888290405273,
          -19,
          30.310888290405273,
          19
        ],
        "steps": 49,
        "padding": 3
      },
      "provenance": {
        "status": "published",
        "credit": "Self-repairing wall published by Dean Hickerson (2016). The package independently verifies recovery of the complete state.",
        "note": "The 20 January 2016 post supplies the exact damaged-wall RLE used here. Direct coordinate comparison confirms the catalogue changes only embedding and centring. Independent replay of damaged and pristine walls shows full-state reunion at generation 44, including exterior debris. Hickerson describes earlier investigations of the rule, but this audit dates the retrieved public example to 2016 rather than assigning an unverified earlier discovery date.",
        "sources": [
          {
            "label": "Dean Hickerson, B2/S34 walls and billiard tables (20 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
          },
          {
            "label": "Primary discussion containing the published wall and billiard-table RLEs",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=26919"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js"
        ]
      },
      "catalogueCode": "X34",
      "ruleId": "R32",
      "cataloguePage": 91,
      "measurementText": "Least period p = 5; transient = 44; cycle L = 63-73; cycle territory = 87 tiles; cycle minimum boundary distance = 42.",
      "fixedView": false,
      "sourceReferences": [
        15,
        23
      ],
      "audit": {
        "id": "hex-b2s34-wall-repair",
        "title": "Hexagonal self-repairing wall",
        "status": "published",
        "rule": "B2/S34",
        "states": 2,
        "neighbourhood": "edge",
        "scientificClaim": "Dean Hickerson's oscillating wall repairs one missing cell. Its damaged evolution rejoins the pristine period-5 wall exactly at generation 44, after the exterior debris has disappeared.",
        "interpretation": "The damaged wall and its pristine counterpart are evolved separately. Their complete states first agree at generation 44, including disappearance of exterior debris; subsequent evolution lies on the same period-5 orbit.",
        "limitations": "The evidence concerns this specific one-cell defect. It does not establish recovery from arbitrary damage. The published damaged seed and the repair mechanism are credited to Hickerson.",
        "illustrationGenerations": [
          0,
          22,
          44
        ],
        "provenance": {
          "status": "published",
          "credit": "Self-repairing wall published by Dean Hickerson (2016). The package independently verifies recovery of the complete state.",
          "note": "The 20 January 2016 post supplies the exact damaged-wall RLE used here. Direct coordinate comparison confirms the catalogue changes only embedding and centring. Independent replay of damaged and pristine walls shows full-state reunion at generation 44, including exterior debris. Hickerson describes earlier investigations of the rule, but this audit dates the retrieved public example to 2016 rather than assigning an unverified earlier discovery date.",
          "sources": [
            {
              "label": "Dean Hickerson, B2/S34 walls and billiard tables (20 January 2016)",
              "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
            },
            {
              "label": "Primary discussion containing the published wall and billiard-table RLEs",
              "url": "https://conwaylife.com/forums/viewtopic.php?p=26919"
            }
          ],
          "evidence": [
            "research/fixtures/hexagonal-sources.json",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js",
            "research/fixtures/hex-published-provenance.json",
            "research/verify-hex-published-provenance.js"
          ]
        },
        "sources": [
          {
            "label": "Dean Hickerson, B2/S34 walls and billiard tables (20 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
          },
          {
            "label": "Primary discussion containing the published wall and billiard-table RLEs",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=26919"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b2s34-wall-repair",
          "title": "Hexagonal self-repairing wall",
          "category": "Hexagonal constructions",
          "tiling": "hex",
          "cells": 12481,
          "neighborhood": "edge",
          "rule": "B2/S34",
          "generations": 2,
          "kind": "localized transient to cycle",
          "transient": 44,
          "exactPeriod": 5,
          "minimumAlive": 63,
          "maximumAlive": 73,
          "supportCells": 87,
          "minimumBoundaryDistance": 42,
          "center": [
            0,
            0
          ],
          "radius": 33.04542376880027
        },
        "metrics": {
          "exactPeriod": 5,
          "transient": 44,
          "minimumAlive": 63,
          "maximumAlive": 73,
          "minimumBoundaryDistance": 42,
          "kind": "oscillator",
          "period": 5,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            63,
            73
          ],
          "activeRange": [
            63,
            73
          ],
          "unionSize": 87,
          "unionComponents": [
            87
          ],
          "perCellPeriods": {
            "1": 59,
            "5": 28
          },
          "ruleClauses": {
            "S3": 200,
            "S4": 103,
            "B2": 38
          },
          "phaseStatesSha256": "02749d2955c0ffbe950f74b1b1331ff79b2a836da58f94e74f0c5fcd8f413a46"
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Previously published by Dean Hickerson (20 January 2016): B2/S34H damaged self-repairing wall [15, 23]. The package verifies reunion with the pristine wall at generation 44.",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: Self-repairing wall published by Dean Hickerson (2016). The package independently verifies recovery of the complete state.",
          "references": [
            15,
            23
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b2s34-wall-repair",
        "tiling": "hex",
        "depth": 64,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S34",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 12481,
        "verticesPerTile": 6,
        "geometrySHA256": "5e3544dd21090ab0bfc33bca6c71e5770a9553db151eb3c682ae4b3bb41fb026",
        "graphSHA256": "e11b75225880b373caff63123345b600da3cac3892aca55bbb46c47c4f608b74",
        "initialCellStates": [
          [
            3751,
            1
          ],
          [
            3752,
            1
          ],
          [
            3860,
            1
          ],
          [
            3969,
            1
          ],
          [
            3970,
            1
          ],
          [
            4080,
            1
          ],
          [
            4191,
            1
          ],
          [
            4192,
            1
          ],
          [
            4304,
            1
          ],
          [
            4417,
            1
          ],
          [
            4418,
            1
          ],
          [
            4532,
            1
          ],
          [
            4647,
            1
          ],
          [
            4648,
            1
          ],
          [
            4764,
            1
          ],
          [
            4881,
            1
          ],
          [
            4882,
            1
          ],
          [
            5000,
            1
          ],
          [
            5119,
            1
          ],
          [
            5120,
            1
          ],
          [
            5240,
            1
          ],
          [
            5361,
            1
          ],
          [
            5362,
            1
          ],
          [
            5484,
            1
          ],
          [
            5607,
            1
          ],
          [
            5608,
            1
          ],
          [
            5732,
            1
          ],
          [
            5857,
            1
          ],
          [
            5858,
            1
          ],
          [
            5984,
            1
          ],
          [
            6111,
            1
          ],
          [
            6112,
            1
          ],
          [
            6368,
            1
          ],
          [
            6369,
            1
          ],
          [
            6496,
            1
          ],
          [
            6622,
            1
          ],
          [
            6623,
            1
          ],
          [
            6748,
            1
          ],
          [
            6872,
            1
          ],
          [
            6873,
            1
          ],
          [
            6996,
            1
          ],
          [
            7118,
            1
          ],
          [
            7119,
            1
          ],
          [
            7240,
            1
          ],
          [
            7360,
            1
          ],
          [
            7361,
            1
          ],
          [
            7480,
            1
          ],
          [
            7598,
            1
          ],
          [
            7599,
            1
          ],
          [
            7716,
            1
          ],
          [
            7832,
            1
          ],
          [
            7833,
            1
          ],
          [
            7948,
            1
          ],
          [
            8062,
            1
          ],
          [
            8063,
            1
          ],
          [
            8176,
            1
          ],
          [
            8288,
            1
          ],
          [
            8289,
            1
          ],
          [
            8400,
            1
          ],
          [
            8510,
            1
          ],
          [
            8511,
            1
          ],
          [
            8620,
            1
          ],
          [
            8728,
            1
          ],
          [
            8729,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -21,
              10,
              1
            ],
            [
              -21,
              11,
              1
            ],
            [
              -20,
              10,
              1
            ],
            [
              -19,
              9,
              1
            ],
            [
              -19,
              10,
              1
            ],
            [
              -18,
              9,
              1
            ],
            [
              -17,
              8,
              1
            ],
            [
              -17,
              9,
              1
            ],
            [
              -16,
              8,
              1
            ],
            [
              -15,
              7,
              1
            ],
            [
              -15,
              8,
              1
            ],
            [
              -14,
              7,
              1
            ],
            [
              -13,
              6,
              1
            ],
            [
              -13,
              7,
              1
            ],
            [
              -12,
              6,
              1
            ],
            [
              -11,
              5,
              1
            ],
            [
              -11,
              6,
              1
            ],
            [
              -10,
              5,
              1
            ],
            [
              -9,
              4,
              1
            ],
            [
              -9,
              5,
              1
            ],
            [
              -8,
              4,
              1
            ],
            [
              -7,
              3,
              1
            ],
            [
              -7,
              4,
              1
            ],
            [
              -6,
              3,
              1
            ],
            [
              -5,
              2,
              1
            ],
            [
              -5,
              3,
              1
            ],
            [
              -4,
              2,
              1
            ],
            [
              -3,
              1,
              1
            ],
            [
              -3,
              2,
              1
            ],
            [
              -2,
              1,
              1
            ],
            [
              -1,
              0,
              1
            ],
            [
              -1,
              1,
              1
            ],
            [
              1,
              -1,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              3,
              -2,
              1
            ],
            [
              3,
              -1,
              1
            ],
            [
              4,
              -2,
              1
            ],
            [
              5,
              -3,
              1
            ],
            [
              5,
              -2,
              1
            ],
            [
              6,
              -3,
              1
            ],
            [
              7,
              -4,
              1
            ],
            [
              7,
              -3,
              1
            ],
            [
              8,
              -4,
              1
            ],
            [
              9,
              -5,
              1
            ],
            [
              9,
              -4,
              1
            ],
            [
              10,
              -5,
              1
            ],
            [
              11,
              -6,
              1
            ],
            [
              11,
              -5,
              1
            ],
            [
              12,
              -6,
              1
            ],
            [
              13,
              -7,
              1
            ],
            [
              13,
              -6,
              1
            ],
            [
              14,
              -7,
              1
            ],
            [
              15,
              -8,
              1
            ],
            [
              15,
              -7,
              1
            ],
            [
              16,
              -8,
              1
            ],
            [
              17,
              -9,
              1
            ],
            [
              17,
              -8,
              1
            ],
            [
              18,
              -9,
              1
            ],
            [
              19,
              -10,
              1
            ],
            [
              19,
              -9,
              1
            ],
            [
              20,
              -10,
              1
            ],
            [
              21,
              -11,
              1
            ],
            [
              21,
              -10,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 44,
          "minimumNonzero": 51,
          "maximumNonzero": 119,
          "minimumLive": 51,
          "maximumLive": 119,
          "minimumBoundaryDistance": 42,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 64,
          "live": 64,
          "stateCounts": [
            12417,
            64
          ],
          "minimumBoundaryDistance": 43,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "26ccfaf57ce9624df346f684b08adba1d4f0d586b4c64a8a4e112fc455357500",
          "bounds": [
            -30.310888290405273,
            -19,
            30.310888290405273,
            19
          ]
        },
        {
          "t": 22,
          "active": 107,
          "live": 107,
          "stateCounts": [
            12374,
            107
          ],
          "minimumBoundaryDistance": 43,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "2dd103d5dfc8266c1fedac91cb57c47954bee32ba1280406248c719be5170ac4",
          "bounds": [
            -30.310888290405273,
            -19,
            30.310888290405273,
            19
          ]
        },
        {
          "t": 44,
          "active": 73,
          "live": 73,
          "stateCounts": [
            12408,
            73
          ],
          "minimumBoundaryDistance": 42,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "9761918b31edf2da1a41e9fc02a215a316786a1deba1668fefd924cfb991c9fc",
          "bounds": [
            -32.042938232421875,
            -20.5,
            32.042938232421875,
            20.5
          ]
        }
      ]
    },
    {
      "id": "hex-b2s34-p2044-billiard",
      "category": "Hexagonal constructions",
      "title": "Hexagonal p2044 billiard table",
      "summary": "Dean Hickerson's narrow B2/S34 enclosure contains a bouncing, branching signal with exact period 2,044. The construction illustrates an XOR-like one-dimensional evolution inside a hexagonal board.",
      "tiling": "hex",
      "depth": 64,
      "neighborhood": "edge",
      "rule": "B2/S34",
      "generations": 2,
      "borderRings": 1,
      "speed": 100,
      "coordinateStates": [
        [
          -14,
          -7,
          1
        ],
        [
          -13,
          -7,
          1
        ],
        [
          -12,
          -9,
          1
        ],
        [
          -12,
          -8,
          1
        ],
        [
          -12,
          -7,
          1
        ],
        [
          -12,
          -6,
          1
        ],
        [
          -11,
          -12,
          1
        ],
        [
          -11,
          -11,
          1
        ],
        [
          -11,
          -10,
          1
        ],
        [
          -11,
          -9,
          1
        ],
        [
          -11,
          -7,
          1
        ],
        [
          -11,
          -6,
          1
        ],
        [
          -11,
          -5,
          1
        ],
        [
          -10,
          -11,
          1
        ],
        [
          -10,
          -6,
          1
        ],
        [
          -10,
          -5,
          1
        ],
        [
          -10,
          -4,
          1
        ],
        [
          -9,
          -12,
          1
        ],
        [
          -9,
          -11,
          1
        ],
        [
          -9,
          -5,
          1
        ],
        [
          -9,
          -4,
          1
        ],
        [
          -9,
          -3,
          1
        ],
        [
          -8,
          -12,
          1
        ],
        [
          -8,
          -7,
          1
        ],
        [
          -8,
          -4,
          1
        ],
        [
          -8,
          -3,
          1
        ],
        [
          -8,
          -2,
          1
        ],
        [
          -7,
          -13,
          1
        ],
        [
          -7,
          -12,
          1
        ],
        [
          -7,
          -11,
          1
        ],
        [
          -7,
          -8,
          1
        ],
        [
          -7,
          -3,
          1
        ],
        [
          -7,
          -2,
          1
        ],
        [
          -7,
          -1,
          1
        ],
        [
          -6,
          -14,
          1
        ],
        [
          -6,
          -12,
          1
        ],
        [
          -6,
          -11,
          1
        ],
        [
          -6,
          -10,
          1
        ],
        [
          -6,
          -2,
          1
        ],
        [
          -6,
          -1,
          1
        ],
        [
          -6,
          0,
          1
        ],
        [
          -5,
          -11,
          1
        ],
        [
          -5,
          -10,
          1
        ],
        [
          -5,
          -9,
          1
        ],
        [
          -5,
          -1,
          1
        ],
        [
          -5,
          0,
          1
        ],
        [
          -5,
          1,
          1
        ],
        [
          -4,
          -10,
          1
        ],
        [
          -4,
          -9,
          1
        ],
        [
          -4,
          -8,
          1
        ],
        [
          -4,
          0,
          1
        ],
        [
          -4,
          1,
          1
        ],
        [
          -4,
          2,
          1
        ],
        [
          -3,
          -9,
          1
        ],
        [
          -3,
          -8,
          1
        ],
        [
          -3,
          -7,
          1
        ],
        [
          -3,
          1,
          1
        ],
        [
          -3,
          2,
          1
        ],
        [
          -3,
          3,
          1
        ],
        [
          -2,
          -8,
          1
        ],
        [
          -2,
          -7,
          1
        ],
        [
          -2,
          -6,
          1
        ],
        [
          -2,
          2,
          1
        ],
        [
          -2,
          3,
          1
        ],
        [
          -2,
          4,
          1
        ],
        [
          -1,
          -7,
          1
        ],
        [
          -1,
          -6,
          1
        ],
        [
          -1,
          -5,
          1
        ],
        [
          -1,
          3,
          1
        ],
        [
          -1,
          4,
          1
        ],
        [
          -1,
          5,
          1
        ],
        [
          0,
          -6,
          1
        ],
        [
          0,
          -5,
          1
        ],
        [
          0,
          -4,
          1
        ],
        [
          0,
          4,
          1
        ],
        [
          0,
          5,
          1
        ],
        [
          0,
          6,
          1
        ],
        [
          1,
          -5,
          1
        ],
        [
          1,
          -4,
          1
        ],
        [
          1,
          -3,
          1
        ],
        [
          1,
          5,
          1
        ],
        [
          1,
          6,
          1
        ],
        [
          1,
          7,
          1
        ],
        [
          2,
          -4,
          1
        ],
        [
          2,
          -3,
          1
        ],
        [
          2,
          -2,
          1
        ],
        [
          2,
          6,
          1
        ],
        [
          2,
          7,
          1
        ],
        [
          2,
          8,
          1
        ],
        [
          3,
          -3,
          1
        ],
        [
          3,
          -2,
          1
        ],
        [
          3,
          -1,
          1
        ],
        [
          3,
          7,
          1
        ],
        [
          3,
          8,
          1
        ],
        [
          3,
          9,
          1
        ],
        [
          4,
          -2,
          1
        ],
        [
          4,
          -1,
          1
        ],
        [
          4,
          0,
          1
        ],
        [
          4,
          8,
          1
        ],
        [
          4,
          9,
          1
        ],
        [
          4,
          10,
          1
        ],
        [
          5,
          -1,
          1
        ],
        [
          5,
          0,
          1
        ],
        [
          5,
          1,
          1
        ],
        [
          5,
          9,
          1
        ],
        [
          5,
          10,
          1
        ],
        [
          5,
          11,
          1
        ],
        [
          6,
          0,
          1
        ],
        [
          6,
          1,
          1
        ],
        [
          6,
          2,
          1
        ],
        [
          6,
          10,
          1
        ],
        [
          6,
          11,
          1
        ],
        [
          6,
          12,
          1
        ],
        [
          6,
          14,
          1
        ],
        [
          7,
          1,
          1
        ],
        [
          7,
          2,
          1
        ],
        [
          7,
          3,
          1
        ],
        [
          7,
          11,
          1
        ],
        [
          7,
          12,
          1
        ],
        [
          7,
          13,
          1
        ],
        [
          8,
          2,
          1
        ],
        [
          8,
          3,
          1
        ],
        [
          8,
          4,
          1
        ],
        [
          8,
          12,
          1
        ],
        [
          9,
          3,
          1
        ],
        [
          9,
          4,
          1
        ],
        [
          9,
          5,
          1
        ],
        [
          9,
          11,
          1
        ],
        [
          9,
          12,
          1
        ],
        [
          10,
          4,
          1
        ],
        [
          10,
          5,
          1
        ],
        [
          10,
          6,
          1
        ],
        [
          10,
          11,
          1
        ],
        [
          11,
          5,
          1
        ],
        [
          11,
          6,
          1
        ],
        [
          11,
          7,
          1
        ],
        [
          11,
          9,
          1
        ],
        [
          11,
          10,
          1
        ],
        [
          11,
          11,
          1
        ],
        [
          11,
          12,
          1
        ],
        [
          12,
          6,
          1
        ],
        [
          12,
          7,
          1
        ],
        [
          12,
          8,
          1
        ],
        [
          12,
          9,
          1
        ],
        [
          13,
          7,
          1
        ],
        [
          14,
          7,
          1
        ]
      ],
      "expectedPeriod": 2044,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -31.17691421508789,
          -22,
          31.17691421508789,
          22
        ],
        "steps": 2044,
        "padding": 3
      },
      "provenance": {
        "status": "published",
        "credit": "Period-2044 billiard table published by Dean Hickerson (2016); independently verified for this package.",
        "note": "The 20 January 2016 post supplies the exact B2/S34H period-2044 billiard-table RLE used here and describes the one-dimensional XOR behaviour inside its walls. Direct coordinate comparison confirms the catalogue changes only embedding and centring. The package’s long complete-state replay verifies the published oscillator; it does not establish a new oscillator or a new XOR mechanism.",
        "sources": [
          {
            "label": "Dean Hickerson, B2/S34 walls and billiard tables (20 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
          },
          {
            "label": "Primary discussion containing the published wall and billiard-table RLEs",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=26919"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js"
        ]
      },
      "catalogueCode": "X35",
      "ruleId": "R32",
      "cataloguePage": 92,
      "measurementText": "Least period p = 2044; transient = 0; cycle L = 146-198; cycle territory = 243 tiles; cycle minimum boundary distance = 41.",
      "fixedView": true,
      "sourceReferences": [
        15,
        23
      ],
      "audit": {
        "id": "hex-b2s34-p2044-billiard",
        "title": "Hexagonal p2044 billiard table",
        "status": "published",
        "rule": "B2/S34",
        "states": 2,
        "neighbourhood": "edge",
        "scientificClaim": "Dean Hickerson's narrow B2/S34 enclosure contains a bouncing, branching signal with exact period 2,044. The construction illustrates an XOR-like one-dimensional evolution inside a hexagonal board.",
        "interpretation": "A narrow enclosure supports a branching and bouncing signal whose complete state first returns after 2,044 updates. Hickerson describes the one-dimensional XOR behaviour responsible for its internal dynamics.",
        "limitations": "This is a published bounded oscillator, not a newly discovered XOR mechanism. Exact recurrence includes the walls as well as the moving internal signal.",
        "illustrationGenerations": [
          0,
          511,
          1022
        ],
        "provenance": {
          "status": "published",
          "credit": "Period-2044 billiard table published by Dean Hickerson (2016); independently verified for this package.",
          "note": "The 20 January 2016 post supplies the exact B2/S34H period-2044 billiard-table RLE used here and describes the one-dimensional XOR behaviour inside its walls. Direct coordinate comparison confirms the catalogue changes only embedding and centring. The package’s long complete-state replay verifies the published oscillator; it does not establish a new oscillator or a new XOR mechanism.",
          "sources": [
            {
              "label": "Dean Hickerson, B2/S34 walls and billiard tables (20 January 2016)",
              "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
            },
            {
              "label": "Primary discussion containing the published wall and billiard-table RLEs",
              "url": "https://conwaylife.com/forums/viewtopic.php?p=26919"
            }
          ],
          "evidence": [
            "research/fixtures/hexagonal-sources.json",
            "research/fixtures/hexagonal-evidence.json",
            "research/hex-reference.js",
            "test-hexagonal-evidence.js",
            "research/fixtures/hex-published-provenance.json",
            "research/verify-hex-published-provenance.js"
          ]
        },
        "sources": [
          {
            "label": "Dean Hickerson, B2/S34 walls and billiard tables (20 January 2016)",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
          },
          {
            "label": "Primary discussion containing the published wall and billiard-table RLEs",
            "url": "https://conwaylife.com/forums/viewtopic.php?p=26919"
          }
        ],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "research/fixtures/hex-published-provenance.json",
          "research/verify-hex-published-provenance.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "hex-b2s34-p2044-billiard",
          "title": "Hexagonal p2044 billiard table",
          "category": "Hexagonal constructions",
          "tiling": "hex",
          "cells": 12481,
          "neighborhood": "edge",
          "rule": "B2/S34",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 2044,
          "minimumAlive": 146,
          "maximumAlive": 198,
          "supportCells": 243,
          "minimumBoundaryDistance": 41,
          "center": [
            0,
            0
          ],
          "radius": 34.51086831796022
        },
        "metrics": {
          "exactPeriod": 2044,
          "transient": 0,
          "minimumAlive": 146,
          "maximumAlive": 198,
          "minimumBoundaryDistance": 41,
          "kind": "oscillator",
          "period": 2044,
          "translation": [
            0,
            0
          ],
          "liveRange": [
            146,
            198
          ],
          "activeRange": [
            146,
            198
          ],
          "unionSize": 243,
          "unionComponents": [
            243
          ],
          "perCellPeriods": {
            "1": 138,
            "2": 12,
            "1022": 3,
            "2044": 90
          },
          "ruleClauses": {
            "S3": 165528,
            "S4": 116544,
            "B2": 49128
          },
          "phaseStatesSha256": "8d303b8627774c4fc4504eafc725853d020e39e5475f323c4c9097ae0114ab2b"
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Previously published by Dean Hickerson (20 January 2016): B2/S34H period-2044 billiard table [15, 23]. The package independently verifies its complete-state period.",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: Period-2044 billiard table published by Dean Hickerson (2016); independently verified for this package.",
          "references": [
            15,
            23
          ]
        }
      ],
      "reproduction": {
        "id": "hex-b2s34-p2044-billiard",
        "tiling": "hex",
        "depth": 64,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B2/S34",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 12481,
        "verticesPerTile": 6,
        "geometrySHA256": "5e3544dd21090ab0bfc33bca6c71e5770a9553db151eb3c682ae4b3bb41fb026",
        "graphSHA256": "e11b75225880b373caff63123345b600da3cac3892aca55bbb46c47c4f608b74",
        "initialCellStates": [
          [
            4518,
            1
          ],
          [
            4634,
            1
          ],
          [
            4749,
            1
          ],
          [
            4750,
            1
          ],
          [
            4751,
            1
          ],
          [
            4752,
            1
          ],
          [
            4864,
            1
          ],
          [
            4865,
            1
          ],
          [
            4866,
            1
          ],
          [
            4867,
            1
          ],
          [
            4869,
            1
          ],
          [
            4870,
            1
          ],
          [
            4871,
            1
          ],
          [
            4984,
            1
          ],
          [
            4989,
            1
          ],
          [
            4990,
            1
          ],
          [
            4991,
            1
          ],
          [
            5103,
            1
          ],
          [
            5104,
            1
          ],
          [
            5110,
            1
          ],
          [
            5111,
            1
          ],
          [
            5112,
            1
          ],
          [
            5224,
            1
          ],
          [
            5229,
            1
          ],
          [
            5232,
            1
          ],
          [
            5233,
            1
          ],
          [
            5234,
            1
          ],
          [
            5345,
            1
          ],
          [
            5346,
            1
          ],
          [
            5347,
            1
          ],
          [
            5350,
            1
          ],
          [
            5355,
            1
          ],
          [
            5356,
            1
          ],
          [
            5357,
            1
          ],
          [
            5467,
            1
          ],
          [
            5469,
            1
          ],
          [
            5470,
            1
          ],
          [
            5471,
            1
          ],
          [
            5479,
            1
          ],
          [
            5480,
            1
          ],
          [
            5481,
            1
          ],
          [
            5594,
            1
          ],
          [
            5595,
            1
          ],
          [
            5596,
            1
          ],
          [
            5604,
            1
          ],
          [
            5605,
            1
          ],
          [
            5606,
            1
          ],
          [
            5720,
            1
          ],
          [
            5721,
            1
          ],
          [
            5722,
            1
          ],
          [
            5730,
            1
          ],
          [
            5731,
            1
          ],
          [
            5732,
            1
          ],
          [
            5847,
            1
          ],
          [
            5848,
            1
          ],
          [
            5849,
            1
          ],
          [
            5857,
            1
          ],
          [
            5858,
            1
          ],
          [
            5859,
            1
          ],
          [
            5975,
            1
          ],
          [
            5976,
            1
          ],
          [
            5977,
            1
          ],
          [
            5985,
            1
          ],
          [
            5986,
            1
          ],
          [
            5987,
            1
          ],
          [
            6104,
            1
          ],
          [
            6105,
            1
          ],
          [
            6106,
            1
          ],
          [
            6114,
            1
          ],
          [
            6115,
            1
          ],
          [
            6116,
            1
          ],
          [
            6234,
            1
          ],
          [
            6235,
            1
          ],
          [
            6236,
            1
          ],
          [
            6244,
            1
          ],
          [
            6245,
            1
          ],
          [
            6246,
            1
          ],
          [
            6364,
            1
          ],
          [
            6365,
            1
          ],
          [
            6366,
            1
          ],
          [
            6374,
            1
          ],
          [
            6375,
            1
          ],
          [
            6376,
            1
          ],
          [
            6493,
            1
          ],
          [
            6494,
            1
          ],
          [
            6495,
            1
          ],
          [
            6503,
            1
          ],
          [
            6504,
            1
          ],
          [
            6505,
            1
          ],
          [
            6621,
            1
          ],
          [
            6622,
            1
          ],
          [
            6623,
            1
          ],
          [
            6631,
            1
          ],
          [
            6632,
            1
          ],
          [
            6633,
            1
          ],
          [
            6748,
            1
          ],
          [
            6749,
            1
          ],
          [
            6750,
            1
          ],
          [
            6758,
            1
          ],
          [
            6759,
            1
          ],
          [
            6760,
            1
          ],
          [
            6874,
            1
          ],
          [
            6875,
            1
          ],
          [
            6876,
            1
          ],
          [
            6884,
            1
          ],
          [
            6885,
            1
          ],
          [
            6886,
            1
          ],
          [
            6999,
            1
          ],
          [
            7000,
            1
          ],
          [
            7001,
            1
          ],
          [
            7009,
            1
          ],
          [
            7010,
            1
          ],
          [
            7011,
            1
          ],
          [
            7013,
            1
          ],
          [
            7123,
            1
          ],
          [
            7124,
            1
          ],
          [
            7125,
            1
          ],
          [
            7133,
            1
          ],
          [
            7134,
            1
          ],
          [
            7135,
            1
          ],
          [
            7246,
            1
          ],
          [
            7247,
            1
          ],
          [
            7248,
            1
          ],
          [
            7256,
            1
          ],
          [
            7368,
            1
          ],
          [
            7369,
            1
          ],
          [
            7370,
            1
          ],
          [
            7376,
            1
          ],
          [
            7377,
            1
          ],
          [
            7489,
            1
          ],
          [
            7490,
            1
          ],
          [
            7491,
            1
          ],
          [
            7496,
            1
          ],
          [
            7609,
            1
          ],
          [
            7610,
            1
          ],
          [
            7611,
            1
          ],
          [
            7613,
            1
          ],
          [
            7614,
            1
          ],
          [
            7615,
            1
          ],
          [
            7616,
            1
          ],
          [
            7728,
            1
          ],
          [
            7729,
            1
          ],
          [
            7730,
            1
          ],
          [
            7731,
            1
          ],
          [
            7846,
            1
          ],
          [
            7962,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -14,
              -7,
              1
            ],
            [
              -13,
              -7,
              1
            ],
            [
              -12,
              -9,
              1
            ],
            [
              -12,
              -8,
              1
            ],
            [
              -12,
              -7,
              1
            ],
            [
              -12,
              -6,
              1
            ],
            [
              -11,
              -12,
              1
            ],
            [
              -11,
              -11,
              1
            ],
            [
              -11,
              -10,
              1
            ],
            [
              -11,
              -9,
              1
            ],
            [
              -11,
              -7,
              1
            ],
            [
              -11,
              -6,
              1
            ],
            [
              -11,
              -5,
              1
            ],
            [
              -10,
              -11,
              1
            ],
            [
              -10,
              -6,
              1
            ],
            [
              -10,
              -5,
              1
            ],
            [
              -10,
              -4,
              1
            ],
            [
              -9,
              -12,
              1
            ],
            [
              -9,
              -11,
              1
            ],
            [
              -9,
              -5,
              1
            ],
            [
              -9,
              -4,
              1
            ],
            [
              -9,
              -3,
              1
            ],
            [
              -8,
              -12,
              1
            ],
            [
              -8,
              -7,
              1
            ],
            [
              -8,
              -4,
              1
            ],
            [
              -8,
              -3,
              1
            ],
            [
              -8,
              -2,
              1
            ],
            [
              -7,
              -13,
              1
            ],
            [
              -7,
              -12,
              1
            ],
            [
              -7,
              -11,
              1
            ],
            [
              -7,
              -8,
              1
            ],
            [
              -7,
              -3,
              1
            ],
            [
              -7,
              -2,
              1
            ],
            [
              -7,
              -1,
              1
            ],
            [
              -6,
              -14,
              1
            ],
            [
              -6,
              -12,
              1
            ],
            [
              -6,
              -11,
              1
            ],
            [
              -6,
              -10,
              1
            ],
            [
              -6,
              -2,
              1
            ],
            [
              -6,
              -1,
              1
            ],
            [
              -6,
              0,
              1
            ],
            [
              -5,
              -11,
              1
            ],
            [
              -5,
              -10,
              1
            ],
            [
              -5,
              -9,
              1
            ],
            [
              -5,
              -1,
              1
            ],
            [
              -5,
              0,
              1
            ],
            [
              -5,
              1,
              1
            ],
            [
              -4,
              -10,
              1
            ],
            [
              -4,
              -9,
              1
            ],
            [
              -4,
              -8,
              1
            ],
            [
              -4,
              0,
              1
            ],
            [
              -4,
              1,
              1
            ],
            [
              -4,
              2,
              1
            ],
            [
              -3,
              -9,
              1
            ],
            [
              -3,
              -8,
              1
            ],
            [
              -3,
              -7,
              1
            ],
            [
              -3,
              1,
              1
            ],
            [
              -3,
              2,
              1
            ],
            [
              -3,
              3,
              1
            ],
            [
              -2,
              -8,
              1
            ],
            [
              -2,
              -7,
              1
            ],
            [
              -2,
              -6,
              1
            ],
            [
              -2,
              2,
              1
            ],
            [
              -2,
              3,
              1
            ],
            [
              -2,
              4,
              1
            ],
            [
              -1,
              -7,
              1
            ],
            [
              -1,
              -6,
              1
            ],
            [
              -1,
              -5,
              1
            ],
            [
              -1,
              3,
              1
            ],
            [
              -1,
              4,
              1
            ],
            [
              -1,
              5,
              1
            ],
            [
              0,
              -6,
              1
            ],
            [
              0,
              -5,
              1
            ],
            [
              0,
              -4,
              1
            ],
            [
              0,
              4,
              1
            ],
            [
              0,
              5,
              1
            ],
            [
              0,
              6,
              1
            ],
            [
              1,
              -5,
              1
            ],
            [
              1,
              -4,
              1
            ],
            [
              1,
              -3,
              1
            ],
            [
              1,
              5,
              1
            ],
            [
              1,
              6,
              1
            ],
            [
              1,
              7,
              1
            ],
            [
              2,
              -4,
              1
            ],
            [
              2,
              -3,
              1
            ],
            [
              2,
              -2,
              1
            ],
            [
              2,
              6,
              1
            ],
            [
              2,
              7,
              1
            ],
            [
              2,
              8,
              1
            ],
            [
              3,
              -3,
              1
            ],
            [
              3,
              -2,
              1
            ],
            [
              3,
              -1,
              1
            ],
            [
              3,
              7,
              1
            ],
            [
              3,
              8,
              1
            ],
            [
              3,
              9,
              1
            ],
            [
              4,
              -2,
              1
            ],
            [
              4,
              -1,
              1
            ],
            [
              4,
              0,
              1
            ],
            [
              4,
              8,
              1
            ],
            [
              4,
              9,
              1
            ],
            [
              4,
              10,
              1
            ],
            [
              5,
              -1,
              1
            ],
            [
              5,
              0,
              1
            ],
            [
              5,
              1,
              1
            ],
            [
              5,
              9,
              1
            ],
            [
              5,
              10,
              1
            ],
            [
              5,
              11,
              1
            ],
            [
              6,
              0,
              1
            ],
            [
              6,
              1,
              1
            ],
            [
              6,
              2,
              1
            ],
            [
              6,
              10,
              1
            ],
            [
              6,
              11,
              1
            ],
            [
              6,
              12,
              1
            ],
            [
              6,
              14,
              1
            ],
            [
              7,
              1,
              1
            ],
            [
              7,
              2,
              1
            ],
            [
              7,
              3,
              1
            ],
            [
              7,
              11,
              1
            ],
            [
              7,
              12,
              1
            ],
            [
              7,
              13,
              1
            ],
            [
              8,
              2,
              1
            ],
            [
              8,
              3,
              1
            ],
            [
              8,
              4,
              1
            ],
            [
              8,
              12,
              1
            ],
            [
              9,
              3,
              1
            ],
            [
              9,
              4,
              1
            ],
            [
              9,
              5,
              1
            ],
            [
              9,
              11,
              1
            ],
            [
              9,
              12,
              1
            ],
            [
              10,
              4,
              1
            ],
            [
              10,
              5,
              1
            ],
            [
              10,
              6,
              1
            ],
            [
              10,
              11,
              1
            ],
            [
              11,
              5,
              1
            ],
            [
              11,
              6,
              1
            ],
            [
              11,
              7,
              1
            ],
            [
              11,
              9,
              1
            ],
            [
              11,
              10,
              1
            ],
            [
              11,
              11,
              1
            ],
            [
              11,
              12,
              1
            ],
            [
              12,
              6,
              1
            ],
            [
              12,
              7,
              1
            ],
            [
              12,
              8,
              1
            ],
            [
              12,
              9,
              1
            ],
            [
              13,
              7,
              1
            ],
            [
              14,
              7,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 1022,
          "minimumNonzero": 146,
          "maximumNonzero": 198,
          "minimumLive": 146,
          "maximumLive": 198,
          "minimumBoundaryDistance": 41,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 146,
          "live": 146,
          "stateCounts": [
            12335,
            146
          ],
          "minimumBoundaryDistance": 41,
          "nonzeroCentroid": [
            -0.2669256419351656,
            -0.1541095890410959
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "2dad35148312b25456ff0b9bdd728e14d9dcc9988fa001094a0ade5ceeff599d",
          "bounds": [
            -32.908966064453125,
            -23.5,
            32.908966064453125,
            23.5
          ]
        },
        {
          "t": 511,
          "active": 156,
          "live": 156,
          "stateCounts": [
            12325,
            156
          ],
          "minimumBoundaryDistance": 41,
          "nonzeroCentroid": [
            0.09992600709964068,
            0.057692307692307696
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "03c921c6eb0577664e1c5f7f906ea0ce5b805cf216731d28a938a49f8524ffff",
          "bounds": [
            -32.908966064453125,
            -23.5,
            32.908966064453125,
            23.5
          ]
        },
        {
          "t": 1022,
          "active": 146,
          "live": 146,
          "stateCounts": [
            12335,
            146
          ],
          "minimumBoundaryDistance": 41,
          "nonzeroCentroid": [
            0.2669256419351656,
            0.1541095890410959
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "ca2335888ee7d6dd4190f825f5f3d4d2af3ee5de95b2361b53f481a7723bddcc",
          "bounds": [
            -32.908966064453125,
            -23.5,
            32.908966064453125,
            23.5
          ]
        }
      ]
    },
    {
      "id": "hex-parity-seven-copy",
      "category": "Hexagonal guns, puffers and replication",
      "title": "Hexagonal seven-copy replicator",
      "summary": "Three live cells become seven exact separated copies after eight generations: one central copy and six around it. B135/S0246 is an XOR rule; the same seven-copy relation holds at larger powers of two.",
      "tiling": "hex",
      "depth": 128,
      "neighborhood": "edge",
      "rule": "B135/S0246",
      "generations": 2,
      "borderRings": 1,
      "speed": 6,
      "coordinateStates": [
        [
          -1,
          0,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          -1,
          2,
          1
        ]
      ],
      "expectedReplication": {
        "steps": 8,
        "translations": [
          [
            0,
            0
          ],
          [
            8,
            0
          ],
          [
            0,
            8
          ],
          [
            -8,
            8
          ],
          [
            -8,
            0
          ],
          [
            0,
            -8
          ],
          [
            8,
            -8
          ]
        ]
      },
      "view": {
        "mode": "trajectory",
        "bounds": [
          -58.02370071411133,
          -49,
          56.29165267944336,
          52
        ],
        "steps": 32,
        "padding": 3
      },
      "provenance": {
        "status": "package-constructed",
        "credit": "Illustrative seed constructed for this package using the standard additive/XOR cellular-automaton mechanism.",
        "note": "The three-live-cell initial pattern was assembled for the package, not mined from a soup or imported as an attributed published pattern. B135/S0246 computes the XOR of the centre and six neighbours. Over GF(2), powers of two of this linear update yield translated copies, giving the seven-copy demonstration once their supports are disjoint. The package claims this illustrative arrangement and its exact verification only; neither XOR replication nor the underlying algebra is a new principle. No external source is asserted for this particular seed.",
        "sources": [],
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "docs/HEXAGONAL_STRUCTURES.md"
        ]
      },
      "catalogueCode": "C01",
      "ruleId": "R29",
      "cataloguePage": 93,
      "measurementText": ".",
      "fixedView": false,
      "sourceReferences": [],
      "audit": {
        "id": "hex-parity-seven-copy",
        "title": "Hexagonal seven-copy replicator",
        "status": "package-constructed",
        "rule": "B135/S0246",
        "states": 2,
        "neighbourhood": "Six edge-adjacent hexagonal cells",
        "seed": [
          [
            -1,
            0,
            1
          ],
          [
            0,
            0,
            1
          ],
          [
            -1,
            2,
            1
          ]
        ],
        "preciseClaim": "Under binary B135/S0246 the next state is the XOR of the centre and its six neighbours. At times 2^k the evolution equals the XOR of seven translations of the seed. For this seed these seven copies are disjoint at times 8, 16 and 32, with 21 live cells.",
        "limitations": [
          "No external source is asserted for this exact three-cell arrangement.",
          "XOR replication and the GF(2) explanation are standard; this is a demonstration, not a claim of a new mechanism.",
          "At other times, populations may exceed 21 and translated copies can overlap modulo 2."
        ],
        "suggestedIllustrationGenerations": [
          0,
          4,
          8,
          16
        ],
        "verificationFacts": {
          "copies": 7,
          "disjointTimes": [
            8,
            16,
            32
          ],
          "proof": "For the sum L of seven commuting translation operators over GF(2), L^(2^k) is their 2^k-th-power sum."
        },
        "provenanceConcern": "The three-live-cell initial pattern was assembled for the package, not mined from a soup or imported as an attributed published pattern. B135/S0246 computes the XOR of the centre and six neighbours. Over GF(2), powers of two of this linear update yield translated copies, giving the seven-copy demonstration once their supports are disjoint. The package claims this illustrative arrangement and its exact verification only; neither XOR replication nor the underlying algebra is a new principle. No external source is asserted for this particular seed.",
        "evidence": [
          "research/fixtures/hexagonal-sources.json",
          "research/fixtures/hexagonal-evidence.json",
          "research/hex-reference.js",
          "test-hexagonal-evidence.js",
          "docs/HEXAGONAL_STRUCTURES.md"
        ],
        "scope": "Constructed demonstration appendix",
        "seedType": "Illustrative three-live-cell seed chosen for this package, not a newly discovered replication mechanism."
      },
      "attributionLabel": "Package-constructed illustration of the established additive/XOR mechanism, using rule R29. The three-cell arrangement and verification are package contributions; the replication principle is not new.",
      "citationGroups": [],
      "reproduction": {
        "id": "hex-parity-seven-copy",
        "tiling": "hex",
        "depth": 128,
        "penroseSeed": null,
        "neighbourhood": "edge",
        "rule": "B135/S0246",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 49537,
        "verticesPerTile": 6,
        "geometrySHA256": "48dcc71f48e6ca5cc6eb77dcad3e324961c472a840eda2b7e688ad0959bdba75",
        "graphSHA256": "06287651486f679637de22c2deb8a4add4b551ce33861953aff4036949a04a56",
        "initialCellStates": [
          [
            24511,
            1
          ],
          [
            24513,
            1
          ],
          [
            24768,
            1
          ]
        ],
        "exactSeed": {
          "kind": "axial-coordinate-states",
          "coordinateStates": [
            [
              -1,
              0,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              -1,
              2,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 8,
          "minimumNonzero": 3,
          "maximumNonzero": 115,
          "minimumLive": 3,
          "maximumLive": 115,
          "minimumBoundaryDistance": 118,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 3,
          "live": 3,
          "stateCounts": [
            49534,
            3
          ],
          "minimumBoundaryDistance": 126,
          "nonzeroCentroid": [
            -0.5773502588272095,
            1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "e4848024a1481d8d57cf21f7f1842ea097d5352810fcba5e67e5685426fea24e",
          "bounds": [
            -4.330127239227295,
            -2.5,
            2.598076105117798,
            5.5
          ]
        },
        {
          "t": 4,
          "active": 21,
          "live": 21,
          "stateCounts": [
            49516,
            21
          ],
          "minimumBoundaryDistance": 122,
          "nonzeroCentroid": [
            -0.5773502815337408,
            1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "97457fc2c48364d32c534c30a4a604ad902a0f151c00784d15429cc5d190fc38",
          "bounds": [
            -11.258330345153809,
            -8.5,
            9.52627944946289,
            11.5
          ]
        },
        {
          "t": 8,
          "active": 21,
          "live": 21,
          "stateCounts": [
            49516,
            21
          ],
          "minimumBoundaryDistance": 118,
          "nonzeroCentroid": [
            -0.5773503383000692,
            1
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "75b6df8d5c1268d5dc66af39643f4c52a038e91805351fac47e8c95e51c01c64",
          "bounds": [
            -18.186532974243164,
            -14.5,
            16.454483032226562,
            17.5
          ]
        }
      ]
    },
    {
      "id": "square-block",
      "category": "Classic square Life",
      "title": "Block still life",
      "summary": "The four-cell block is unchanged after every update: an exact period-1 still life in Conway Life.",
      "tiling": "square",
      "depth": 51,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 2,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "coordinateStates": [
        [
          -1,
          -1,
          1
        ],
        [
          0,
          -1,
          1
        ],
        [
          -1,
          0,
          1
        ],
        [
          0,
          0,
          1
        ]
      ],
      "expectedPeriod": 1,
      "provenance": {
        "status": "published",
        "credit": "Classical Conway Life pattern",
        "note": "Published in the original 1970 presentation of Conway Life. The package uses the standard four-cell block, translated for display; it makes no separate discovery claim. An individual discoverer is not assigned here.",
        "sources": [
          {
            "label": "Martin Gardner, Scientific American, October 1970 (original article)",
            "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
          },
          {
            "label": "Stephen Silver, Life Lexicon: block (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_b.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json"
        ]
      },
      "catalogueCode": "S01",
      "ruleId": "R55",
      "cataloguePage": 94,
      "measurementText": "Least period p = 1; transient = 0; cycle L = 4-4; cycle territory = 4 tiles; cycle minimum boundary distance = 24.",
      "fixedView": true,
      "sourceReferences": [
        13,
        24
      ],
      "audit": {
        "id": "square-block",
        "title": "Block still life",
        "status": "published",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "scientificClaim": "The four-cell block is unchanged after every update: an exact period-1 still life in Conway Life.",
        "interpretation": "Each of the four live cells has three live neighbours; no surrounding dead cell has three. The state therefore remains unchanged.",
        "limitations": "This is a standard still life. Its fixed-state identity is exact and is independent of the distant finite boundary.",
        "illustrationGenerations": [
          0,
          1,
          2
        ],
        "provenance": {
          "status": "published",
          "credit": "Classical Conway Life pattern",
          "note": "Published in the original 1970 presentation of Conway Life. The package uses the standard four-cell block, translated for display; it makes no separate discovery claim. An individual discoverer is not assigned here.",
          "sources": [
            {
              "label": "Martin Gardner, Scientific American, October 1970 (original article)",
              "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
            },
            {
              "label": "Stephen Silver, Life Lexicon: block (Golly distribution)",
              "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_b.htm"
            }
          ],
          "evidence": [
            "discoveries.js",
            "test-discoveries.js",
            "research/verify-catalog.js",
            "research/fixtures/catalogue-verification.json"
          ]
        },
        "sources": [
          {
            "label": "Martin Gardner, Scientific American, October 1970 (original article)",
            "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
          },
          {
            "label": "Stephen Silver, Life Lexicon: block (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_b.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "square-block",
          "title": "Block still life",
          "category": "Classic square Life",
          "tiling": "square",
          "cells": 2601,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "still life",
          "transient": 0,
          "exactPeriod": 1,
          "minimumAlive": 4,
          "maximumAlive": 4,
          "supportCells": 4,
          "minimumBoundaryDistance": 24,
          "center": [
            -0.5,
            -0.5
          ],
          "radius": 0.7071067811865476
        },
        "metrics": {
          "exactPeriod": 1,
          "transient": 0,
          "minimumAlive": 4,
          "maximumAlive": 4,
          "minimumBoundaryDistance": 24
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Published classical pattern: the four-cell block in Martin Gardner’s original Conway Life article (1970) [13]; also Silver’s Life Lexicon [24]. Individual discoverer unconfirmed.",
      "citationGroups": [
        {
          "label": "Published pattern sources; neither is used to assign an individual discoverer",
          "references": [
            13,
            24
          ]
        }
      ],
      "reproduction": {
        "id": "square-block",
        "tiling": "square",
        "depth": 51,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 2601,
        "verticesPerTile": 4,
        "geometrySHA256": "981c04dea6fbf1c91b3285bc8dca7f024b3e04ea5a674cb2e50830bf54d27cb1",
        "graphSHA256": "bde6ad68f1eb6fde0509970893bcfdbc4b2641830fa5108a6b15d898ae08f80c",
        "initialCellStates": [
          [
            1248,
            1
          ],
          [
            1249,
            1
          ],
          [
            1299,
            1
          ],
          [
            1300,
            1
          ]
        ],
        "exactSeed": {
          "kind": "integer-square-coordinate-states",
          "coordinateStates": [
            [
              -1,
              -1,
              1
            ],
            [
              0,
              -1,
              1
            ],
            [
              -1,
              0,
              1
            ],
            [
              0,
              0,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 2,
          "minimumNonzero": 4,
          "maximumNonzero": 4,
          "minimumLive": 4,
          "maximumLive": 4,
          "minimumBoundaryDistance": 24,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 4,
          "live": 4,
          "stateCounts": [
            2597,
            4
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            -0.5,
            -0.5
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "810ac97ad39036a62ebe2a6cd2892ac774d48958b112486864ec35d773dd0c84",
          "bounds": [
            -2.5,
            -2.5,
            1.5,
            1.5
          ]
        },
        {
          "t": 1,
          "active": 4,
          "live": 4,
          "stateCounts": [
            2597,
            4
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            -0.5,
            -0.5
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "810ac97ad39036a62ebe2a6cd2892ac774d48958b112486864ec35d773dd0c84",
          "bounds": [
            -2.5,
            -2.5,
            1.5,
            1.5
          ]
        },
        {
          "t": 2,
          "active": 4,
          "live": 4,
          "stateCounts": [
            2597,
            4
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            -0.5,
            -0.5
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "810ac97ad39036a62ebe2a6cd2892ac774d48958b112486864ec35d773dd0c84",
          "bounds": [
            -2.5,
            -2.5,
            1.5,
            1.5
          ]
        }
      ]
    },
    {
      "id": "square-blinker",
      "category": "Classic square Life",
      "title": "Blinker — period 2",
      "summary": "The smallest Conway oscillator alternates between horizontal and vertical lines.",
      "tiling": "square",
      "depth": 51,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 4,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "coordinateStates": [
        [
          -1,
          0,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          1,
          0,
          1
        ]
      ],
      "expectedPeriod": 2,
      "provenance": {
        "status": "published",
        "credit": "John H. Conway",
        "note": "The Life Lexicon credits Conway; the period-2 three-cell oscillator also appears in Gardner’s original article. The package uses its standard horizontal phase, translated for display.",
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: blinker (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_b.htm"
          },
          {
            "label": "Martin Gardner, Scientific American, October 1970 (original article)",
            "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json"
        ]
      },
      "catalogueCode": "S02",
      "ruleId": "R55",
      "cataloguePage": 95,
      "measurementText": "Least period p = 2; transient = 0; cycle L = 3-3; cycle territory = 5 tiles; cycle minimum boundary distance = 24.",
      "fixedView": true,
      "sourceReferences": [
        13,
        24
      ],
      "audit": {
        "id": "square-blinker",
        "title": "Blinker — period 2",
        "status": "published",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "scientificClaim": "The smallest Conway oscillator alternates between horizontal and vertical lines.",
        "interpretation": "The horizontal line becomes a vertical line and returns on the next update. The union of the two phases contains five positions.",
        "limitations": "Exact first return at generation 2 establishes the least temporal period. It is a standard published oscillator.",
        "illustrationGenerations": [
          0,
          1,
          2
        ],
        "provenance": {
          "status": "published",
          "credit": "John H. Conway",
          "note": "The Life Lexicon credits Conway; the period-2 three-cell oscillator also appears in Gardner’s original article. The package uses its standard horizontal phase, translated for display.",
          "sources": [
            {
              "label": "Stephen Silver, Life Lexicon: blinker (Golly distribution)",
              "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_b.htm"
            },
            {
              "label": "Martin Gardner, Scientific American, October 1970 (original article)",
              "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
            }
          ],
          "evidence": [
            "discoveries.js",
            "test-discoveries.js",
            "research/verify-catalog.js",
            "research/fixtures/catalogue-verification.json"
          ]
        },
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: blinker (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_b.htm"
          },
          {
            "label": "Martin Gardner, Scientific American, October 1970 (original article)",
            "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "square-blinker",
          "title": "Blinker — period 2",
          "category": "Classic square Life",
          "tiling": "square",
          "cells": 2601,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 2,
          "minimumAlive": 3,
          "maximumAlive": 3,
          "supportCells": 5,
          "minimumBoundaryDistance": 24,
          "center": [
            0,
            0
          ],
          "radius": 1
        },
        "metrics": {
          "exactPeriod": 2,
          "transient": 0,
          "minimumAlive": 3,
          "maximumAlive": 3,
          "minimumBoundaryDistance": 24
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "John H. Conway’s blinker, attributed in Stephen Silver’s Life Lexicon [24] and published in Martin Gardner’s original Conway Life article (1970) [13].",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: John H. Conway",
          "references": [
            13,
            24
          ]
        }
      ],
      "reproduction": {
        "id": "square-blinker",
        "tiling": "square",
        "depth": 51,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 2601,
        "verticesPerTile": 4,
        "geometrySHA256": "981c04dea6fbf1c91b3285bc8dca7f024b3e04ea5a674cb2e50830bf54d27cb1",
        "graphSHA256": "bde6ad68f1eb6fde0509970893bcfdbc4b2641830fa5108a6b15d898ae08f80c",
        "initialCellStates": [
          [
            1299,
            1
          ],
          [
            1300,
            1
          ],
          [
            1301,
            1
          ]
        ],
        "exactSeed": {
          "kind": "integer-square-coordinate-states",
          "coordinateStates": [
            [
              -1,
              0,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              1,
              0,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 2,
          "minimumNonzero": 3,
          "maximumNonzero": 3,
          "minimumLive": 3,
          "maximumLive": 3,
          "minimumBoundaryDistance": 24,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 3,
          "live": 3,
          "stateCounts": [
            2598,
            3
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "f68701bfe73855ae946304a46732e6307530b8620b1363654721f3766a1cb189",
          "bounds": [
            -2.5,
            -1.5,
            2.5,
            1.5
          ]
        },
        {
          "t": 1,
          "active": 3,
          "live": 3,
          "stateCounts": [
            2598,
            3
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6292b5b41726caa7a43720d5d94ff941767b067a755e21b460e17f09c5daaedd",
          "bounds": [
            -1.5,
            -2.5,
            1.5,
            2.5
          ]
        },
        {
          "t": 2,
          "active": 3,
          "live": 3,
          "stateCounts": [
            2598,
            3
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "f68701bfe73855ae946304a46732e6307530b8620b1363654721f3766a1cb189",
          "bounds": [
            -2.5,
            -1.5,
            2.5,
            1.5
          ]
        }
      ]
    },
    {
      "id": "square-pulsar",
      "category": "Classic square Life",
      "title": "Pulsar — period 3",
      "summary": "A symmetric 48-cell Conway oscillator with exact first-return period 3.",
      "tiling": "square",
      "depth": 51,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 5,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "coordinateStates": [
        [
          -4,
          -6,
          1
        ],
        [
          -3,
          -6,
          1
        ],
        [
          -2,
          -6,
          1
        ],
        [
          2,
          -6,
          1
        ],
        [
          3,
          -6,
          1
        ],
        [
          4,
          -6,
          1
        ],
        [
          -6,
          -4,
          1
        ],
        [
          -1,
          -4,
          1
        ],
        [
          1,
          -4,
          1
        ],
        [
          6,
          -4,
          1
        ],
        [
          -6,
          -3,
          1
        ],
        [
          -1,
          -3,
          1
        ],
        [
          1,
          -3,
          1
        ],
        [
          6,
          -3,
          1
        ],
        [
          -6,
          -2,
          1
        ],
        [
          -1,
          -2,
          1
        ],
        [
          1,
          -2,
          1
        ],
        [
          6,
          -2,
          1
        ],
        [
          -4,
          -1,
          1
        ],
        [
          -3,
          -1,
          1
        ],
        [
          -2,
          -1,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          3,
          -1,
          1
        ],
        [
          4,
          -1,
          1
        ],
        [
          -4,
          1,
          1
        ],
        [
          -3,
          1,
          1
        ],
        [
          -2,
          1,
          1
        ],
        [
          2,
          1,
          1
        ],
        [
          3,
          1,
          1
        ],
        [
          4,
          1,
          1
        ],
        [
          -6,
          2,
          1
        ],
        [
          -1,
          2,
          1
        ],
        [
          1,
          2,
          1
        ],
        [
          6,
          2,
          1
        ],
        [
          -6,
          3,
          1
        ],
        [
          -1,
          3,
          1
        ],
        [
          1,
          3,
          1
        ],
        [
          6,
          3,
          1
        ],
        [
          -6,
          4,
          1
        ],
        [
          -1,
          4,
          1
        ],
        [
          1,
          4,
          1
        ],
        [
          6,
          4,
          1
        ],
        [
          -4,
          6,
          1
        ],
        [
          -3,
          6,
          1
        ],
        [
          -2,
          6,
          1
        ],
        [
          2,
          6,
          1
        ],
        [
          3,
          6,
          1
        ],
        [
          4,
          6,
          1
        ]
      ],
      "expectedPeriod": 3,
      "provenance": {
        "status": "published",
        "credit": "John H. Conway",
        "note": "The Life Lexicon credits Conway, and the 48-cell pulsar is described in the original 1970 article. The package uses the standard published 48-cell phase; placement and playback settings are package choices.",
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: pulsar (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_p.htm"
          },
          {
            "label": "Martin Gardner, Scientific American, October 1970 (original article)",
            "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json"
        ]
      },
      "catalogueCode": "S03",
      "ruleId": "R55",
      "cataloguePage": 96,
      "measurementText": "Least period p = 3; transient = 0; cycle L = 48-72; cycle territory = 88 tiles; cycle minimum boundary distance = 18.",
      "fixedView": true,
      "sourceReferences": [
        13,
        25
      ],
      "audit": {
        "id": "square-pulsar",
        "title": "Pulsar — period 3",
        "status": "published",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "scientificClaim": "A symmetric 48-cell Conway oscillator with exact first-return period 3.",
        "interpretation": "The supplied 48-cell phase belongs to a three-phase cycle. The changing population does not change the fact that every cell state returns after three updates.",
        "limitations": "The quoted period is for the complete state, not merely its population or appearance. This is the classical published pulsar.",
        "illustrationGenerations": [
          0,
          1,
          2
        ],
        "provenance": {
          "status": "published",
          "credit": "John H. Conway",
          "note": "The Life Lexicon credits Conway, and the 48-cell pulsar is described in the original 1970 article. The package uses the standard published 48-cell phase; placement and playback settings are package choices.",
          "sources": [
            {
              "label": "Stephen Silver, Life Lexicon: pulsar (Golly distribution)",
              "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_p.htm"
            },
            {
              "label": "Martin Gardner, Scientific American, October 1970 (original article)",
              "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
            }
          ],
          "evidence": [
            "discoveries.js",
            "test-discoveries.js",
            "research/verify-catalog.js",
            "research/fixtures/catalogue-verification.json"
          ]
        },
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: pulsar (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_p.htm"
          },
          {
            "label": "Martin Gardner, Scientific American, October 1970 (original article)",
            "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "square-pulsar",
          "title": "Pulsar — period 3",
          "category": "Classic square Life",
          "tiling": "square",
          "cells": 2601,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 3,
          "minimumAlive": 48,
          "maximumAlive": 72,
          "supportCells": 88,
          "minimumBoundaryDistance": 18,
          "center": [
            0,
            0
          ],
          "radius": 7.615773105863909
        },
        "metrics": {
          "exactPeriod": 3,
          "transient": 0,
          "minimumAlive": 48,
          "maximumAlive": 72,
          "minimumBoundaryDistance": 18
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "John H. Conway’s pulsar, attributed in Stephen Silver’s Life Lexicon [25] and published in Martin Gardner’s original Conway Life article (1970) [13].",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: John H. Conway",
          "references": [
            13,
            25
          ]
        }
      ],
      "reproduction": {
        "id": "square-pulsar",
        "tiling": "square",
        "depth": 51,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 2601,
        "verticesPerTile": 4,
        "geometrySHA256": "981c04dea6fbf1c91b3285bc8dca7f024b3e04ea5a674cb2e50830bf54d27cb1",
        "graphSHA256": "bde6ad68f1eb6fde0509970893bcfdbc4b2641830fa5108a6b15d898ae08f80c",
        "initialCellStates": [
          [
            990,
            1
          ],
          [
            991,
            1
          ],
          [
            992,
            1
          ],
          [
            996,
            1
          ],
          [
            997,
            1
          ],
          [
            998,
            1
          ],
          [
            1090,
            1
          ],
          [
            1095,
            1
          ],
          [
            1097,
            1
          ],
          [
            1102,
            1
          ],
          [
            1141,
            1
          ],
          [
            1146,
            1
          ],
          [
            1148,
            1
          ],
          [
            1153,
            1
          ],
          [
            1192,
            1
          ],
          [
            1197,
            1
          ],
          [
            1199,
            1
          ],
          [
            1204,
            1
          ],
          [
            1245,
            1
          ],
          [
            1246,
            1
          ],
          [
            1247,
            1
          ],
          [
            1251,
            1
          ],
          [
            1252,
            1
          ],
          [
            1253,
            1
          ],
          [
            1347,
            1
          ],
          [
            1348,
            1
          ],
          [
            1349,
            1
          ],
          [
            1353,
            1
          ],
          [
            1354,
            1
          ],
          [
            1355,
            1
          ],
          [
            1396,
            1
          ],
          [
            1401,
            1
          ],
          [
            1403,
            1
          ],
          [
            1408,
            1
          ],
          [
            1447,
            1
          ],
          [
            1452,
            1
          ],
          [
            1454,
            1
          ],
          [
            1459,
            1
          ],
          [
            1498,
            1
          ],
          [
            1503,
            1
          ],
          [
            1505,
            1
          ],
          [
            1510,
            1
          ],
          [
            1602,
            1
          ],
          [
            1603,
            1
          ],
          [
            1604,
            1
          ],
          [
            1608,
            1
          ],
          [
            1609,
            1
          ],
          [
            1610,
            1
          ]
        ],
        "exactSeed": {
          "kind": "integer-square-coordinate-states",
          "coordinateStates": [
            [
              -4,
              -6,
              1
            ],
            [
              -3,
              -6,
              1
            ],
            [
              -2,
              -6,
              1
            ],
            [
              2,
              -6,
              1
            ],
            [
              3,
              -6,
              1
            ],
            [
              4,
              -6,
              1
            ],
            [
              -6,
              -4,
              1
            ],
            [
              -1,
              -4,
              1
            ],
            [
              1,
              -4,
              1
            ],
            [
              6,
              -4,
              1
            ],
            [
              -6,
              -3,
              1
            ],
            [
              -1,
              -3,
              1
            ],
            [
              1,
              -3,
              1
            ],
            [
              6,
              -3,
              1
            ],
            [
              -6,
              -2,
              1
            ],
            [
              -1,
              -2,
              1
            ],
            [
              1,
              -2,
              1
            ],
            [
              6,
              -2,
              1
            ],
            [
              -4,
              -1,
              1
            ],
            [
              -3,
              -1,
              1
            ],
            [
              -2,
              -1,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              3,
              -1,
              1
            ],
            [
              4,
              -1,
              1
            ],
            [
              -4,
              1,
              1
            ],
            [
              -3,
              1,
              1
            ],
            [
              -2,
              1,
              1
            ],
            [
              2,
              1,
              1
            ],
            [
              3,
              1,
              1
            ],
            [
              4,
              1,
              1
            ],
            [
              -6,
              2,
              1
            ],
            [
              -1,
              2,
              1
            ],
            [
              1,
              2,
              1
            ],
            [
              6,
              2,
              1
            ],
            [
              -6,
              3,
              1
            ],
            [
              -1,
              3,
              1
            ],
            [
              1,
              3,
              1
            ],
            [
              6,
              3,
              1
            ],
            [
              -6,
              4,
              1
            ],
            [
              -1,
              4,
              1
            ],
            [
              1,
              4,
              1
            ],
            [
              6,
              4,
              1
            ],
            [
              -4,
              6,
              1
            ],
            [
              -3,
              6,
              1
            ],
            [
              -2,
              6,
              1
            ],
            [
              2,
              6,
              1
            ],
            [
              3,
              6,
              1
            ],
            [
              4,
              6,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 2,
          "minimumNonzero": 48,
          "maximumNonzero": 72,
          "minimumLive": 48,
          "maximumLive": 72,
          "minimumBoundaryDistance": 18,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 48,
          "live": 48,
          "stateCounts": [
            2553,
            48
          ],
          "minimumBoundaryDistance": 19,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "fc4051a66f0042a2f12241a75d87af2458a072c2720eeded15c491e0f68421ca",
          "bounds": [
            -7.5,
            -7.5,
            7.5,
            7.5
          ]
        },
        {
          "t": 1,
          "active": 56,
          "live": 56,
          "stateCounts": [
            2545,
            56
          ],
          "minimumBoundaryDistance": 18,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b30e4e2a421f9c1bcbdaefcbc874dbaf6417e9519272dad267b784ecfb829292",
          "bounds": [
            -8.5,
            -8.5,
            8.5,
            8.5
          ]
        },
        {
          "t": 2,
          "active": 72,
          "live": 72,
          "stateCounts": [
            2529,
            72
          ],
          "minimumBoundaryDistance": 19,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "79820543c67f5888f0a46b122c19cd99a945d76e693cb399f67893f0bb29ae76",
          "bounds": [
            -7.5,
            -7.5,
            7.5,
            7.5
          ]
        }
      ]
    },
    {
      "id": "square-pentadecathlon",
      "category": "Classic square Life",
      "title": "Pentadecathlon — period 15",
      "summary": "A compact Conway oscillator whose complete state first returns after 15 generations.",
      "tiling": "square",
      "depth": 51,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 12,
      "view": {
        "mode": "initial",
        "padding": 4
      },
      "coordinateStates": [
        [
          -3,
          -1,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          -5,
          0,
          1
        ],
        [
          -4,
          0,
          1
        ],
        [
          -2,
          0,
          1
        ],
        [
          -1,
          0,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          3,
          0,
          1
        ],
        [
          4,
          0,
          1
        ],
        [
          -3,
          1,
          1
        ],
        [
          2,
          1,
          1
        ]
      ],
      "expectedPeriod": 15,
      "provenance": {
        "status": "published",
        "credit": "John H. Conway",
        "note": "The Life Lexicon credits Conway’s 1970 investigation of short rows. This is the published 12-cell oscillator phase, not a new 12-cell construction; the ten-cell row is a predecessor.",
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: pentadecathlon (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_p.htm"
          },
          {
            "label": "Martin Gardner, Scientific American, October 1970 (original article)",
            "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json"
        ]
      },
      "catalogueCode": "S04",
      "ruleId": "R55",
      "cataloguePage": 97,
      "measurementText": "Least period p = 15; transient = 0; cycle L = 12-40; cycle territory = 80 tiles; cycle minimum boundary distance = 17.",
      "fixedView": true,
      "sourceReferences": [
        13,
        25
      ],
      "audit": {
        "id": "square-pentadecathlon",
        "title": "Pentadecathlon — period 15",
        "status": "published",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "scientificClaim": "A compact Conway oscillator whose complete state first returns after 15 generations.",
        "interpretation": "The 12-cell phase is already on the recurrent orbit. It should not be confused with the ten-cell straight row that eventually produces a pentadecathlon.",
        "limitations": "The complete state first returns after 15 updates. The package supplies a phase of the classical oscillator, not a newly discovered seed.",
        "illustrationGenerations": [
          0,
          4,
          8
        ],
        "provenance": {
          "status": "published",
          "credit": "John H. Conway",
          "note": "The Life Lexicon credits Conway’s 1970 investigation of short rows. This is the published 12-cell oscillator phase, not a new 12-cell construction; the ten-cell row is a predecessor.",
          "sources": [
            {
              "label": "Stephen Silver, Life Lexicon: pentadecathlon (Golly distribution)",
              "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_p.htm"
            },
            {
              "label": "Martin Gardner, Scientific American, October 1970 (original article)",
              "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
            }
          ],
          "evidence": [
            "discoveries.js",
            "test-discoveries.js",
            "research/verify-catalog.js",
            "research/fixtures/catalogue-verification.json"
          ]
        },
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: pentadecathlon (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_p.htm"
          },
          {
            "label": "Martin Gardner, Scientific American, October 1970 (original article)",
            "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "square-pentadecathlon",
          "title": "Pentadecathlon — period 15",
          "category": "Classic square Life",
          "tiling": "square",
          "cells": 2601,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "isolated oscillator",
          "transient": 0,
          "exactPeriod": 15,
          "minimumAlive": 12,
          "maximumAlive": 40,
          "supportCells": 80,
          "minimumBoundaryDistance": 17,
          "center": [
            -0.5,
            0
          ],
          "radius": 7.5
        },
        "metrics": {
          "exactPeriod": 15,
          "transient": 0,
          "minimumAlive": 12,
          "maximumAlive": 40,
          "minimumBoundaryDistance": 17
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "John H. Conway’s pentadecathlon, attributed in Stephen Silver’s Life Lexicon [25]. The catalogue uses its established twelve-cell phase.",
      "citationGroups": [
        {
          "label": "Pattern attribution and standard phase: Stephen Silver’s Life Lexicon, pentadecathlon",
          "references": [
            25
          ]
        }
      ],
      "reproduction": {
        "id": "square-pentadecathlon",
        "tiling": "square",
        "depth": 51,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 2601,
        "verticesPerTile": 4,
        "geometrySHA256": "981c04dea6fbf1c91b3285bc8dca7f024b3e04ea5a674cb2e50830bf54d27cb1",
        "graphSHA256": "bde6ad68f1eb6fde0509970893bcfdbc4b2641830fa5108a6b15d898ae08f80c",
        "initialCellStates": [
          [
            1246,
            1
          ],
          [
            1251,
            1
          ],
          [
            1295,
            1
          ],
          [
            1296,
            1
          ],
          [
            1298,
            1
          ],
          [
            1299,
            1
          ],
          [
            1300,
            1
          ],
          [
            1301,
            1
          ],
          [
            1303,
            1
          ],
          [
            1304,
            1
          ],
          [
            1348,
            1
          ],
          [
            1353,
            1
          ]
        ],
        "exactSeed": {
          "kind": "integer-square-coordinate-states",
          "coordinateStates": [
            [
              -3,
              -1,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              -5,
              0,
              1
            ],
            [
              -4,
              0,
              1
            ],
            [
              -2,
              0,
              1
            ],
            [
              -1,
              0,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              3,
              0,
              1
            ],
            [
              4,
              0,
              1
            ],
            [
              -3,
              1,
              1
            ],
            [
              2,
              1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 7,
          "minimumNonzero": 12,
          "maximumNonzero": 40,
          "minimumLive": 12,
          "maximumLive": 40,
          "minimumBoundaryDistance": 18,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 12,
          "live": 12,
          "stateCounts": [
            2589,
            12
          ],
          "minimumBoundaryDistance": 20,
          "nonzeroCentroid": [
            -0.5,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "3eaffadb54ee6455d3a9f98c612397d24661564549ae21d864edc25d815e3045",
          "bounds": [
            -6.5,
            -2.5,
            5.5,
            2.5
          ]
        },
        {
          "t": 3,
          "active": 40,
          "live": 40,
          "stateCounts": [
            2561,
            40
          ],
          "minimumBoundaryDistance": 20,
          "nonzeroCentroid": [
            -0.5,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "130e871d0e19c655cad563180f46d577a0eaaf285048aa2dbf5146d58b29fd34",
          "bounds": [
            -6.5,
            -4.5,
            5.5,
            4.5
          ]
        },
        {
          "t": 7,
          "active": 28,
          "live": 28,
          "stateCounts": [
            2573,
            28
          ],
          "minimumBoundaryDistance": 18,
          "nonzeroCentroid": [
            -0.5,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "5f1a00245376a23c10744db45e4b3fcbaef05324aab7bb1db87bd348d50b0f4a",
          "bounds": [
            -8.5,
            -3.5,
            7.5,
            3.5
          ]
        }
      ]
    },
    {
      "id": "square-glider",
      "category": "Classic square Life",
      "title": "Glider — diagonal spaceship",
      "summary": "The traditional Conway glider translates by one square in each axis every four generations.",
      "tiling": "square",
      "depth": 51,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 8,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -1.5,
          -1.5,
          17.5,
          17.5
        ],
        "steps": 64,
        "padding": 4
      },
      "coordinateStates": [
        [
          0,
          -1,
          1
        ],
        [
          1,
          0,
          1
        ],
        [
          -1,
          1,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          1,
          1,
          1
        ]
      ],
      "expectedPeriod": 4,
      "moving": true,
      "translation": [
        1,
        1
      ],
      "provenance": {
        "status": "published",
        "credit": "Richard K. Guy",
        "note": "Credit is to Richard K. Guy, as explicitly recorded in the Life Lexicon, rather than to Conway personally. The package seed is a rotated and translated standard glider phase. Older sources conventionally date it 1970 and newer histories say 1969; no discovery year is asserted here.",
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: glider (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_g.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js"
        ]
      },
      "catalogueCode": "S05",
      "ruleId": "R55",
      "cataloguePage": 98,
      "measurementText": ".",
      "fixedView": false,
      "sourceReferences": [
        26
      ],
      "audit": {
        "id": "square-glider",
        "title": "Glider — diagonal spaceship",
        "status": "published",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "scientificClaim": "The traditional Conway glider translates by one square in each axis every four generations.",
        "interpretation": "After four updates the complete five-cell pattern has shifted by one column and one row. The intervening phases establish the diagonal spaceship cycle.",
        "limitations": "Translation symmetry of the unbounded square lattice makes the verified translated recurrence repeat indefinitely there. On the finite browser board the glider eventually reaches the boundary.",
        "illustrationGenerations": [
          0,
          1,
          4
        ],
        "provenance": {
          "status": "published",
          "credit": "Richard K. Guy",
          "note": "Credit is to Richard K. Guy, as explicitly recorded in the Life Lexicon, rather than to Conway personally. The package seed is a rotated and translated standard glider phase. Older sources conventionally date it 1970 and newer histories say 1969; no discovery year is asserted here.",
          "sources": [
            {
              "label": "Stephen Silver, Life Lexicon: glider (Golly distribution)",
              "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_g.htm"
            }
          ],
          "evidence": [
            "discoveries.js",
            "test-discoveries.js",
            "research/verify-catalog.js",
            "research/fixtures/catalogue-verification.json",
            "test-traveller-evidence.js"
          ]
        },
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: glider (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_g.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "square-glider",
          "title": "Glider — diagonal spaceship",
          "category": "Classic square Life",
          "tiling": "square",
          "cells": 2601,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "spaceship benchmark",
          "steps": 4,
          "translation": [
            1,
            1
          ],
          "liveCells": 5,
          "phasePopulations": [
            5,
            5,
            5,
            5,
            5
          ],
          "ruleClauseActivity": []
        },
        "metrics": {
          "steps": 4,
          "translation": [
            1,
            1
          ]
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Richard K. Guy’s glider, attributed in Stephen Silver’s Life Lexicon, entry “glider” [26]. The catalogue uses a rotated and translated standard phase.",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: Richard K. Guy",
          "references": [
            26
          ]
        }
      ],
      "reproduction": {
        "id": "square-glider",
        "tiling": "square",
        "depth": 51,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 2601,
        "verticesPerTile": 4,
        "geometrySHA256": "981c04dea6fbf1c91b3285bc8dca7f024b3e04ea5a674cb2e50830bf54d27cb1",
        "graphSHA256": "bde6ad68f1eb6fde0509970893bcfdbc4b2641830fa5108a6b15d898ae08f80c",
        "initialCellStates": [
          [
            1249,
            1
          ],
          [
            1301,
            1
          ],
          [
            1350,
            1
          ],
          [
            1351,
            1
          ],
          [
            1352,
            1
          ]
        ],
        "exactSeed": {
          "kind": "integer-square-coordinate-states",
          "coordinateStates": [
            [
              0,
              -1,
              1
            ],
            [
              1,
              0,
              1
            ],
            [
              -1,
              1,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              1,
              1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 4,
          "minimumNonzero": 5,
          "maximumNonzero": 5,
          "minimumLive": 5,
          "maximumLive": 5,
          "minimumBoundaryDistance": 23,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 5,
          "live": 5,
          "stateCounts": [
            2596,
            5
          ],
          "minimumBoundaryDistance": 24,
          "nonzeroCentroid": [
            0.2,
            0.4
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "6d76f0eb3000e0883e158cea77866e385bfc6206957c7835a48a4060b7c18298",
          "bounds": [
            -2.5,
            -2.5,
            2.5,
            2.5
          ]
        },
        {
          "t": 2,
          "active": 5,
          "live": 5,
          "stateCounts": [
            2596,
            5
          ],
          "minimumBoundaryDistance": 23,
          "nonzeroCentroid": [
            0.4,
            1.2
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b58e9da0a1157b546ff9434aa65f5abdcba854e8286d8184dbf32e24f61f7f04",
          "bounds": [
            -2.5,
            -1.5,
            2.5,
            3.5
          ]
        },
        {
          "t": 4,
          "active": 5,
          "live": 5,
          "stateCounts": [
            2596,
            5
          ],
          "minimumBoundaryDistance": 23,
          "nonzeroCentroid": [
            1.2,
            1.4
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "2e18558574d985e8123702964a8a415facbf9beae4a07a54625b0d9da5f11ee6",
          "bounds": [
            -1.5,
            -1.5,
            3.5,
            3.5
          ]
        }
      ]
    },
    {
      "id": "square-lwss",
      "category": "Classic square Life",
      "title": "Lightweight spaceship",
      "summary": "The nine-cell LWSS translates two squares horizontally every four Conway generations.",
      "tiling": "square",
      "depth": 51,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 8,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -22.5,
          -2.5,
          2.5,
          2.5
        ],
        "steps": 40,
        "padding": 4
      },
      "coordinateStates": [
        [
          -1,
          -2,
          1
        ],
        [
          2,
          -2,
          1
        ],
        [
          -2,
          -1,
          1
        ],
        [
          -2,
          0,
          1
        ],
        [
          2,
          0,
          1
        ],
        [
          -2,
          1,
          1
        ],
        [
          -1,
          1,
          1
        ],
        [
          0,
          1,
          1
        ],
        [
          1,
          1,
          1
        ]
      ],
      "expectedPeriod": 4,
      "moving": true,
      "translation": [
        -2,
        0
      ],
      "provenance": {
        "status": "published",
        "credit": "John H. Conway",
        "note": "The Life Lexicon credits Conway’s 1970 discovery of the lightweight spaceship. The package uses the published nine-cell phase, translated for display, under ordinary B3/S23.",
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: LWSS (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_l.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js"
        ]
      },
      "catalogueCode": "S06",
      "ruleId": "R55",
      "cataloguePage": 99,
      "measurementText": ".",
      "fixedView": false,
      "sourceReferences": [
        27
      ],
      "audit": {
        "id": "square-lwss",
        "title": "Lightweight spaceship",
        "status": "published",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "scientificClaim": "The nine-cell LWSS translates two squares horizontally every four Conway generations.",
        "interpretation": "After four updates the complete pattern has shifted two columns to the left. The starting nine-cell phase is the usual lightweight spaceship.",
        "limitations": "The infinite-lattice conclusion follows from the exact translated recurrence. The finite browser board is not infinite and eventually obstructs the flight.",
        "illustrationGenerations": [
          0,
          2,
          4
        ],
        "provenance": {
          "status": "published",
          "credit": "John H. Conway",
          "note": "The Life Lexicon credits Conway’s 1970 discovery of the lightweight spaceship. The package uses the published nine-cell phase, translated for display, under ordinary B3/S23.",
          "sources": [
            {
              "label": "Stephen Silver, Life Lexicon: LWSS (Golly distribution)",
              "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_l.htm"
            }
          ],
          "evidence": [
            "discoveries.js",
            "test-discoveries.js",
            "research/verify-catalog.js",
            "research/fixtures/catalogue-verification.json",
            "test-traveller-evidence.js"
          ]
        },
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: LWSS (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_l.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "test-traveller-evidence.js",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "square-lwss",
          "title": "Lightweight spaceship",
          "category": "Classic square Life",
          "tiling": "square",
          "cells": 2601,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "spaceship benchmark",
          "steps": 4,
          "translation": [
            -2,
            0
          ],
          "liveCells": 9,
          "phasePopulations": [
            9,
            12,
            9,
            12,
            9
          ],
          "ruleClauseActivity": []
        },
        "metrics": {
          "steps": 4,
          "translation": [
            -2,
            0
          ]
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "John H. Conway’s lightweight spaceship, attributed in Stephen Silver’s Life Lexicon, entry “LWSS” [27]. The catalogue uses its published nine-cell phase.",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: John H. Conway",
          "references": [
            27
          ]
        }
      ],
      "reproduction": {
        "id": "square-lwss",
        "tiling": "square",
        "depth": 51,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 2601,
        "verticesPerTile": 4,
        "geometrySHA256": "981c04dea6fbf1c91b3285bc8dca7f024b3e04ea5a674cb2e50830bf54d27cb1",
        "graphSHA256": "bde6ad68f1eb6fde0509970893bcfdbc4b2641830fa5108a6b15d898ae08f80c",
        "initialCellStates": [
          [
            1197,
            1
          ],
          [
            1200,
            1
          ],
          [
            1247,
            1
          ],
          [
            1298,
            1
          ],
          [
            1302,
            1
          ],
          [
            1349,
            1
          ],
          [
            1350,
            1
          ],
          [
            1351,
            1
          ],
          [
            1352,
            1
          ]
        ],
        "exactSeed": {
          "kind": "integer-square-coordinate-states",
          "coordinateStates": [
            [
              -1,
              -2,
              1
            ],
            [
              2,
              -2,
              1
            ],
            [
              -2,
              -1,
              1
            ],
            [
              -2,
              0,
              1
            ],
            [
              2,
              0,
              1
            ],
            [
              -2,
              1,
              1
            ],
            [
              -1,
              1,
              1
            ],
            [
              0,
              1,
              1
            ],
            [
              1,
              1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 4,
          "minimumNonzero": 9,
          "maximumNonzero": 12,
          "minimumLive": 9,
          "maximumLive": 12,
          "minimumBoundaryDistance": 21,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 9,
          "live": 9,
          "stateCounts": [
            2592,
            9
          ],
          "minimumBoundaryDistance": 23,
          "nonzeroCentroid": [
            -0.3333333333333333,
            -0.1111111111111111
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "ece22cee09e585b0c3abd8eee403dfa85ef5a8c68baf987c8cfdf917d6ba2103",
          "bounds": [
            -3.5,
            -3.5,
            3.5,
            2.5
          ]
        },
        {
          "t": 2,
          "active": 9,
          "live": 9,
          "stateCounts": [
            2592,
            9
          ],
          "minimumBoundaryDistance": 22,
          "nonzeroCentroid": [
            -1.3333333333333333,
            0.1111111111111111
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "d315611ba8096f19f022f81a5dace671197cc88ab587c01b8b1c321c01a7fd93",
          "bounds": [
            -4.5,
            -2.5,
            2.5,
            3.5
          ]
        },
        {
          "t": 4,
          "active": 9,
          "live": 9,
          "stateCounts": [
            2592,
            9
          ],
          "minimumBoundaryDistance": 21,
          "nonzeroCentroid": [
            -2.3333333333333335,
            -0.1111111111111111
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "d5968efa3f7ea97bd6a3ffbf080c1c39a63336943d0796815cb703c7e42aa4e5",
          "bounds": [
            -5.5,
            -3.5,
            1.5,
            2.5
          ]
        }
      ]
    },
    {
      "id": "square-highlife-replicator",
      "category": "Classic square Life",
      "title": "HighLife replicator",
      "summary": "Under B36/S23 this 12-cell seed becomes two translated copies of itself after 12 generations.",
      "tiling": "square",
      "depth": 101,
      "neighborhood": "touch",
      "rule": "B36/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 6,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -11.5,
          -11.5,
          11.5,
          11.5
        ],
        "steps": 48,
        "padding": 4
      },
      "coordinateStates": [
        [
          0,
          -2,
          1
        ],
        [
          1,
          -2,
          1
        ],
        [
          2,
          -2,
          1
        ],
        [
          -1,
          -1,
          1
        ],
        [
          2,
          -1,
          1
        ],
        [
          -2,
          0,
          1
        ],
        [
          2,
          0,
          1
        ],
        [
          -2,
          1,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          -2,
          2,
          1
        ],
        [
          -1,
          2,
          1
        ],
        [
          0,
          2,
          1
        ]
      ],
      "expectedReplication": {
        "steps": 12,
        "translations": [
          [
            -2,
            -2
          ],
          [
            2,
            2
          ]
        ]
      },
      "provenance": {
        "status": "published",
        "credit": "Nathan Thompson (1994)",
        "note": "Eppstein credits the HighLife replicator to Nathan Thompson in 1994. David Bell subsequently documented and investigated HighLife; he is not credited here as this replicator’s discoverer. The package uses the published 12-cell B36/S23 seed and independently checks its two-copy return after 12 generations.",
        "sources": [
          {
            "label": "David Eppstein, Replicators: HighLife",
            "url": "https://ics.uci.edu/~eppstein/ca/replicators/b36s23.html"
          },
          {
            "label": "Published HighLife replicator seed",
            "url": "https://conwaylife.com/wiki/OCA:HighLife/Replicator"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json"
        ]
      },
      "catalogueCode": "S07",
      "ruleId": "R56",
      "cataloguePage": 100,
      "measurementText": ".",
      "fixedView": false,
      "sourceReferences": [
        17,
        28
      ],
      "audit": {
        "id": "square-highlife-replicator",
        "title": "HighLife replicator",
        "status": "published",
        "rule": "B36/S23",
        "states": 2,
        "neighbourhood": "touch",
        "scientificClaim": "Under B36/S23 this 12-cell seed becomes two translated copies of itself after 12 generations.",
        "interpretation": "At generation 12 the entire state is exactly the union of two copies of the original 12-cell seed, displaced by (-2,-2) and (2,2). This is a two-copy return, not a spaceship period.",
        "limitations": "The direct check establishes the stated replication event. It does not by itself prove independent binary doubling forever: copies later interact, and the finite board limits growth.",
        "illustrationGenerations": [
          0,
          6,
          12
        ],
        "provenance": {
          "status": "published",
          "credit": "Nathan Thompson (1994)",
          "note": "Eppstein credits the HighLife replicator to Nathan Thompson in 1994. David Bell subsequently documented and investigated HighLife; he is not credited here as this replicator’s discoverer. The package uses the published 12-cell B36/S23 seed and independently checks its two-copy return after 12 generations.",
          "sources": [
            {
              "label": "David Eppstein, Replicators: HighLife",
              "url": "https://ics.uci.edu/~eppstein/ca/replicators/b36s23.html"
            },
            {
              "label": "Published HighLife replicator seed",
              "url": "https://conwaylife.com/wiki/OCA:HighLife/Replicator"
            }
          ],
          "evidence": [
            "discoveries.js",
            "test-discoveries.js",
            "research/verify-catalog.js",
            "research/fixtures/catalogue-verification.json"
          ]
        },
        "sources": [
          {
            "label": "David Eppstein, Replicators: HighLife",
            "url": "https://ics.uci.edu/~eppstein/ca/replicators/b36s23.html"
          },
          {
            "label": "Published HighLife replicator seed",
            "url": "https://conwaylife.com/wiki/OCA:HighLife/Replicator"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "square-highlife-replicator",
          "title": "HighLife replicator",
          "category": "Classic square Life",
          "tiling": "square",
          "cells": 10201,
          "neighborhood": "touch",
          "rule": "B36/S23",
          "generations": 2,
          "kind": "replicator benchmark",
          "steps": 12,
          "translations": [
            [
              -2,
              -2
            ],
            [
              2,
              2
            ]
          ],
          "initialLiveCells": 12,
          "resultingLiveCells": 24
        },
        "metrics": {
          "steps": 12
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Nathan Thompson’s HighLife replicator (1994), attributed by David Eppstein in Replicators: HighLife [17]; published seed [28].",
      "citationGroups": [
        {
          "label": "Explicit attribution to Nathan Thompson (1994)",
          "references": [
            17
          ]
        },
        {
          "label": "Published twelve-cell seed",
          "references": [
            28
          ]
        }
      ],
      "reproduction": {
        "id": "square-highlife-replicator",
        "tiling": "square",
        "depth": 101,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B36/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 10201,
        "verticesPerTile": 4,
        "geometrySHA256": "668c0a7da86721f21407d225229168eaa6a8e311866a236ebbcb6aacb103a81c",
        "graphSHA256": "29e5060993910870277e4a7b51953f644742a7e7b66f065f4b6e6df58ac9b6f1",
        "initialCellStates": [
          [
            4898,
            1
          ],
          [
            4899,
            1
          ],
          [
            4900,
            1
          ],
          [
            4998,
            1
          ],
          [
            5001,
            1
          ],
          [
            5098,
            1
          ],
          [
            5102,
            1
          ],
          [
            5199,
            1
          ],
          [
            5202,
            1
          ],
          [
            5300,
            1
          ],
          [
            5301,
            1
          ],
          [
            5302,
            1
          ]
        ],
        "exactSeed": {
          "kind": "integer-square-coordinate-states",
          "coordinateStates": [
            [
              0,
              -2,
              1
            ],
            [
              1,
              -2,
              1
            ],
            [
              2,
              -2,
              1
            ],
            [
              -1,
              -1,
              1
            ],
            [
              2,
              -1,
              1
            ],
            [
              -2,
              0,
              1
            ],
            [
              2,
              0,
              1
            ],
            [
              -2,
              1,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              -2,
              2,
              1
            ],
            [
              -1,
              2,
              1
            ],
            [
              0,
              2,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 12,
          "minimumNonzero": 12,
          "maximumNonzero": 38,
          "minimumLive": 12,
          "maximumLive": 38,
          "minimumBoundaryDistance": 45,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 12,
          "live": 12,
          "stateCounts": [
            10189,
            12
          ],
          "minimumBoundaryDistance": 48,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "db2a4eb23a6cdb8376c6e1ffcb7bd81324f8923681a83c7ddf4fb6db77bc5469",
          "bounds": [
            -3.5,
            -3.5,
            3.5,
            3.5
          ]
        },
        {
          "t": 6,
          "active": 34,
          "live": 34,
          "stateCounts": [
            10167,
            34
          ],
          "minimumBoundaryDistance": 45,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "84af69441e2b847e53dd0be8a44478b3103def98eb430abbe0fb158a4f53afbc",
          "bounds": [
            -6.5,
            -6.5,
            6.5,
            6.5
          ]
        },
        {
          "t": 12,
          "active": 24,
          "live": 24,
          "stateCounts": [
            10177,
            24
          ],
          "minimumBoundaryDistance": 46,
          "nonzeroCentroid": [
            0,
            0
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "084c5fefc9862c50099398c615176bfae8bc9e46e52efbdcaf6949e6e3595035",
          "bounds": [
            -5.5,
            -5.5,
            5.5,
            5.5
          ]
        }
      ]
    },
    {
      "id": "square-diehard",
      "category": "Classic square Life",
      "title": "Diehard — extinction at 130",
      "summary": "A famous seven-cell Conway methuselah that vanishes exactly at generation 130.",
      "tiling": "square",
      "depth": 101,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 15,
      "view": {
        "mode": "trajectory",
        "bounds": [
          -10.5,
          -5.5,
          7.5,
          17.5
        ],
        "steps": 130,
        "padding": 4
      },
      "coordinateStates": [
        [
          2,
          -1,
          1
        ],
        [
          -4,
          0,
          1
        ],
        [
          -3,
          0,
          1
        ],
        [
          -3,
          1,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          2,
          1,
          1
        ],
        [
          3,
          1,
          1
        ]
      ],
      "expectedExtinction": 130,
      "provenance": {
        "status": "published",
        "credit": "Classical pattern; discoverer unconfirmed",
        "note": "The seven-cell seed matches the published Life Lexicon diehard exactly after translation. Its extinction at generation 130 is independently checked. The consulted sources do not establish an individual discoverer; no personal attribution or new-discovery claim is made.",
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: diehard (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_d.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json"
        ]
      },
      "catalogueCode": "S08",
      "ruleId": "R55",
      "cataloguePage": 101,
      "measurementText": "Full extinction at t = 130.",
      "fixedView": false,
      "sourceReferences": [
        29
      ],
      "audit": {
        "id": "square-diehard",
        "title": "Diehard — extinction at 130",
        "status": "published",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "scientificClaim": "A famous seven-cell Conway methuselah that vanishes exactly at generation 130.",
        "interpretation": "The seven-cell initial state grows and rearranges before all cells disappear. Generation 130 is the first empty generation.",
        "limitations": "This is an extinction transient, not an oscillator. The retained seed matches the classical published diehard; no individual discoverer is assigned without a source.",
        "illustrationGenerations": [
          0,
          64,
          129
        ],
        "provenance": {
          "status": "published",
          "credit": "Classical pattern; discoverer unconfirmed",
          "note": "The seven-cell seed matches the published Life Lexicon diehard exactly after translation. Its extinction at generation 130 is independently checked. The consulted sources do not establish an individual discoverer; no personal attribution or new-discovery claim is made.",
          "sources": [
            {
              "label": "Stephen Silver, Life Lexicon: diehard (Golly distribution)",
              "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_d.htm"
            }
          ],
          "evidence": [
            "discoveries.js",
            "test-discoveries.js",
            "research/verify-catalog.js",
            "research/fixtures/catalogue-verification.json"
          ]
        },
        "sources": [
          {
            "label": "Stephen Silver, Life Lexicon: diehard (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_d.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "square-diehard",
          "title": "Diehard — extinction at 130",
          "category": "Classic square Life",
          "tiling": "square",
          "cells": 10201,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "compact extinction transient",
          "extinctionGeneration": 130,
          "maximumAlive": 40,
          "totalChanged": 2261
        },
        "metrics": {
          "maximumAlive": 40,
          "extinctionGeneration": 130
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Published classical pattern: diehard in Stephen Silver’s Life Lexicon [29]. The exact seven-cell seed is reproduced; its individual discoverer is unconfirmed.",
      "citationGroups": [
        {
          "label": "Published exact diehard seed; individual discoverer not established",
          "references": [
            29
          ]
        }
      ],
      "reproduction": {
        "id": "square-diehard",
        "tiling": "square",
        "depth": 101,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 10201,
        "verticesPerTile": 4,
        "geometrySHA256": "668c0a7da86721f21407d225229168eaa6a8e311866a236ebbcb6aacb103a81c",
        "graphSHA256": "29e5060993910870277e4a7b51953f644742a7e7b66f065f4b6e6df58ac9b6f1",
        "initialCellStates": [
          [
            5001,
            1
          ],
          [
            5096,
            1
          ],
          [
            5097,
            1
          ],
          [
            5198,
            1
          ],
          [
            5202,
            1
          ],
          [
            5203,
            1
          ],
          [
            5204,
            1
          ]
        ],
        "exactSeed": {
          "kind": "integer-square-coordinate-states",
          "coordinateStates": [
            [
              2,
              -1,
              1
            ],
            [
              -4,
              0,
              1
            ],
            [
              -3,
              0,
              1
            ],
            [
              -3,
              1,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              2,
              1,
              1
            ],
            [
              3,
              1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 129,
          "minimumNonzero": 2,
          "maximumNonzero": 40,
          "minimumLive": 2,
          "maximumLive": 40,
          "minimumBoundaryDistance": 33,
          "firstBoundaryAdjacentGeneration": null,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 7,
          "live": 7,
          "stateCounts": [
            10194,
            7
          ],
          "minimumBoundaryDistance": 46,
          "nonzeroCentroid": [
            -0.2857142857142857,
            0.42857142857142855
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "c4d0ed5d4d6a6b073c921b7083c4154be971e51b88138d60fcd56c95ff216037",
          "bounds": [
            -5.5,
            -2.5,
            4.5,
            2.5
          ]
        },
        {
          "t": 65,
          "active": 23,
          "live": 23,
          "stateCounts": [
            10178,
            23
          ],
          "minimumBoundaryDistance": 40,
          "nonzeroCentroid": [
            -4.217391304347826,
            4.913043478260869
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "cce9c611cbee308972b745aba4d6bf5c5c1dd44b2e0854630659665ced574257",
          "bounds": [
            -8.5,
            -1.5,
            1.5,
            11.5
          ]
        },
        {
          "t": 129,
          "active": 2,
          "live": 2,
          "stateCounts": [
            10199,
            2
          ],
          "minimumBoundaryDistance": 38,
          "nonzeroCentroid": [
            -4,
            11.5
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "ee9cc77365c47c179e714aa8402319a7979e7a840f07e6f3c913c4ac4b92982d",
          "bounds": [
            -5.5,
            9.5,
            -2.5,
            13.5
          ]
        }
      ]
    },
    {
      "id": "square-r-pentomino",
      "category": "Classic square Life",
      "title": "R-pentomino methuselah",
      "summary": "Five live cells generate a long, intricate Conway transient; this finite board is verified active through generation 1,103.",
      "tiling": "square",
      "depth": 301,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 100,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "coordinateStates": [
        [
          0,
          -1,
          1
        ],
        [
          1,
          -1,
          1
        ],
        [
          -1,
          0,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          0,
          1,
          1
        ]
      ],
      "expectedActivityThrough": 1103,
      "provenance": {
        "status": "published",
        "credit": "John H. Conway’s classical R-pentomino",
        "note": "Gardner’s original article documents Conway’s study of this five-cell seed; the package uses the standard published shape. Its finite-board check establishes activity through generation 1,103, not equality with the infinite-plane final census.",
        "sources": [
          {
            "label": "Martin Gardner, Scientific American, October 1970 (original article)",
            "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
          },
          {
            "label": "Stephen Silver, Life Lexicon: R-pentomino (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_r.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json"
        ]
      },
      "catalogueCode": "S09",
      "ruleId": "R55",
      "cataloguePage": 102,
      "measurementText": "Catalogue replay through t = 1103.",
      "fixedView": false,
      "sourceReferences": [
        13,
        30
      ],
      "audit": {
        "id": "square-r-pentomino",
        "title": "R-pentomino methuselah",
        "status": "published",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "scientificClaim": "The standard five-cell seed remains active through generation 1,103 on the supplied finite board. Independent square-lattice replay first differs from that board at generation 641; at generation 1,103 the infinite-lattice and finite-board populations are 116 and 111 respectively.",
        "interpretation": "The five-cell seed produces a long transient, oscillators and escaping activity. The supplied finite-board run remains active through generation 1,103.",
        "limitations": "The browser uses a finite 301 by 301 board with a permanently dead outer ring. The endpoint and population of that run must not be presented as the infinite-plane final census; escaping objects can encounter its boundary.",
        "illustrationGenerations": [
          0,
          100,
          1103
        ],
        "provenance": {
          "status": "published",
          "credit": "John H. Conway’s classical R-pentomino",
          "note": "Gardner’s original article documents Conway’s study of this five-cell seed; the package uses the standard published shape. Its finite-board check establishes activity through generation 1,103, not equality with the infinite-plane final census.",
          "sources": [
            {
              "label": "Martin Gardner, Scientific American, October 1970 (original article)",
              "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
            },
            {
              "label": "Stephen Silver, Life Lexicon: R-pentomino (Golly distribution)",
              "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_r.htm"
            }
          ],
          "evidence": [
            "discoveries.js",
            "test-discoveries.js",
            "research/verify-catalog.js",
            "research/fixtures/catalogue-verification.json"
          ]
        },
        "sources": [
          {
            "label": "Martin Gardner, Scientific American, October 1970 (original article)",
            "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
          },
          {
            "label": "Stephen Silver, Life Lexicon: R-pentomino (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_r.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "square-r-pentomino",
          "title": "R-pentomino methuselah",
          "category": "Classic square Life",
          "tiling": "square",
          "cells": 90601,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "long-lived compact seed",
          "verifiedThrough": 1103,
          "finalAlive": 111,
          "finalChanged": 26,
          "maximumAlive": 314,
          "totalChanged": 117714,
          "checkpoints": [
            {
              "generation": 250,
              "alive": 144,
              "changed": 112
            },
            {
              "generation": 500,
              "alive": 174,
              "changed": 107
            },
            {
              "generation": 750,
              "alive": 189,
              "changed": 100
            },
            {
              "generation": 1000,
              "alive": 151,
              "changed": 72
            },
            {
              "generation": 1103,
              "alive": 111,
              "changed": 26
            }
          ]
        },
        "metrics": {
          "maximumAlive": 314,
          "verifiedThrough": 1103
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Published classical pattern: the R-pentomino studied by John H. Conway in Martin Gardner’s original article (1970) [13]; also Silver’s Life Lexicon [30].",
      "citationGroups": [
        {
          "label": "Published pattern source and attribution: John H. Conway’s classical R-pentomino",
          "references": [
            13,
            30
          ]
        }
      ],
      "reproduction": {
        "id": "square-r-pentomino",
        "tiling": "square",
        "depth": 301,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 90601,
        "verticesPerTile": 4,
        "geometrySHA256": "a6773e964133dfa137741809696b4623824d8dd245284fa639d46eddee7adc48",
        "graphSHA256": "0e324a822f222ea562768a6bd1621dfb7dbec2e95d75ee6a3b8231608a5bd705",
        "initialCellStates": [
          [
            44999,
            1
          ],
          [
            45000,
            1
          ],
          [
            45299,
            1
          ],
          [
            45300,
            1
          ],
          [
            45601,
            1
          ]
        ],
        "exactSeed": {
          "kind": "integer-square-coordinate-states",
          "coordinateStates": [
            [
              0,
              -1,
              1
            ],
            [
              1,
              -1,
              1
            ],
            [
              -1,
              0,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              0,
              1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 1103,
          "minimumNonzero": 5,
          "maximumNonzero": 314,
          "minimumLive": 5,
          "maximumLive": 314,
          "minimumBoundaryDistance": 1,
          "firstBoundaryAdjacentGeneration": 637,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 5,
          "live": 5,
          "stateCounts": [
            90596,
            5
          ],
          "minimumBoundaryDistance": 149,
          "nonzeroCentroid": [
            0,
            -0.2
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "1e474e08f8b83940771436081ec3715379c8337ff78a734f85b6af239451eed8",
          "bounds": [
            -2.5,
            -2.5,
            2.5,
            2.5
          ]
        },
        {
          "t": 110,
          "active": 145,
          "live": 145,
          "stateCounts": [
            90456,
            145
          ],
          "minimumBoundaryDistance": 113,
          "nonzeroCentroid": [
            -9.420689655172414,
            -0.3931034482758621
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "0534b7a3a69ca59c68d88ad02e79748a890c1e41ad012528841283fd738d5e5d",
          "bounds": [
            -38.5,
            -15.5,
            18.5,
            17.5
          ]
        },
        {
          "t": 1103,
          "active": 111,
          "live": 111,
          "stateCounts": [
            90490,
            111
          ],
          "minimumBoundaryDistance": 1,
          "nonzeroCentroid": [
            22.47747747747748,
            5.576576576576577
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "b24d1200f974d81275daa967aa3daaf7ea81c117b7d628c3ac68023632d4afac",
          "bounds": [
            -150.5,
            -150.5,
            150.5,
            150.5
          ]
        }
      ]
    },
    {
      "id": "square-acorn",
      "category": "Classic square Life",
      "title": "Acorn methuselah",
      "summary": "Seven cells sustain a celebrated long Conway evolution; this finite board is verified active through generation 5,206.",
      "tiling": "square",
      "depth": 301,
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "borderRings": 1,
      "speed": 180,
      "view": {
        "mode": "contain",
        "padding": 4
      },
      "coordinateStates": [
        [
          -2,
          -1,
          1
        ],
        [
          0,
          0,
          1
        ],
        [
          -3,
          1,
          1
        ],
        [
          -2,
          1,
          1
        ],
        [
          1,
          1,
          1
        ],
        [
          2,
          1,
          1
        ],
        [
          3,
          1,
          1
        ]
      ],
      "expectedActivityThrough": 5206,
      "provenance": {
        "status": "published",
        "credit": "Charles L. Corderman",
        "note": "Robert Wainwright’s Lifeline No. 3 (1971), page 12, credits Charles L. Corderman; Wainwright supplied the name. The package uses the same seven-cell seed, translated for display. Its finite-board replay establishes activity through 5,206 generations, not the infinite-plane final ash. Gosper is not the discoverer of this seed.",
        "sources": [
          {
            "label": "Robert Wainwright, Lifeline No. 3 (1971), page 12: original Acorn attribution",
            "url": "https://conwaylife.com/wiki/Lifeline_Volume_3"
          },
          {
            "label": "Stephen Silver, Life Lexicon: acorn (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_a.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json"
        ]
      },
      "catalogueCode": "S10",
      "ruleId": "R55",
      "cataloguePage": 103,
      "measurementText": "Catalogue replay through t = 5206.",
      "fixedView": false,
      "sourceReferences": [
        31,
        32
      ],
      "audit": {
        "id": "square-acorn",
        "title": "Acorn methuselah",
        "status": "published",
        "rule": "B3/S23",
        "states": 2,
        "neighbourhood": "touch",
        "scientificClaim": "The published seven-cell seed remains active through generation 5,206 on the supplied finite board. Independent square-lattice replay first differs from that board at generation 812; at generation 5,206 the infinite-lattice and finite-board populations are 633 and 620 respectively.",
        "interpretation": "Seven initial cells produce a long evolving field. The supplied finite-board run remains active through generation 5,206.",
        "limitations": "The browser uses a finite 301 by 301 board with a permanently dead outer ring. Activity at generation 5,206 is a finite-board observation, not a certification of the infinite-plane ash or its stabilisation time.",
        "illustrationGenerations": [
          0,
          500,
          5206
        ],
        "provenance": {
          "status": "published",
          "credit": "Charles L. Corderman",
          "note": "Robert Wainwright’s Lifeline No. 3 (1971), page 12, credits Charles L. Corderman; Wainwright supplied the name. The package uses the same seven-cell seed, translated for display. Its finite-board replay establishes activity through 5,206 generations, not the infinite-plane final ash. Gosper is not the discoverer of this seed.",
          "sources": [
            {
              "label": "Robert Wainwright, Lifeline No. 3 (1971), page 12: original Acorn attribution",
              "url": "https://conwaylife.com/wiki/Lifeline_Volume_3"
            },
            {
              "label": "Stephen Silver, Life Lexicon: acorn (Golly distribution)",
              "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_a.htm"
            }
          ],
          "evidence": [
            "discoveries.js",
            "test-discoveries.js",
            "research/verify-catalog.js",
            "research/fixtures/catalogue-verification.json"
          ]
        },
        "sources": [
          {
            "label": "Robert Wainwright, Lifeline No. 3 (1971), page 12: original Acorn attribution",
            "url": "https://conwaylife.com/wiki/Lifeline_Volume_3"
          },
          {
            "label": "Stephen Silver, Life Lexicon: acorn (Golly distribution)",
            "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_a.htm"
          }
        ],
        "evidence": [
          "discoveries.js",
          "test-discoveries.js",
          "research/verify-catalog.js",
          "research/fixtures/catalogue-verification.json",
          "docs/catalogue/evidence/credited-independent-verification.json",
          "docs/catalogue/verify_credited.js"
        ],
        "verification": {
          "id": "square-acorn",
          "title": "Acorn methuselah",
          "category": "Classic square Life",
          "tiling": "square",
          "cells": 90601,
          "neighborhood": "touch",
          "rule": "B3/S23",
          "generations": 2,
          "kind": "long-lived compact seed",
          "verifiedThrough": 5206,
          "finalAlive": 620,
          "finalChanged": 170,
          "maximumAlive": 1045,
          "totalChanged": 1409389,
          "checkpoints": [
            {
              "generation": 250,
              "alive": 149,
              "changed": 119
            },
            {
              "generation": 500,
              "alive": 276,
              "changed": 180
            },
            {
              "generation": 750,
              "alive": 295,
              "changed": 181
            },
            {
              "generation": 1000,
              "alive": 455,
              "changed": 275
            },
            {
              "generation": 1250,
              "alive": 308,
              "changed": 176
            },
            {
              "generation": 1500,
              "alive": 388,
              "changed": 188
            },
            {
              "generation": 1750,
              "alive": 379,
              "changed": 195
            },
            {
              "generation": 2000,
              "alive": 388,
              "changed": 214
            },
            {
              "generation": 2250,
              "alive": 400,
              "changed": 195
            },
            {
              "generation": 2500,
              "alive": 391,
              "changed": 178
            },
            {
              "generation": 2750,
              "alive": 495,
              "changed": 284
            },
            {
              "generation": 3000,
              "alive": 556,
              "changed": 311
            },
            {
              "generation": 3250,
              "alive": 578,
              "changed": 247
            },
            {
              "generation": 3500,
              "alive": 669,
              "changed": 376
            },
            {
              "generation": 3750,
              "alive": 635,
              "changed": 338
            },
            {
              "generation": 4000,
              "alive": 824,
              "changed": 498
            },
            {
              "generation": 4250,
              "alive": 796,
              "changed": 336
            },
            {
              "generation": 4500,
              "alive": 757,
              "changed": 362
            },
            {
              "generation": 4750,
              "alive": 702,
              "changed": 231
            },
            {
              "generation": 5000,
              "alive": 791,
              "changed": 317
            },
            {
              "generation": 5206,
              "alive": 620,
              "changed": 170
            }
          ]
        },
        "metrics": {
          "maximumAlive": 1045,
          "verifiedThrough": 5206
        },
        "provenanceConfidence": "Published identity or behaviour supported by the specific recorded source comparison; first worldwide discovery is not inferred unless explicitly attributed."
      },
      "attributionLabel": "Charles L. Corderman’s Acorn, credited in Robert Wainwright’s Lifeline No. 3 (1971), p. 12 [31]; also Silver’s Life Lexicon [32].",
      "citationGroups": [
        {
          "label": "Primary attribution to Charles L. Corderman: Lifeline No. 3 (1971), page 12",
          "references": [
            31
          ]
        },
        {
          "label": "Published Acorn description and seed",
          "references": [
            32
          ]
        }
      ],
      "reproduction": {
        "id": "square-acorn",
        "tiling": "square",
        "depth": 301,
        "penroseSeed": null,
        "neighbourhood": "touch",
        "rule": "B3/S23",
        "states": 2,
        "borderRings": 1,
        "patchTileCount": 90601,
        "verticesPerTile": 4,
        "geometrySHA256": "a6773e964133dfa137741809696b4623824d8dd245284fa639d46eddee7adc48",
        "graphSHA256": "0e324a822f222ea562768a6bd1621dfb7dbec2e95d75ee6a3b8231608a5bd705",
        "initialCellStates": [
          [
            44997,
            1
          ],
          [
            45300,
            1
          ],
          [
            45598,
            1
          ],
          [
            45599,
            1
          ],
          [
            45602,
            1
          ],
          [
            45603,
            1
          ],
          [
            45604,
            1
          ]
        ],
        "exactSeed": {
          "kind": "integer-square-coordinate-states",
          "coordinateStates": [
            [
              -2,
              -1,
              1
            ],
            [
              0,
              0,
              1
            ],
            [
              -3,
              1,
              1
            ],
            [
              -2,
              1,
              1
            ],
            [
              1,
              1,
              1
            ],
            [
              2,
              1,
              1
            ],
            [
              3,
              1,
              1
            ]
          ]
        },
        "illustratedRun": {
          "throughGeneration": 5206,
          "minimumNonzero": 7,
          "maximumNonzero": 1045,
          "minimumLive": 7,
          "maximumLive": 1045,
          "minimumBoundaryDistance": 1,
          "firstBoundaryAdjacentGeneration": 808,
          "boundaryInterpretation": "First boundary-adjacent generation is the first nonzero support at graph distance no greater than borderRings (or 0 when no locked rings are used). It flags possible finite-board influence; it is not by itself a proof that an update differs from an infinite tiling."
        }
      },
      "snapshotRecords": [
        {
          "t": 0,
          "active": 7,
          "live": 7,
          "stateCounts": [
            90594,
            7
          ],
          "minimumBoundaryDistance": 147,
          "nonzeroCentroid": [
            -0.14285714285714285,
            0.5714285714285714
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "1db27e7768cfb025e37e9b47cdccccc935427e3aeeb0e61e0663d6b78e94926b",
          "bounds": [
            -4.5,
            -2.5,
            4.5,
            2.5
          ]
        },
        {
          "t": 500,
          "active": 276,
          "live": 276,
          "stateCounts": [
            90325,
            276
          ],
          "minimumBoundaryDistance": 62,
          "nonzeroCentroid": [
            -30.97463768115942,
            1.7608695652173914
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "e34c8debe87c11cf9e5777f9172697be8597cb9b3ed1dfa045215e6162f9eb5d",
          "bounds": [
            -89.5,
            -73.5,
            23.5,
            72.5
          ]
        },
        {
          "t": 5206,
          "active": 620,
          "live": 620,
          "stateCounts": [
            89981,
            620
          ],
          "minimumBoundaryDistance": 1,
          "nonzeroCentroid": [
            -39.556451612903224,
            -25.891935483870967
          ],
          "includeZeroContext": true,
          "completeStateSHA256": "e17a252c604ed6491386b044a10f0cc472a585eb1443f72c62d972e656845be6",
          "bounds": [
            -150.5,
            -150.5,
            150.5,
            150.5
          ]
        }
      ]
    }
  ],
  "ruleRegister": [
    {
      "tuple": [
        "hat",
        "edge",
        "B2/S",
        2
      ],
      "tiling": "hat",
      "neighborhood": "edge",
      "rule": "B2/S",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-seeds-p8"
      ],
      "mainCatalogueEntryIds": [
        "hat-seeds-p8"
      ],
      "statusLabel": "Established Seeds counts on the Hat graph",
      "statusNote": "Seeds supplies the B2/S counts; the package applies them to Hat shared-edge neighbours. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [],
      "credit": null,
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/mine-oscillators.js",
        "research/verify-catalog.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R01",
      "page": 106,
      "sourceReferences": [
        14
      ],
      "citationGroups": [
        {
          "label": "Count-rule source: Golly, Seeds",
          "references": [
            14
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "edge",
        "B2/S1",
        3
      ],
      "tiling": "hat",
      "neighborhood": "edge",
      "rule": "B2/S1",
      "generations": 3,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-b2s1-c3-rotor-p39"
      ],
      "mainCatalogueEntryIds": [
        "hat-b2s1-c3-rotor-p39"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected in the package’s Hat searches using the established refractory-state framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/verify-catalog.js",
        "test-structures.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [
        1
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 2 becomes 0; refractory cells cannot be born or survive.",
      "id": "R02",
      "page": 106,
      "sourceReferences": [
        33
      ],
      "citationGroups": [
        {
          "label": "Framework source: Golly, Generations",
          "references": [
            33
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "edge",
        "B2/S13",
        4
      ],
      "tiling": "hat",
      "neighborhood": "edge",
      "rule": "B2/S13",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-b2s13-c4-clock-p11"
      ],
      "mainCatalogueEntryIds": [
        "hat-b2s13-c4-clock-p11"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected in the package’s refractory-clock search; the associated period family is recorded in H06. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/verify-catalog.js",
        "test-structures.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [
        1,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 3 becomes 0; refractory cells cannot be born or survive.",
      "id": "R03",
      "page": 106,
      "sourceReferences": [
        33
      ],
      "citationGroups": [
        {
          "label": "Framework source: Golly, Generations",
          "references": [
            33
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "edge",
        "B2/S23",
        6
      ],
      "tiling": "hat",
      "neighborhood": "edge",
      "rule": "B2/S23",
      "generations": 6,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-b2s23-c6-rotor-p219"
      ],
      "mainCatalogueEntryIds": [
        "hat-b2s23-c6-rotor-p219"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected in the package’s Hat searches using the established refractory-state framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/verify-catalog.js",
        "test-structures.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [
        2,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 5 becomes 0; refractory cells cannot be born or survive.",
      "id": "R04",
      "page": 107,
      "sourceReferences": [
        33
      ],
      "citationGroups": [
        {
          "label": "Framework source: Golly, Generations",
          "references": [
            33
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "edge",
        "B23/S",
        2
      ],
      "tiling": "hat",
      "neighborhood": "edge",
      "rule": "B23/S",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-b23-p20",
        "hat-b23-p24",
        "hat-b23-p28"
      ],
      "mainCatalogueEntryIds": [
        "hat-b23-p20",
        "hat-b23-p24",
        "hat-b23-p28"
      ],
      "statusLabel": "Package-selected binary rule",
      "statusNote": "Selected in the package’s Hat shared-edge search within the established birth/survival framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [],
      "credit": null,
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/mine-oscillators.js",
        "research/verify-catalog.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "birthCounts": [
        2,
        3
      ],
      "survivalCounts": [],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R05",
      "page": 107,
      "sourceReferences": [
        14
      ],
      "citationGroups": [
        {
          "label": "Notation and framework: Golly, QuickLife",
          "references": [
            14
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "edge",
        "B3/S23",
        2
      ],
      "tiling": "hat",
      "neighborhood": "edge",
      "rule": "B3/S23",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-edge-conway-p15"
      ],
      "mainCatalogueEntryIds": [
        "hat-edge-conway-p15"
      ],
      "statusLabel": "Conway counts transferred to another graph",
      "statusNote": "Conway’s B3/S23 counts are applied to the Hat shared-edge graph. Gardner’s source describes eight-neighbour square Life, not this complete rule. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "GARDNER1970"
      ],
      "credit": "John Conway for the birth/survival counts; package for these recorded examples",
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/mine-oscillators.js",
        "research/verify-catalog.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "birthCounts": [
        3
      ],
      "survivalCounts": [
        2,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R06",
      "page": 107,
      "sourceReferences": [
        13
      ],
      "citationGroups": [
        {
          "label": "Count-rule source: Conway, reported by Gardner (1970)",
          "references": [
            13
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "touch",
        "B1/S",
        2
      ],
      "tiling": "hat",
      "neighborhood": "touch",
      "rule": "B1/S",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-b1-field"
      ],
      "mainCatalogueEntryIds": [
        "hat-b1-field"
      ],
      "statusLabel": "Package-selected field-demonstration rule",
      "statusNote": "Chosen for a deterministic field demonstration in the package, using the established birth/survival framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [],
      "credit": null,
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/survey-fields.js",
        "research/verify-catalog.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        1
      ],
      "survivalCounts": [],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R07",
      "page": 108,
      "sourceReferences": [
        14
      ],
      "citationGroups": [
        {
          "label": "Notation and framework: Golly, QuickLife",
          "references": [
            14
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "touch",
        "B2/S1",
        10
      ],
      "tiling": "hat",
      "neighborhood": "touch",
      "rule": "B2/S1",
      "generations": 10,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-directional-transient-83"
      ],
      "mainCatalogueEntryIds": [
        "hat-directional-transient-83"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected in the package’s Hat searches using the established refractory-state framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/search-mobile-patterns.js",
        "research/verify-catalog.js",
        "test-structures.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [
        1
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 9 becomes 0; refractory cells cannot be born or survive.",
      "id": "R08",
      "page": 108,
      "sourceReferences": [
        33
      ],
      "citationGroups": [
        {
          "label": "Framework source: Golly, Generations",
          "references": [
            33
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "touch",
        "B3/S23",
        2
      ],
      "tiling": "hat",
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-conway-p6",
        "hat-conway-p9",
        "hat-conway-p26"
      ],
      "mainCatalogueEntryIds": [
        "hat-conway-p6",
        "hat-conway-p9",
        "hat-conway-p26"
      ],
      "statusLabel": "Conway counts transferred to another graph",
      "statusNote": "Conway’s B3/S23 counts are applied to the Hat boundary-contact graph. Gardner’s source describes eight-neighbour square Life, not this complete rule. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "GARDNER1970"
      ],
      "credit": "John Conway for the birth/survival counts; package for these recorded examples",
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/mine-oscillators.js",
        "research/verify-catalog.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        3
      ],
      "survivalCounts": [
        2,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R09",
      "page": 108,
      "sourceReferences": [
        13
      ],
      "citationGroups": [
        {
          "label": "Count-rule source: Conway, reported by Gardner (1970)",
          "references": [
            13
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "touch",
        "TABLE:HAT-A",
        4
      ],
      "tiling": "hat",
      "neighborhood": "touch",
      "rule": "TABLE:HAT-A",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-edmond-a-six-way-launcher",
        "hat-edmond-a-glider"
      ],
      "mainCatalogueEntryIds": [
        "hat-edmond-a-six-way-launcher"
      ],
      "statusLabel": "Published rule: James Edmond’s Hat A",
      "statusNote": "Edmond’s four-state Hat A table uses boundary-contact neighbours. The package reproduces that complete rule; its separately selected seed placements do not make the rule original.",
      "referenceIds": [
        "E2026",
        "EC2026"
      ],
      "credit": "James Edmond",
      "family": "ordered priority table",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
          "url": "https://arxiv.org/abs/2609.22579"
        },
        {
          "label": "Edmond’s Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
        },
        {
          "label": "James Edmond’s interactive project",
          "url": "https://offlattice.org/monotile/"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/continued-search/hat-emitters/README.md",
        "research/continued-search/verification/README.md",
        "research/continued-search/verification/hat-a-six-launcher-evidence.json",
        "research/exhaustive-search/hat-targeted/selected.json",
        "research/fixtures/aperiodic-evidence.json",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/published-priority-rules.json",
        "test-priority-rules.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "rows": [
        {
          "own": 0,
          "conditions": [
            [
              2,
              2
            ]
          ],
          "next": 0
        },
        {
          "own": null,
          "conditions": [
            [
              1,
              3
            ]
          ],
          "next": 3
        },
        {
          "own": 2,
          "conditions": [
            [
              1,
              1
            ],
            [
              0,
              1
            ]
          ],
          "next": 1
        },
        {
          "own": 1,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 3
        },
        {
          "own": 0,
          "conditions": [
            [
              1,
              1
            ]
          ],
          "next": 2
        }
      ],
      "stateDefinition": "Every state value is counted separately among the chosen neighbours; apply the first matching row and otherwise output 0; there is no automatic refractory progression.",
      "id": "R10",
      "page": 109,
      "sourceReferences": [
        2,
        3
      ],
      "citationGroups": [
        {
          "label": "Rule source: Edmond, Hat A paper and compendium",
          "references": [
            2,
            3
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "touch",
        "TABLE:HAT-B",
        4
      ],
      "tiling": "hat",
      "neighborhood": "touch",
      "rule": "TABLE:HAT-B",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-edmond-b-periodic-emitter",
        "hat-edmond-b-glider"
      ],
      "mainCatalogueEntryIds": [
        "hat-edmond-b-periodic-emitter"
      ],
      "statusLabel": "Published rule: James Edmond’s Hat B",
      "statusNote": "Edmond’s four-state Hat B table uses boundary-contact neighbours. The package reproduces that complete rule; its separately selected seed placements do not make the rule original.",
      "referenceIds": [
        "E2026",
        "EC2026"
      ],
      "credit": "James Edmond",
      "family": "ordered priority table",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
          "url": "https://arxiv.org/abs/2609.22579"
        },
        {
          "label": "Edmond’s Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
        },
        {
          "label": "James Edmond’s interactive project",
          "url": "https://offlattice.org/monotile/"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/continued-search/hat-emitters/README.md",
        "research/continued-search/verification/README.md",
        "research/continued-search/verification/hat-emitter-independent.json",
        "research/continued-search/verification/verify-hat-emitter.js",
        "research/exhaustive-search/hat-targeted/selected.json",
        "research/fixtures/aperiodic-evidence.json",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/published-priority-rules.json",
        "test-priority-rules.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "rows": [
        {
          "own": 0,
          "conditions": [
            [
              1,
              2
            ],
            [
              0,
              1
            ]
          ],
          "next": 0
        },
        {
          "own": 0,
          "conditions": [
            [
              0,
              2
            ],
            [
              2,
              2
            ]
          ],
          "next": 1
        },
        {
          "own": 0,
          "conditions": [
            [
              0,
              2
            ],
            [
              3,
              1
            ]
          ],
          "next": 1
        },
        {
          "own": 1,
          "conditions": [
            [
              3,
              1
            ]
          ],
          "next": 3
        }
      ],
      "stateDefinition": "Every state value is counted separately among the chosen neighbours; apply the first matching row and otherwise output 0; there is no automatic refractory progression.",
      "id": "R11",
      "page": 109,
      "sourceReferences": [
        2,
        3
      ],
      "citationGroups": [
        {
          "label": "Rule source: Edmond, Hat B paper and compendium",
          "references": [
            2,
            3
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "touch",
        "TABLE:HAT-C",
        4
      ],
      "tiling": "hat",
      "neighborhood": "touch",
      "rule": "TABLE:HAT-C",
      "generations": 4,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hat-edmond-c-glider",
        "hat-edmond-c-triple-launcher"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Published rule: James Edmond’s Hat C",
      "statusNote": "Edmond’s four-state Hat C table uses boundary-contact neighbours. The package reproduces that complete rule; its separately selected seed placements do not make the rule original.",
      "referenceIds": [
        "E2026",
        "EC2026"
      ],
      "credit": "James Edmond",
      "family": "ordered priority table",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "James Edmond’s interactive project",
          "url": "https://offlattice.org/monotile/"
        },
        {
          "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
          "url": "https://arxiv.org/abs/2609.22579"
        },
        {
          "label": "Edmond’s Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/exhaustive-search/hat-targeted/priority-launchers.js",
        "research/exhaustive-search/hat-targeted/selected-launchers.json",
        "research/exhaustive-search/hat-targeted/selected.json",
        "research/fixtures/aperiodic-evidence.json",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/published-priority-rules.json",
        "test-priority-rules.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "rows": [
        {
          "own": null,
          "conditions": [
            [
              2,
              1
            ],
            [
              1,
              3
            ]
          ],
          "next": 3
        },
        {
          "own": 1,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 2
        },
        {
          "own": 3,
          "conditions": [
            [
              3,
              3
            ]
          ],
          "next": 3
        },
        {
          "own": 0,
          "conditions": [
            [
              3,
              2
            ]
          ],
          "next": 1
        },
        {
          "own": null,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 1
        }
      ],
      "stateDefinition": "Every state value is counted separately among the chosen neighbours; apply the first matching row and otherwise output 0; there is no automatic refractory progression.",
      "id": "R12",
      "page": 109,
      "sourceReferences": [
        2,
        3
      ],
      "citationGroups": [
        {
          "label": "Rule source: Edmond, Hat C paper and compendium",
          "references": [
            2,
            3
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "touch",
        "TABLE:HAT-RELAY",
        3
      ],
      "tiling": "hat",
      "neighborhood": "touch",
      "rule": "TABLE:HAT-RELAY",
      "generations": 3,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hat-two-row-relay"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Adaptation of Edmond’s Spectre relay",
      "statusNote": "Obtained by simplifying R15. H16’s mature generations 60–235 match Edmond’s Spectre relay after [0,1,2] maps to [0,3,1]; ignition and global guards differ. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "E2026",
        "EC2026"
      ],
      "credit": "James Edmond for the Spectre mechanism; package for this rule variant",
      "family": "ordered priority table",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "James Edmond’s Hat and Spectre paper",
          "url": "https://arxiv.org/abs/2609.22579"
        },
        {
          "label": "Edmond’s Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/continued-search/hat-relay/README.md",
        "research/continued-search/hat-relay/final-rules.json",
        "research/continued-search/verification/README.md",
        "research/fixtures/catalogue-provenance.json"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "rows": [
        {
          "own": 1,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 2
        },
        {
          "own": 0,
          "conditions": [
            [
              0,
              4
            ],
            [
              2,
              1
            ]
          ],
          "next": 1
        }
      ],
      "stateDefinition": "Every state value is counted separately among the chosen neighbours; apply the first matching row and otherwise output 0; there is no automatic refractory progression.",
      "id": "R13",
      "page": 110,
      "sourceReferences": [
        2,
        3
      ],
      "citationGroups": [
        {
          "label": "Adapted mechanism: Edmond’s Spectre relay",
          "references": [
            2,
            3
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "touch",
        "TABLE:HAT-SIMPLE",
        3
      ],
      "tiling": "hat",
      "neighborhood": "touch",
      "rule": "TABLE:HAT-SIMPLE",
      "generations": 3,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hat-simple-glider"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Adaptation of Edmond’s Hat B (R11)",
      "statusNote": "For H20, remove Hat B’s unused state, relabel state 3 as 2 and drop the empty-neighbour birth guard. This agrees on checked launches, not all inputs. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "E2026",
        "EC2026"
      ],
      "credit": "James Edmond for Hat B; package for recorded simplification",
      "family": "ordered priority table",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "James Edmond’s interactive project",
          "url": "https://offlattice.org/monotile/"
        },
        {
          "label": "Edmond’s paper: Gliders on Aperiodic Monotilings",
          "url": "https://arxiv.org/abs/2609.22579"
        },
        {
          "label": "Edmond’s Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/exhaustive-search/hat-targeted/priority-simplification.json",
        "research/exhaustive-search/hat-targeted/selected.json",
        "research/exhaustive-search/hat-targeted/simplification-counterexample.json",
        "research/fixtures/aperiodic-evidence.json",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/published-priority-rules.json",
        "test-priority-rules.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "rows": [
        {
          "own": 0,
          "conditions": [
            [
              1,
              2
            ]
          ],
          "next": 0
        },
        {
          "own": 0,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 1
        },
        {
          "own": 1,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 2
        }
      ],
      "stateDefinition": "Every state value is counted separately among the chosen neighbours; apply the first matching row and otherwise output 0; there is no automatic refractory progression.",
      "id": "R14",
      "page": 110,
      "sourceReferences": [
        2,
        3
      ],
      "citationGroups": [
        {
          "label": "Parent rule: Edmond’s Hat B, reproduced as R11",
          "references": [
            2,
            3
          ]
        }
      ]
    },
    {
      "tuple": [
        "hat",
        "touch",
        "TABLE:HAT-WAKE",
        4
      ],
      "tiling": "hat",
      "neighborhood": "touch",
      "rule": "TABLE:HAT-WAKE",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hat-wake-traveller"
      ],
      "mainCatalogueEntryIds": [
        "hat-wake-traveller"
      ],
      "statusLabel": "Package-evolved table; no identified precedent",
      "statusNote": "Obtained by random-initialised evolutionary search and trajectory-preserving reduction; H01 records its derivation. No earlier exact specification was identified in literature reviewed as at 14 October 2026. Edmond supplies the earlier framework, not this exact table.",
      "referenceIds": [
        "E2026",
        "EC2026"
      ],
      "credit": "Aperiodic Life search; James Edmond for preceding Hat glider framework",
      "family": "ordered priority table",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "James Edmond’s Hat and Spectre paper",
          "url": "https://arxiv.org/abs/2609.22579"
        },
        {
          "label": "Edmond’s Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/continued-search/hat-relay/campaigns.json",
        "research/continued-search/hat-relay/final-rules.json",
        "research/continued-search/verification/README.md",
        "research/fixtures/catalogue-provenance.json"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "rows": [
        {
          "own": 1,
          "conditions": [
            [
              0,
              3
            ],
            [
              2,
              1
            ]
          ],
          "next": 2
        },
        {
          "own": 0,
          "conditions": [
            [
              0,
              4
            ],
            [
              2,
              1
            ]
          ],
          "next": 1
        },
        {
          "own": 1,
          "conditions": [
            [
              0,
              4
            ]
          ],
          "next": 3
        },
        {
          "own": 0,
          "conditions": [
            [
              1,
              1
            ],
            [
              2,
              1
            ]
          ],
          "next": 3
        }
      ],
      "stateDefinition": "Every state value is counted separately among the chosen neighbours; apply the first matching row and otherwise output 0; there is no automatic refractory progression.",
      "id": "R15",
      "page": 110,
      "sourceReferences": [
        2,
        3
      ],
      "citationGroups": [
        {
          "label": "Framework background: Edmond’s Hat/Spectre work",
          "references": [
            2,
            3
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "edge",
        "B12/S",
        2
      ],
      "tiling": "penrose",
      "neighborhood": "edge",
      "rule": "B12/S",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-b12-p840-field"
      ],
      "mainCatalogueEntryIds": [
        "penrose-b12-p840-field"
      ],
      "statusLabel": "Package-selected field-demonstration rule",
      "statusNote": "Chosen for a deterministic field demonstration in the package, using the established birth/survival framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [],
      "credit": null,
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/survey-fields.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "birthCounts": [
        1,
        2
      ],
      "survivalCounts": [],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R16",
      "page": 111,
      "sourceReferences": [
        14
      ],
      "citationGroups": [
        {
          "label": "Notation and framework: Golly, QuickLife",
          "references": [
            14
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "edge",
        "B23/S23",
        2
      ],
      "tiling": "penrose",
      "neighborhood": "edge",
      "rule": "B23/S23",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-edge-b23s23-p822"
      ],
      "mainCatalogueEntryIds": [
        "penrose-edge-b23s23-p822"
      ],
      "statusLabel": "Package-selected binary rule",
      "statusNote": "Selected in the package’s Penrose shared-edge search. Owens and Stepney’s R27 uses different counts and boundary-contact neighbours. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "OS2010C"
      ],
      "credit": null,
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
          "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
        }
      ],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/render-oscillator-atlas.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "birthCounts": [
        2,
        3
      ],
      "survivalCounts": [
        2,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R17",
      "page": 111,
      "sourceReferences": [
        5
      ],
      "citationGroups": [
        {
          "label": "Different-rule background: Owens and Stepney",
          "references": [
            5
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "edge",
        "B3/S23",
        2
      ],
      "tiling": "penrose",
      "neighborhood": "edge",
      "rule": "B3/S23",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-edge-conway-p4"
      ],
      "mainCatalogueEntryIds": [
        "penrose-edge-conway-p4"
      ],
      "statusLabel": "Conway counts transferred to another graph",
      "statusNote": "Conway’s B3/S23 counts are applied to the Penrose shared-edge graph. Gardner’s source describes eight-neighbour square Life, not this complete rule. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "GARDNER1970"
      ],
      "credit": "John Conway for the birth/survival counts; package for these recorded examples",
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
          "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
        }
      ],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/mine-oscillators.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "birthCounts": [
        3
      ],
      "survivalCounts": [
        2,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R18",
      "page": 111,
      "sourceReferences": [
        13
      ],
      "citationGroups": [
        {
          "label": "Count-rule source: Conway, reported by Gardner (1970)",
          "references": [
            13
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "touch",
        "B2/S",
        3
      ],
      "tiling": "penrose",
      "neighborhood": "touch",
      "rule": "B2/S",
      "generations": 3,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-brain-field"
      ],
      "mainCatalogueEntryIds": [
        "penrose-brain-field"
      ],
      "statusLabel": "Brian’s Brain transition on Penrose rhombs",
      "statusNote": "Brian Silverman’s three-state Brain transition is transferred to Penrose boundary-contact neighbours. The cited standard square-grid rule is not this full specification. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "BRAIN"
      ],
      "credit": "Brian Silverman for Brain; package for the Penrose seeded demonstration",
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "CelLab documentation: Brian Silverman's Brain rule",
          "url": "https://www.fourmilab.ch/cellab/manual/chap4.html"
        }
      ],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/survey-fields.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 2 becomes 0; refractory cells cannot be born or survive.",
      "id": "R19",
      "page": 112,
      "sourceReferences": [
        7
      ],
      "citationGroups": [
        {
          "label": "Transition source: Rucker and Walker, Brian’s Brain",
          "references": [
            7
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "touch",
        "B2/S",
        4
      ],
      "tiling": "penrose",
      "neighborhood": "touch",
      "rule": "B2/S",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-b2-c4-compact-traveller"
      ],
      "mainCatalogueEntryIds": [
        "penrose-b2-c4-compact-traveller"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "This 4-state B2/S rule was selected in the package’s Penrose searches. Goucher’s earlier gliders use a different priority table. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "G2012"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Goucher (2012): earlier Penrose glider under a different rule",
          "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
        }
      ],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/search-mobile-patterns.js",
        "research/verify-penrose-traveller.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 3 becomes 0; refractory cells cannot be born or survive.",
      "id": "R20",
      "page": 112,
      "sourceReferences": [
        4,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Different-rule background: Goucher’s Penrose gliders",
          "references": [
            4
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "touch",
        "B2/S",
        5
      ],
      "tiling": "penrose",
      "neighborhood": "touch",
      "rule": "B2/S",
      "generations": 5,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-b2-c5-five-launcher",
        "penrose-b2-c5-compact-traveller"
      ],
      "mainCatalogueEntryIds": [
        "penrose-b2-c5-five-launcher",
        "penrose-b2-c5-compact-traveller"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "This 5-state B2/S rule was selected in the package’s Penrose searches. Goucher’s earlier gliders use a different priority table. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "G2012"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Goucher (2012): earlier Penrose glider under a different rule",
          "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
        }
      ],
      "evidence": [
        "discoveries.js",
        "docs/GLIDER_SEARCH.md",
        "docs/RULE_SURVEY.md",
        "research/exhaustive-search/penrose/campaigns.json",
        "research/exhaustive-search/penrose/selected-launcher-evidence.json",
        "research/fixtures/aperiodic-evidence.json",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/search-mobile-patterns.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 4 becomes 0; refractory cells cannot be born or survive.",
      "id": "R21",
      "page": 112,
      "sourceReferences": [
        4,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Different-rule background: Goucher’s Penrose gliders",
          "references": [
            4
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "touch",
        "B2/S",
        6
      ],
      "tiling": "penrose",
      "neighborhood": "touch",
      "rule": "B2/S",
      "generations": 6,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-b2-c6-twelve-launcher",
        "penrose-b2-c6-six-launcher",
        "penrose-b2-c6-compact-traveller"
      ],
      "mainCatalogueEntryIds": [
        "penrose-b2-c6-twelve-launcher",
        "penrose-b2-c6-six-launcher",
        "penrose-b2-c6-compact-traveller"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "This 6-state B2/S rule was selected in the package’s Penrose searches. Goucher’s earlier gliders use a different priority table. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "G2012"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Goucher (2012): earlier Penrose glider under a different rule",
          "url": "https://cp4space.hatsya.com/wp-content/uploads/2012/11/2012-penrose-gliders.pdf"
        }
      ],
      "evidence": [
        "discoveries.js",
        "docs/GLIDER_SEARCH.md",
        "docs/RULE_SURVEY.md",
        "research/continued-search/penrose/campaigns.json",
        "research/continued-search/penrose/twelve-launcher-evidence.json",
        "research/continued-search/penrose/verify-twelve.js",
        "research/exhaustive-search/penrose/campaigns.json",
        "research/exhaustive-search/penrose/selected-launcher-evidence.json",
        "research/fixtures/aperiodic-evidence.json",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/search-mobile-patterns.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 5 becomes 0; refractory cells cannot be born or survive.",
      "id": "R22",
      "page": 113,
      "sourceReferences": [
        4,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Different-rule background: Goucher’s Penrose gliders",
          "references": [
            4
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "touch",
        "B2/S4",
        5
      ],
      "tiling": "penrose",
      "neighborhood": "touch",
      "rule": "B2/S4",
      "generations": 5,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-b2s4-c5-survival-launcher"
      ],
      "mainCatalogueEntryIds": [
        "penrose-b2s4-c5-survival-launcher"
      ],
      "statusLabel": "Package-selected launch-rule variant",
      "statusNote": "The package added S4 survivals to its R21 travelling-core rule, changing ignition. The later core is the package’s R21 core, not Goucher’s different mechanism. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "G2012"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/search-mobile-patterns.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [
        4
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 4 becomes 0; refractory cells cannot be born or survive.",
      "id": "R23",
      "page": 113,
      "sourceReferences": [
        4
      ],
      "citationGroups": [
        {
          "label": "Different-rule background: Goucher’s Penrose gliders",
          "references": [
            4
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "touch",
        "B24/S",
        4
      ],
      "tiling": "penrose",
      "neighborhood": "touch",
      "rule": "B24/S",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-b24-c4-launcher-traveller"
      ],
      "mainCatalogueEntryIds": [
        "penrose-b24-c4-launcher-traveller"
      ],
      "statusLabel": "Package-selected launch-rule variant",
      "statusNote": "The package added B4 births to its R20 travelling-core rule, changing ignition. The later core is the package’s R20 core, not Goucher’s different mechanism. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "G2012"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/search-mobile-patterns.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        2,
        4
      ],
      "survivalCounts": [],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 3 becomes 0; refractory cells cannot be born or survive.",
      "id": "R24",
      "page": 113,
      "sourceReferences": [
        4
      ],
      "citationGroups": [
        {
          "label": "Different-rule background: Goucher’s Penrose gliders",
          "references": [
            4
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "touch",
        "B26/S",
        4
      ],
      "tiling": "penrose",
      "neighborhood": "touch",
      "rule": "B26/S",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-b26s-c4-birth-launcher"
      ],
      "mainCatalogueEntryIds": [
        "penrose-b26s-c4-birth-launcher"
      ],
      "statusLabel": "Package-selected launch-rule variant",
      "statusNote": "The package added B6 births to its R20 travelling-core rule, changing ignition. The later core is the package’s R20 core, not Goucher’s different mechanism. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "G2012"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/search-mobile-patterns.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        2,
        6
      ],
      "survivalCounts": [],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 3 becomes 0; refractory cells cannot be born or survive.",
      "id": "R25",
      "page": 114,
      "sourceReferences": [
        4
      ],
      "citationGroups": [
        {
          "label": "Different-rule background: Goucher’s Penrose gliders",
          "references": [
            4
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "touch",
        "B27/S4",
        4
      ],
      "tiling": "penrose",
      "neighborhood": "touch",
      "rule": "B27/S4",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-b27s4-c4-dual-clause-launcher"
      ],
      "mainCatalogueEntryIds": [
        "penrose-b27s4-c4-dual-clause-launcher"
      ],
      "statusLabel": "Package-selected launch-rule variant",
      "statusNote": "The package added B7 births and S4 survivals to its R20 travelling-core rule, changing ignition. The later core is the package’s R20 core, not Goucher’s different mechanism. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "G2012"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/search-mobile-patterns.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        2,
        7
      ],
      "survivalCounts": [
        4
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 3 becomes 0; refractory cells cannot be born or survive.",
      "id": "R26",
      "page": 114,
      "sourceReferences": [
        4
      ],
      "citationGroups": [
        {
          "label": "Different-rule background: Goucher’s Penrose gliders",
          "references": [
            4
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "touch",
        "B3/S23",
        2
      ],
      "tiling": "penrose",
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-conway-p4",
        "penrose-conway-p5",
        "penrose-conway-p7",
        "penrose-conway-p12",
        "penrose-conway-diehard-293",
        "penrose-conway-methuselah-289"
      ],
      "mainCatalogueEntryIds": [
        "penrose-conway-p4",
        "penrose-conway-p5",
        "penrose-conway-p7",
        "penrose-conway-p12",
        "penrose-conway-diehard-293",
        "penrose-conway-methuselah-289"
      ],
      "statusLabel": "Published Penrose Life rule",
      "statusNote": "Owens and Stepney used binary B3/S23 on Penrose rhombs with boundary-contact neighbours. Their published full rule precedes this package; individual configurations require separate comparisons, including unresolved P09.",
      "referenceIds": [
        "OS2010C",
        "OS2010J"
      ],
      "credit": "John Conway for the square-Life counts; Nick Owens and Susan Stepney for this Penrose use",
      "family": "binary birth/survival",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
          "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
        },
        {
          "label": "Stepney (2016), Fig. 6: published fireworks oscillator",
          "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/AAGoL2016.pdf"
        },
        {
          "label": "Owens & Stepney (2010): Penrose Life statistics",
          "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/jca10.pdf"
        }
      ],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/mine-oscillators.js",
        "research/search-transients.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        3
      ],
      "survivalCounts": [
        2,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R27",
      "page": 114,
      "sourceReferences": [
        5,
        10
      ],
      "citationGroups": [
        {
          "label": "Rule source: Owens and Stepney (2010)",
          "references": [
            5,
            10
          ]
        }
      ]
    },
    {
      "tuple": [
        "penrose",
        "touch",
        "B3/S23",
        3
      ],
      "tiling": "penrose",
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 3,
      "includedInMainCatalogue": true,
      "entryIds": [
        "penrose-conway-c3-p14"
      ],
      "mainCatalogueEntryIds": [
        "penrose-conway-c3-p14"
      ],
      "statusLabel": "Package Generations extension of R27",
      "statusNote": "Adds one refractory state to the binary Penrose Life rule R27. The three-state transition differs from Owens and Stepney’s binary automaton. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "OS2010C",
        "OS2010J"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Owens & Stepney (2010): Penrose Life catalogue and classification",
          "url": "https://www-users.york.ac.uk/~ss44/bib/ss/nonstd/penroselife.htm"
        }
      ],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/render-oscillator-atlas.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "birthCounts": [
        3
      ],
      "survivalCounts": [
        2,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 2 becomes 0; refractory cells cannot be born or survive.",
      "id": "R28",
      "page": 115,
      "sourceReferences": [
        5,
        10,
        33
      ],
      "citationGroups": [
        {
          "label": "Binary parent: Owens and Stepney’s Penrose Life",
          "references": [
            5,
            10
          ]
        },
        {
          "label": "Refractory framework: Golly, Generations",
          "references": [
            33
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B135/S0246",
        2
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B135/S0246",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-parity-seven-copy"
      ],
      "mainCatalogueEntryIds": [
        "hex-parity-seven-copy"
      ],
      "statusLabel": "XOR rule; illustrative package construction",
      "statusNote": "The update equals XOR of the centre state and six neighbours. C01 explains the algebra and the three-cell illustrative seed assembled here. No new XOR replication principle is claimed.",
      "referenceIds": [],
      "credit": "Established additive/XOR cellular-automaton mechanism; package demonstration",
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "docs/HEXAGONAL_STRUCTURES.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        1,
        3,
        5
      ],
      "survivalCounts": [
        0,
        2,
        4,
        6
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R29",
      "page": 115,
      "sourceReferences": [],
      "citationGroups": []
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B2/S0",
        3
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B2/S0",
      "generations": 3,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b2s0-c3-three-cell-glider"
      ],
      "mainCatalogueEntryIds": [
        "hex-b2s0-c3-three-cell-glider"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established Generations framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/exhaustive-search/hex/campaigns.json",
        "research/exhaustive-search/hex/search.cpp",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-exhaustive-evidence.json",
        "test-hex-exhaustive-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [
        0
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 2 becomes 0; refractory cells cannot be born or survive.",
      "id": "R30",
      "page": 115,
      "sourceReferences": [
        8,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B2/S1",
        3
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B2/S1",
      "generations": 3,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hex-b2s1-c3-p999-rotor",
        "hex-b2s1-c3-p158-traveller"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Previously published six-neighbour rule",
      "statusNote": "c0b0p0’s 27 February 2014 contribution supplies the B2/S1, C=3 period-999 rotor X31 and period-158 ship X33. These dated examples establish prior use of the full rule, without identifying its first proposer.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": "c0b0p0 for the matched 2014 patterns; first rule authorship not separately asserted",
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "c0b0p0, B2/S1 three-state period-158 spaceship (27 February 2014)",
          "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=1319"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-published-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/verify-hex-published-provenance.js",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [
        1
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 2 becomes 0; refractory cells cannot be born or survive.",
      "id": "R31",
      "page": 116,
      "sourceReferences": [
        8
      ],
      "citationGroups": [
        {
          "label": "Prior use: c0b0p0, Hexagonal Generations Rules (2014)",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B2/S34",
        2
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B2/S34",
      "generations": 2,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hex-b2s34-p48-rotor",
        "hex-b2s34-wall-repair",
        "hex-b2s34-p2044-billiard"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Previously published six-neighbour rule",
      "statusNote": "drc’s 18 January 2016 oscillator record and Dean Hickerson’s 20 January 2016 wall and billiard-table records use this full rule. The reproduced objects are X28, X34 and X35.",
      "referenceIds": [
        "HX2016"
      ],
      "credit": "drc and Dean Hickerson for the matched published examples; first rule authorship not established",
      "family": "binary birth/survival",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "drc, published pair of B2/S34 period-48 oscillators (18 January 2016)",
          "url": "https://conwaylife.com/forums/viewtopic.php?p=28430"
        },
        {
          "label": "Dean Hickerson, B2/S34 walls and billiard tables (20 January 2016)",
          "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
        },
        {
          "label": "Primary discussion containing the published wall and billiard-table RLEs",
          "url": "https://conwaylife.com/forums/viewtopic.php?p=26919"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-published-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/binary/campaigns.json",
        "research/hex-search/binary/search.cpp",
        "research/verify-hex-published-provenance.js",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [
        3,
        4
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R32",
      "page": 116,
      "sourceReferences": [
        15,
        20,
        23
      ],
      "citationGroups": [
        {
          "label": "Oscillator source: drc (18 January 2016)",
          "references": [
            20
          ]
        },
        {
          "label": "Wall/billiard sources: Dean Hickerson (20 January 2016)",
          "references": [
            15,
            23
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B2/S3456",
        7
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B2/S3456",
      "generations": 7,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b2s3456-c7-p372-rotor"
      ],
      "mainCatalogueEntryIds": [
        "hex-b2s3456-c7-p372-rotor"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established Generations framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/generations/analyse.py",
        "research/hex-search/generations/campaigns.json",
        "research/hex-search/generations/search.cpp",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [
        3,
        4,
        5,
        6
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 6 becomes 0; refractory cells cannot be born or survive.",
      "id": "R33",
      "page": 116,
      "sourceReferences": [
        8,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B2/S35",
        2
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B2/S35",
      "generations": 2,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hex-b2s35-p5-traveller"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Published six-neighbour rule",
      "statusNote": "Bays (2005), Figure 3, describes the B2/S35 spaceship. X23 exactly matches Cerkan’s 22 January 2016 RLE. The package does not claim either rule or ship as original.",
      "referenceIds": [
        "B2005",
        "HX2016"
      ],
      "credit": "Carter Bays; John Cerkan for the compared published phase",
      "family": "binary birth/survival",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
          "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
        },
        {
          "label": "Bays (2005), Figures 3 and 4",
          "url": "https://wpmedia.wolfram.com/uploads/sites/13/2018/02/15-3-4.pdf"
        },
        {
          "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
          "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-published-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/hex-reference.js",
        "research/verify-hex-published-provenance.js",
        "test-hexagonal-evidence.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2
      ],
      "survivalCounts": [
        3,
        5
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R34",
      "page": 117,
      "sourceReferences": [
        11,
        15,
        19
      ],
      "citationGroups": [
        {
          "label": "Earlier rule and motion: Bays, Figure 3",
          "references": [
            11,
            19
          ]
        },
        {
          "label": "Matched seed source: John Cerkan (2016)",
          "references": [
            15
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B23/S13",
        4
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B23/S13",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b23s13-c4-p9-knightship-launcher"
      ],
      "mainCatalogueEntryIds": [
        "hex-b23s13-c4-p9-knightship-launcher"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established Generations framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/exhaustive-search/hex/campaigns.json",
        "research/exhaustive-search/hex/search.cpp",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-exhaustive-evidence.json",
        "test-hex-exhaustive-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        3
      ],
      "survivalCounts": [
        1,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 3 becomes 0; refractory cells cannot be born or survive.",
      "id": "R35",
      "page": 117,
      "sourceReferences": [
        8,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B23/S13",
        5
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B23/S13",
      "generations": 5,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b23s13-c5-p138-traveller"
      ],
      "mainCatalogueEntryIds": [
        "hex-b23s13-c5-p138-traveller"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established Generations framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/generations/analyse.py",
        "research/hex-search/generations/campaigns.json",
        "research/hex-search/generations/search.cpp",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        3
      ],
      "survivalCounts": [
        1,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 4 becomes 0; refractory cells cannot be born or survive.",
      "id": "R36",
      "page": 117,
      "sourceReferences": [
        8,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B23/S4",
        2
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B23/S4",
      "generations": 2,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hex-b23s4-p13-traveller"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Previously published six-neighbour rule",
      "statusNote": "John Cerkan’s 15 March 2020 contribution to Outer-totalistic hexagonal rules with spaceships supplies the retained B23/S4H seed, reproduced as X32. This establishes prior use of the complete rule.",
      "referenceIds": [
        "HXOT"
      ],
      "credit": "John Cerkan for the matched 2020 pattern; first rule authorship not separately asserted",
      "family": "binary birth/survival",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "John Cerkan, B23/S4H period-13 spaceship (15 March 2020)",
          "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=3670"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-published-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/verify-hex-published-provenance.js",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        3
      ],
      "survivalCounts": [
        4
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R37",
      "page": 118,
      "sourceReferences": [
        9
      ],
      "citationGroups": [
        {
          "label": "Prior rule and seed: John Cerkan (15 March 2020)",
          "references": [
            9
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B234/S13",
        4
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B234/S13",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b234s13-c4-p23-traveller"
      ],
      "mainCatalogueEntryIds": [
        "hex-b234s13-c4-p23-traveller"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established Generations framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/generations/analyse.py",
        "research/hex-search/generations/campaigns.json",
        "research/hex-search/generations/search.cpp",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        3,
        4
      ],
      "survivalCounts": [
        1,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 3 becomes 0; refractory cells cannot be born or survive.",
      "id": "R38",
      "page": 118,
      "sourceReferences": [
        8,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B234/S1346",
        3
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B234/S1346",
      "generations": 3,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b234s1346-c3-four-cell-launcher"
      ],
      "mainCatalogueEntryIds": [
        "hex-b234s1346-c3-four-cell-launcher"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established Generations framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/exhaustive-search/hex/campaigns.json",
        "research/exhaustive-search/hex/search.cpp",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-exhaustive-evidence.json",
        "test-hex-exhaustive-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        3,
        4
      ],
      "survivalCounts": [
        1,
        3,
        4,
        6
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 2 becomes 0; refractory cells cannot be born or survive.",
      "id": "R39",
      "page": 118,
      "sourceReferences": [
        8,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B234/S245",
        5
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B234/S245",
      "generations": 5,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b234s245-c5-p10-knightship-launcher"
      ],
      "mainCatalogueEntryIds": [
        "hex-b234s245-c5-p10-knightship-launcher"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established Generations framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/exhaustive-search/hex/campaigns.json",
        "research/exhaustive-search/hex/search.cpp",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-exhaustive-evidence.json",
        "test-hex-exhaustive-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        3,
        4
      ],
      "survivalCounts": [
        2,
        4,
        5
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 4 becomes 0; refractory cells cannot be born or survive.",
      "id": "R40",
      "page": 119,
      "sourceReferences": [
        8,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B234/S3",
        2
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B234/S3",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b234s3-p4104"
      ],
      "mainCatalogueEntryIds": [
        "hex-b234s3-p4104"
      ],
      "statusLabel": "Package-selected binary rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established birth/survival framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HXOT"
      ],
      "credit": null,
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/binary/campaigns.json",
        "research/hex-search/binary/search.cpp",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        3,
        4
      ],
      "survivalCounts": [
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R41",
      "page": 119,
      "sourceReferences": [
        9
      ],
      "citationGroups": [
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            9
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B2345/S24",
        4
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B2345/S24",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b2345s24-c4-p48-traveller"
      ],
      "mainCatalogueEntryIds": [
        "hex-b2345s24-c4-p48-traveller"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established Generations framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/continued-search/hex/campaigns.json",
        "research/continued-search/hex/selected-evidence.json",
        "research/fixtures/catalogue-provenance.json"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        3,
        4,
        5
      ],
      "survivalCounts": [
        2,
        4
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 3 becomes 0; refractory cells cannot be born or survive.",
      "id": "R42",
      "page": 119,
      "sourceReferences": [
        8,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B235/S134",
        5
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B235/S134",
      "generations": 5,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hex-b235s134-c5-launcher-traveller"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Package rule applied to the published X23 seed",
      "statusNote": "The package changes R34 to B235/S134, C=5, while retaining X23’s live-cell geometry. Cerkan supplies the matched seed; Bays describes the earlier B2/S35 ship. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "B2005",
        "HX2016"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
          "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
        },
        {
          "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
          "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
        }
      ],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/hex-reference.js",
        "test-hexagonal-evidence.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        3,
        5
      ],
      "survivalCounts": [
        1,
        3,
        4
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 4 becomes 0; refractory cells cannot be born or survive.",
      "id": "R43",
      "page": 120,
      "sourceReferences": [
        11,
        15,
        19
      ],
      "citationGroups": [
        {
          "label": "Reused seed: John Cerkan’s B2/S35 ship",
          "references": [
            15
          ]
        },
        {
          "label": "Earlier B2/S35 ship, not this altered rule: Bays, Fig. 3",
          "references": [
            11,
            19
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B235/S146",
        4
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B235/S146",
      "generations": 4,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hex-b235s146-c4-launcher-traveller"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Package rule applied to the published X23 seed",
      "statusNote": "The package changes R34 to B235/S146, C=4, while retaining X23’s live-cell geometry. Cerkan supplies the matched seed; Bays describes the earlier B2/S35 ship. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "B2005",
        "HX2016"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
          "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
        },
        {
          "label": "John Cerkan, published B2/S35H spaceship RLE (22 January 2016)",
          "url": "https://conwaylife.com/forums/viewtopic.php?p=28428"
        }
      ],
      "evidence": [
        "discoveries.js",
        "docs/RULE_SURVEY.md",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/hex-reference.js",
        "test-hexagonal-evidence.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        3,
        5
      ],
      "survivalCounts": [
        1,
        4,
        6
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 3 becomes 0; refractory cells cannot be born or survive.",
      "id": "R44",
      "page": 120,
      "sourceReferences": [
        11,
        15,
        19
      ],
      "citationGroups": [
        {
          "label": "Reused seed: John Cerkan’s B2/S35 ship",
          "references": [
            15
          ]
        },
        {
          "label": "Earlier B2/S35 ship, not this altered rule: Bays, Fig. 3",
          "references": [
            11,
            19
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B24/S16",
        3
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B24/S16",
      "generations": 3,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b24s16-c3-p248-breather"
      ],
      "mainCatalogueEntryIds": [
        "hex-b24s16-c3-p248-breather"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established Generations framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/generations/analyse.py",
        "research/hex-search/generations/campaigns.json",
        "research/hex-search/generations/search.cpp",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        4
      ],
      "survivalCounts": [
        1,
        6
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 2 becomes 0; refractory cells cannot be born or survive.",
      "id": "R45",
      "page": 120,
      "sourceReferences": [
        8,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B24/S3",
        2
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B24/S3",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b24s3-p128-rotor"
      ],
      "mainCatalogueEntryIds": [
        "hex-b24s3-p128-rotor"
      ],
      "statusLabel": "Package-selected binary rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established birth/survival framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HXOT"
      ],
      "credit": null,
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/binary/campaigns.json",
        "research/hex-search/binary/search.cpp",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        4
      ],
      "survivalCounts": [
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R46",
      "page": 121,
      "sourceReferences": [
        9
      ],
      "citationGroups": [
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            9
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B245/S02",
        5
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B245/S02",
      "generations": 5,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b245s02-c5-p6-puffer",
        "hex-b245s02-c5-three-cell-twin-puffer-launcher"
      ],
      "mainCatalogueEntryIds": [
        "hex-b245s02-c5-p6-puffer",
        "hex-b245s02-c5-three-cell-twin-puffer-launcher"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established Generations framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/continued-search/hex/campaigns.json",
        "research/continued-search/hex/selected-evidence.json",
        "research/fixtures/catalogue-provenance.json"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        4,
        5
      ],
      "survivalCounts": [
        0,
        2
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 4 becomes 0; refractory cells cannot be born or survive.",
      "id": "R47",
      "page": 121,
      "sourceReferences": [
        8,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B245/S3",
        2
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B245/S3",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b245s3-p10-traveller",
        "hex-b245s3-p57-pulsator"
      ],
      "mainCatalogueEntryIds": [
        "hex-b245s3-p57-pulsator"
      ],
      "statusLabel": "Published six-neighbour rule",
      "statusNote": "Bays (2005), Figure 4, describes a B245/S3 spaceship. X24 exactly matches Golly’s executable hexagonal example; Golly’s page does not name Bays. X16’s separate oscillator has its own provenance.",
      "referenceIds": [
        "B2005",
        "GOLLYQL"
      ],
      "credit": "Carter Bays; Golly for the executable reference example",
      "family": "binary birth/survival",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Golly QuickLife documentation, hexagonal neighbourhood example",
          "url": "https://golly.sourceforge.io/Help/Algorithms/QuickLife.html"
        },
        {
          "label": "Carter Bays, A Note on the Game of Life in Hexagonal and Pentagonal Tessellations (2005)",
          "url": "https://www.complex-systems.com/abstracts/v15_i03_a04/"
        },
        {
          "label": "Bays (2005), Figures 3 and 4",
          "url": "https://wpmedia.wolfram.com/uploads/sites/13/2018/02/15-3-4.pdf"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-b245s3-source.json",
        "research/fixtures/hex-published-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/binary/campaigns.json",
        "research/hex-search/binary/search.cpp",
        "research/verify-hex-published-provenance.js",
        "test-hexagonal-evidence.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        4,
        5
      ],
      "survivalCounts": [
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R48",
      "page": 121,
      "sourceReferences": [
        11,
        14,
        19
      ],
      "citationGroups": [
        {
          "label": "Earlier rule and motion: Bays, Figure 4",
          "references": [
            11,
            19
          ]
        },
        {
          "label": "Matched seed and rule: Golly, QuickLife",
          "references": [
            14
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B245/S35",
        2
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B245/S35",
      "generations": 2,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hex-b245s35-p25-traveller"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Previously published six-neighbour rule",
      "statusNote": "muzik’s 2019 B245/S35H spaceship in Outer-totalistic hexagonal rules with spaceships matches X27 over its complete orbit. The rule and spaceship precede this package.",
      "referenceIds": [
        "HXOT"
      ],
      "credit": "muzik for the matched 2019 publication; original authorship of the rule not separately asserted",
      "family": "binary birth/survival",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "muzik, B245/S35H period-25 spaceship (2019)",
          "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=3670"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-published-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/binary/campaigns.json",
        "research/hex-search/binary/search.cpp",
        "research/verify-hex-published-provenance.js",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        4,
        5
      ],
      "survivalCounts": [
        3,
        5
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R49",
      "page": 122,
      "sourceReferences": [
        9
      ],
      "citationGroups": [
        {
          "label": "Prior rule and matched ship: muzik (2019)",
          "references": [
            9
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B2456/S1345",
        4
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B2456/S1345",
      "generations": 4,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b2456s1345-c4-five-cell-launcher"
      ],
      "mainCatalogueEntryIds": [
        "hex-b2456s1345-c4-five-cell-launcher"
      ],
      "statusLabel": "Package-selected Generations rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established Generations framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": null,
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/exhaustive-search/hex/campaigns.json",
        "research/exhaustive-search/hex/search.cpp",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-exhaustive-evidence.json",
        "test-hex-exhaustive-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        4,
        5,
        6
      ],
      "survivalCounts": [
        1,
        3,
        4,
        5
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 3 becomes 0; refractory cells cannot be born or survive.",
      "id": "R50",
      "page": 122,
      "sourceReferences": [
        8,
        33
      ],
      "citationGroups": [
        {
          "label": "Framework: Golly, Generations",
          "references": [
            33
          ]
        },
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B246/S246",
        4
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B246/S246",
      "generations": 4,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hex-b246s246-c4-p30-gun"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Previously published four-state rule",
      "statusNote": "confocaloid’s 14 October 2024 contribution to Hexagonal Generations Rules supplies this rule and X29’s twelve-live-cell three-way gun seed. The package contributes independent verification.",
      "referenceIds": [
        "HG2014"
      ],
      "credit": "confocaloid for the matched gun publication; first rule authorship not separately asserted",
      "family": "Generations birth/survival with refractory states",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "confocaloid, 246/246/4H three-way gun (14 October 2024)",
          "url": "https://conwaylife.com/forums/viewtopic.php?f=11&t=1319"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-published-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/literature/certify-emitters.py",
        "research/verify-hex-published-provenance.js",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        4,
        6
      ],
      "survivalCounts": [
        2,
        4,
        6
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 2; each refractory state advances by one, and 3 becomes 0; refractory cells cannot be born or survive.",
      "id": "R51",
      "page": 122,
      "sourceReferences": [
        8
      ],
      "citationGroups": [
        {
          "label": "Rule and gun source: confocaloid (14 October 2024)",
          "references": [
            8
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B25/S34",
        2
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B25/S34",
      "generations": 2,
      "includedInMainCatalogue": false,
      "entryIds": [
        "hex-b25s34-p20-puffer"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Previously published six-neighbour rule",
      "statusNote": "X30 exactly matches Naszvadi’s 1 February 2024 puffer. Dmitry Maitak reports a 2023 occurrence, whose seed was not independently compared here. The original discoverer has not been identified by this audit.",
      "referenceIds": [
        "HXPUFFER2024"
      ],
      "credit": "Naszvadi for the compared publication; original discoverer unestablished",
      "family": "binary birth/survival",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Naszvadi, B25/S34H puffer (1 February 2024)",
          "url": "https://conwaylife.com/forums/viewtopic.php?p=177053#p177053"
        },
        {
          "label": "Source thread containing Naszvadi’s RLE and Dmitry Maitak’s earlier-publication note",
          "url": "https://conwaylife.com/forums/viewtopic.php?p=162954"
        },
        {
          "label": "Earlier 2023 occurrence cited by Dmitry Maitak; original priority not established in this audit",
          "url": "https://conwaylife.com/forums/viewtopic.php?p=163227#p163227"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hex-published-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/literature/certify-emitters.py",
        "research/verify-hex-published-provenance.js",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        2,
        5
      ],
      "survivalCounts": [
        3,
        4
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R52",
      "page": 123,
      "sourceReferences": [
        16,
        21,
        22
      ],
      "citationGroups": [
        {
          "label": "Matched rule and seed: Naszvadi (1 February 2024)",
          "references": [
            16
          ]
        },
        {
          "label": "Reported earlier occurrence; seed comparison incomplete",
          "references": [
            21,
            22
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B3/S23",
        2
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B3/S23",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-conway-p2",
        "hex-conway-p3",
        "hex-conway-p6",
        "hex-conway-p4",
        "hex-conway-p5",
        "hex-conway-p8"
      ],
      "mainCatalogueEntryIds": [
        "hex-conway-p2",
        "hex-conway-p3",
        "hex-conway-p6",
        "hex-conway-p4",
        "hex-conway-p5",
        "hex-conway-p8"
      ],
      "statusLabel": "Conway counts transferred to another graph",
      "statusNote": "Conway’s B3/S23 counts are applied to the six-neighbour hexagonal graph. Gardner’s source describes eight-neighbour square Life, not this complete rule. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "GARDNER1970"
      ],
      "credit": "John Conway for the birth/survival counts; package for these recorded examples",
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/oscillators/campaigns.json",
        "research/hex-search/oscillators/miner.cpp",
        "research/mine-oscillators.js",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        3
      ],
      "survivalCounts": [
        2,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R53",
      "page": 123,
      "sourceReferences": [
        13
      ],
      "citationGroups": [
        {
          "label": "Count-rule source: Conway, reported by Gardner (1970)",
          "references": [
            13
          ]
        }
      ]
    },
    {
      "tuple": [
        "hex",
        "edge",
        "B34/S234",
        2
      ],
      "tiling": "hex",
      "neighborhood": "edge",
      "rule": "B34/S234",
      "generations": 2,
      "includedInMainCatalogue": true,
      "entryIds": [
        "hex-b34s234-p269"
      ],
      "mainCatalogueEntryIds": [
        "hex-b34s234-p269"
      ],
      "statusLabel": "Package-selected binary rule",
      "statusNote": "Selected by the package’s six-neighbour hexagonal search within the established birth/survival framework. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "referenceIds": [
        "HXOT"
      ],
      "credit": null,
      "family": "binary birth/survival",
      "fullRulePriorUse": "unestablished in reviewed sources",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/hexagonal-evidence.json",
        "research/fixtures/hexagonal-sources.json",
        "research/hex-reference.js",
        "research/hex-search/oscillators/campaigns.json",
        "research/hex-search/oscillators/miner.cpp",
        "test-hexagonal-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment; a corner-only contact does not count, and the cell itself never counts.",
      "neighbourNote": "Exactly six neighbours on the unbounded regular honeycomb; edge-or-corner adjacency gives the same six cells.",
      "birthCounts": [
        3,
        4
      ],
      "survivalCounts": [
        2,
        3,
        4
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R54",
      "page": 123,
      "sourceReferences": [
        9
      ],
      "citationGroups": [
        {
          "label": "Literature surveyed, not an exact-rule predecessor",
          "references": [
            9
          ]
        }
      ]
    },
    {
      "tuple": [
        "square",
        "touch",
        "B3/S23",
        2
      ],
      "tiling": "square",
      "neighborhood": "touch",
      "rule": "B3/S23",
      "generations": 2,
      "includedInMainCatalogue": false,
      "entryIds": [
        "square-block",
        "square-blinker",
        "square-pulsar",
        "square-pentadecathlon",
        "square-glider",
        "square-lwss",
        "square-diehard",
        "square-r-pentomino",
        "square-acorn"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Standard Conway Life",
      "statusNote": "John Conway’s binary B3/S23 rule on the square grid with eight boundary-contact neighbours, published by Martin Gardner in October 1970.",
      "referenceIds": [
        "GARDNER1970"
      ],
      "credit": "John Conway; Martin Gardner for the original published account",
      "family": "binary birth/survival",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "Martin Gardner, Scientific American, October 1970 (original article)",
          "url": "https://www.ibiblio.org/lifepatterns/october1970.html"
        },
        {
          "label": "Stephen Silver, Life Lexicon: blinker (Golly distribution)",
          "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_b.htm"
        },
        {
          "label": "Stephen Silver, Life Lexicon: pentadecathlon (Golly distribution)",
          "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_p.htm"
        },
        {
          "label": "Stephen Silver, Life Lexicon: glider (Golly distribution)",
          "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_g.htm"
        },
        {
          "label": "Stephen Silver, Life Lexicon: LWSS (Golly distribution)",
          "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_l.htm"
        },
        {
          "label": "Stephen Silver, Life Lexicon: diehard (Golly distribution)",
          "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_d.htm"
        },
        {
          "label": "Stephen Silver, Life Lexicon: R-pentomino (Golly distribution)",
          "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_r.htm"
        },
        {
          "label": "Robert Wainwright, Lifeline No. 3 (1971), page 12: original Acorn attribution",
          "url": "https://conwaylife.com/wiki/Lifeline_Volume_3"
        },
        {
          "label": "Stephen Silver, Life Lexicon: acorn (Golly distribution)",
          "url": "https://sources.debian.org/data/main/g/golly/3.2-2/Help/Lexicon/lex_a.htm"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/verify-catalog.js",
        "test-discoveries.js",
        "test-traveller-evidence.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "neighbourNote": "Eight neighbours for the square edge-or-corner graph.",
      "birthCounts": [
        3
      ],
      "survivalCounts": [
        2,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R55",
      "page": 124,
      "sourceReferences": [
        13
      ],
      "citationGroups": [
        {
          "label": "Published rule account: Gardner (1970), Conway’s Life",
          "references": [
            13
          ]
        }
      ]
    },
    {
      "tuple": [
        "square",
        "touch",
        "B36/S23",
        2
      ],
      "tiling": "square",
      "neighborhood": "touch",
      "rule": "B36/S23",
      "generations": 2,
      "includedInMainCatalogue": false,
      "entryIds": [
        "square-highlife-replicator"
      ],
      "mainCatalogueEntryIds": [],
      "statusLabel": "Established HighLife rule",
      "statusNote": "The standard binary B36/S23 rule on the eight-neighbour square grid. Eppstein’s account credits S07’s replicator to Nathan Thompson (1994); that pattern credit does not establish who first proposed the rule.",
      "referenceIds": [
        "HIGHLIFE"
      ],
      "credit": "Nathan Thompson for the replicator; first rule authorship not separately assigned here",
      "family": "binary birth/survival",
      "fullRulePriorUse": "documented",
      "priorUseDoesNotImplyFirstAuthorship": true,
      "sources": [
        {
          "label": "David Eppstein, Replicators: HighLife",
          "url": "https://ics.uci.edu/~eppstein/ca/replicators/b36s23.html"
        },
        {
          "label": "Published HighLife replicator seed",
          "url": "https://conwaylife.com/wiki/OCA:HighLife/Replicator"
        }
      ],
      "evidence": [
        "discoveries.js",
        "research/fixtures/catalogue-provenance.json",
        "research/fixtures/catalogue-verification.json",
        "research/verify-catalog.js",
        "test-discoveries.js"
      ],
      "neighbourDefinition": "All other tiles sharing a positive-length boundary segment or a boundary point; never the cell itself.",
      "neighbourNote": "Eight neighbours for the square edge-or-corner graph.",
      "birthCounts": [
        3,
        6
      ],
      "survivalCounts": [
        2,
        3
      ],
      "stateDefinition": "State 0 is dead; state 1 is live; only state 1 neighbours count. A failed survivor becomes 0.",
      "id": "R56",
      "page": 124,
      "sourceReferences": [
        17
      ],
      "citationGroups": [
        {
          "label": "Rule and replicator account: David Eppstein, HighLife",
          "references": [
            17
          ]
        }
      ]
    }
  ],
  "ruleTables": {
    "TABLE:HAT-A": {
      "states": 4,
      "name": "Edmond hat A",
      "rows": [
        {
          "own": 0,
          "conditions": [
            [
              2,
              2
            ]
          ],
          "next": 0
        },
        {
          "own": null,
          "conditions": [
            [
              1,
              3
            ]
          ],
          "next": 3
        },
        {
          "own": 2,
          "conditions": [
            [
              1,
              1
            ],
            [
              0,
              1
            ]
          ],
          "next": 1
        },
        {
          "own": 1,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 3
        },
        {
          "own": 0,
          "conditions": [
            [
              1,
              1
            ]
          ],
          "next": 2
        }
      ]
    },
    "TABLE:HAT-B": {
      "states": 4,
      "name": "Edmond hat B",
      "rows": [
        {
          "own": 0,
          "conditions": [
            [
              1,
              2
            ],
            [
              0,
              1
            ]
          ],
          "next": 0
        },
        {
          "own": 0,
          "conditions": [
            [
              0,
              2
            ],
            [
              2,
              2
            ]
          ],
          "next": 1
        },
        {
          "own": 0,
          "conditions": [
            [
              0,
              2
            ],
            [
              3,
              1
            ]
          ],
          "next": 1
        },
        {
          "own": 1,
          "conditions": [
            [
              3,
              1
            ]
          ],
          "next": 3
        }
      ]
    },
    "TABLE:HAT-C": {
      "states": 4,
      "name": "Edmond hat C",
      "rows": [
        {
          "own": null,
          "conditions": [
            [
              2,
              1
            ],
            [
              1,
              3
            ]
          ],
          "next": 3
        },
        {
          "own": 1,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 2
        },
        {
          "own": 3,
          "conditions": [
            [
              3,
              3
            ]
          ],
          "next": 3
        },
        {
          "own": 0,
          "conditions": [
            [
              3,
              2
            ]
          ],
          "next": 1
        },
        {
          "own": null,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 1
        }
      ]
    },
    "TABLE:HAT-SIMPLE": {
      "states": 3,
      "name": "Three-state hat relay",
      "rows": [
        {
          "own": 0,
          "conditions": [
            [
              1,
              2
            ]
          ],
          "next": 0
        },
        {
          "own": 0,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 1
        },
        {
          "own": 1,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 2
        }
      ]
    },
    "TABLE:HAT-WAKE": {
      "states": 4,
      "name": "Hat wake traveller",
      "rows": [
        {
          "own": 1,
          "conditions": [
            [
              0,
              3
            ],
            [
              2,
              1
            ]
          ],
          "next": 2
        },
        {
          "own": 0,
          "conditions": [
            [
              0,
              4
            ],
            [
              2,
              1
            ]
          ],
          "next": 1
        },
        {
          "own": 1,
          "conditions": [
            [
              0,
              4
            ]
          ],
          "next": 3
        },
        {
          "own": 0,
          "conditions": [
            [
              1,
              1
            ],
            [
              2,
              1
            ]
          ],
          "next": 3
        }
      ]
    },
    "TABLE:HAT-RELAY": {
      "states": 3,
      "name": "Hat two-row relay — Spectre variant",
      "rows": [
        {
          "own": 1,
          "conditions": [
            [
              2,
              1
            ]
          ],
          "next": 2
        },
        {
          "own": 0,
          "conditions": [
            [
              0,
              4
            ],
            [
              2,
              1
            ]
          ],
          "next": 1
        }
      ]
    },
    "TABLE:SPECTRE": {
      "states": 4,
      "name": "Edmond Spectre relay",
      "rows": [
        {
          "own": 0,
          "conditions": [
            [
              0,
              3
            ],
            [
              1,
              1
            ]
          ],
          "next": 3
        },
        {
          "own": 3,
          "conditions": [
            [
              3,
              3
            ]
          ],
          "next": 0
        },
        {
          "own": 3,
          "conditions": [
            [
              1,
              1
            ]
          ],
          "next": 1
        }
      ]
    },
    "TABLE:PENROSE-GOUCHER": {
      "states": 4,
      "name": "Goucher Penrose glider",
      "rows": [
        {
          "own": 0,
          "conditions": [
            [
              1,
              1
            ],
            [
              2,
              1
            ]
          ],
          "next": 3
        },
        {
          "own": 0,
          "conditions": [
            [
              1,
              1
            ],
            [
              3,
              2
            ]
          ],
          "next": 1
        },
        {
          "own": 1,
          "conditions": [
            [
              3,
              1
            ]
          ],
          "next": 2
        },
        {
          "own": 1,
          "conditions": [],
          "next": 1
        },
        {
          "own": 2,
          "conditions": [],
          "next": 3
        }
      ]
    }
  },
  "rulePresets": [
    {
      "id": "U01",
      "menuValue": "conway",
      "name": "Conway",
      "rule": "B3/S23",
      "states": 2,
      "status": "Standard published rule",
      "creditAndScope": "John H. Conway; original public account by Martin Gardner (1970). Standard Conway Life uses the eight-neighbour square graph. On another selected graph this preset transfers the same counts, producing a different automaton.",
      "sources": [
        {
          "label": "Golly, QuickLife algorithm documentation",
          "url": "https://golly.sourceforge.io/Help/Algorithms/QuickLife.html",
          "reference": 14
        },
        {
          "label": "Martin Gardner, Mathematical Games, Scientific American 223, October 1970, pp. 120–123",
          "url": "https://www.ibiblio.org/lifepatterns/october1970.html",
          "reference": 13
        }
      ],
      "relatedRuleIds": [
        "R55"
      ],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "B/S or Generations rule template",
      "citationLabel": "Rule account: Gardner on Conway [13]; notation: Golly [14]"
    },
    {
      "id": "U02",
      "menuValue": "highlife",
      "name": "HighLife",
      "rule": "B36/S23",
      "states": 2,
      "status": "Standard published rule",
      "creditAndScope": "The established square Moore-neighbour HighLife rule. Nathan Thompson’s 1994 replicator and David Bell’s investigations predate this package. Other selected graphs give adaptations of these counts.",
      "sources": [
        {
          "label": "Golly, QuickLife algorithm documentation",
          "url": "https://golly.sourceforge.io/Help/Algorithms/QuickLife.html",
          "reference": 14
        },
        {
          "label": "David Eppstein, Replicators: HighLife",
          "url": "https://ics.uci.edu/~eppstein/ca/replicators/b36s23.html",
          "reference": 17
        }
      ],
      "relatedRuleIds": [
        "R56"
      ],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "B/S or Generations rule template",
      "citationLabel": "HighLife rule and replicator: Eppstein [17]; notation: Golly [14]"
    },
    {
      "id": "U03",
      "menuValue": "seeds",
      "name": "Seeds",
      "rule": "B2/S",
      "states": 2,
      "status": "Standard published rule",
      "creditAndScope": "Established two-state Seeds rule on the square Moore neighbourhood; the empty survival set means every live cell dies at the next update. Applying the counts to another graph does not transfer authorship or establish a new rule.",
      "sources": [
        {
          "label": "Golly, QuickLife algorithm documentation",
          "url": "https://golly.sourceforge.io/Help/Algorithms/QuickLife.html",
          "reference": 14
        }
      ],
      "relatedRuleIds": [
        "R01"
      ],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "B/S or Generations rule template",
      "citationLabel": "Named rule source: Golly QuickLife, Seeds [14]"
    },
    {
      "id": "U04",
      "menuValue": "brain",
      "name": "Brian’s Brain",
      "rule": "B2/S",
      "states": 3,
      "status": "Standard published rule",
      "creditAndScope": "Brian Silverman’s Brian’s Brain, conventionally on the square Moore neighbourhood. This is B2/S with three total states: failed survival gives state 2, which becomes 0 on the following update. The selected graph remains in force.",
      "sources": [
        {
          "label": "Rucker and Walker, CelLab manual, Brian’s Brain: attribution to Brian Silverman",
          "url": "https://www.fourmilab.ch/cellab/manual/chap4.html",
          "reference": 7
        },
        {
          "label": "Golly, Generations algorithm documentation",
          "url": "https://golly.sourceforge.io/Help/Algorithms/Generations.html",
          "reference": 33
        }
      ],
      "relatedRuleIds": [
        "R19"
      ],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "B/S or Generations rule template",
      "citationLabel": "Brian Silverman attribution: Rucker and Walker [7]; framework: Golly [33]"
    },
    {
      "id": "U05",
      "menuValue": "starwars",
      "name": "Star Wars",
      "rule": "B2/S345",
      "states": 4,
      "status": "Standard published rule",
      "creditAndScope": "Mirek Wójtowicz’s Star Wars, conventionally on the square Moore neighbourhood. This four-state Generations rule uses exact birth count 2 and exact survival counts 3, 4 or 5. No curated configuration currently selects this complete rule.",
      "sources": [
        {
          "label": "Golly, Generations algorithm documentation",
          "url": "https://golly.sourceforge.io/Help/Algorithms/Generations.html",
          "reference": 33
        }
      ],
      "relatedRuleIds": [],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "B/S or Generations rule template",
      "citationLabel": "Named rule and authorship source: Golly Generations [33]"
    },
    {
      "id": "U06",
      "menuValue": "lwd",
      "name": "Life without Death",
      "rule": "B3/Sall",
      "states": 2,
      "status": "Standard published rule, graph-dependent survival list",
      "creditAndScope": "A published rule studied by Griffeath and Moore (1996). Birth requires exactly three live neighbours; every live cell survives. Sall is a descriptive menu shorthand: the app expands it to every count from 0 to the maximum degree of the selected graph. On square touch this is B3/S012345678; on hex edge it is B3/S0123456.",
      "sources": [
        {
          "label": "David Griffeath and Cristopher Moore, Life Without Death is P-complete, Complex Systems 10 (1996), 437–447",
          "url": "https://www.complex-systems.com/abstracts/v10_i06_a03/",
          "reference": 34
        }
      ],
      "relatedRuleIds": [],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "B/S or Generations rule template",
      "citationLabel": "Published rule study: Griffeath and Moore (1996) [34]"
    },
    {
      "id": "U07",
      "menuValue": "hata",
      "name": "Hat glider A — Edmond table",
      "rule": "TABLE:HAT-A",
      "states": 4,
      "status": "Published table",
      "creditAndScope": "James Edmond’s published four-state Hat A table, reproduced in full as R10. The cited glider behaviour uses Hat boundary-contact neighbours; selecting this menu option does not change the graph.",
      "sources": [
        {
          "label": "James Edmond, Gliders on Aperiodic Monotilings: Cellular Automata on the Hat and Spectre (2026)",
          "url": "https://arxiv.org/abs/2609.22579",
          "reference": 2
        },
        {
          "label": "James Edmond, Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md",
          "reference": 3
        }
      ],
      "relatedRuleIds": [
        "R10"
      ],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "priority table",
      "citationLabel": "Published Hat A table: James Edmond’s paper and compendium [2,3]"
    },
    {
      "id": "U08",
      "menuValue": "hatb",
      "name": "Hat glider B — Edmond table",
      "rule": "TABLE:HAT-B",
      "states": 4,
      "status": "Published table",
      "creditAndScope": "James Edmond’s published four-state Hat B table, reproduced in full as R11. The published complete rule uses Hat boundary-contact neighbours; another selected graph gives a different automaton.",
      "sources": [
        {
          "label": "James Edmond, Gliders on Aperiodic Monotilings: Cellular Automata on the Hat and Spectre (2026)",
          "url": "https://arxiv.org/abs/2609.22579",
          "reference": 2
        },
        {
          "label": "James Edmond, Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md",
          "reference": 3
        }
      ],
      "relatedRuleIds": [
        "R11"
      ],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "priority table",
      "citationLabel": "Published Hat B table: James Edmond’s paper and compendium [2,3]"
    },
    {
      "id": "U09",
      "menuValue": "hatc",
      "name": "Hat glider C — Edmond table",
      "rule": "TABLE:HAT-C",
      "states": 4,
      "status": "Published table",
      "creditAndScope": "James Edmond’s published four-state Hat C table, reproduced in full as R12. His previously demonstrated triple launch is catalogued as H21 with a separately selected placement. The cited rule uses Hat boundary-contact neighbours.",
      "sources": [
        {
          "label": "James Edmond, Gliders on Aperiodic Monotilings: Cellular Automata on the Hat and Spectre (2026)",
          "url": "https://arxiv.org/abs/2609.22579",
          "reference": 2
        },
        {
          "label": "James Edmond, Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md",
          "reference": 3
        }
      ],
      "relatedRuleIds": [
        "R12"
      ],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "priority table",
      "citationLabel": "Published Hat C table and launch behaviour: Edmond [2,3]"
    },
    {
      "id": "U10",
      "menuValue": "hatsimple",
      "name": "Hat glider — three-state table",
      "rule": "TABLE:HAT-SIMPLE",
      "states": 3,
      "status": "Adaptation of Edmond’s Hat B (R11)",
      "creditAndScope": "The package removes a state unused by H20’s launch, relabels and drops an empty-neighbour birth guard. R14 agrees on the checked launches but differs on other inputs. No earlier exact specification was identified in literature reviewed as at 14 October 2026.",
      "sources": [
        {
          "label": "James Edmond, Gliders on Aperiodic Monotilings: Cellular Automata on the Hat and Spectre (2026)",
          "url": "https://arxiv.org/abs/2609.22579",
          "reference": 2
        },
        {
          "label": "James Edmond, Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md",
          "reference": 3
        }
      ],
      "relatedRuleIds": [
        "R14"
      ],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "priority table",
      "citationLabel": "Parent table: Edmond’s Hat B, R11 [2,3]"
    },
    {
      "id": "U11",
      "menuValue": "hatwake",
      "name": "Hat wake traveller",
      "rule": "TABLE:HAT-WAKE",
      "states": 4,
      "status": "Package-evolved table; no identified precedent",
      "creditAndScope": "R15 records the full table, obtained by the package’s independent random-initialised search and reduction. No earlier exact specification was identified in literature reviewed as at 14 October 2026. Edmond’s framework is background, not the source of this table.",
      "sources": [
        {
          "label": "James Edmond, Gliders on Aperiodic Monotilings: Cellular Automata on the Hat and Spectre (2026)",
          "url": "https://arxiv.org/abs/2609.22579",
          "reference": 2
        },
        {
          "label": "James Edmond, Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md",
          "reference": 3
        }
      ],
      "relatedRuleIds": [
        "R15"
      ],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "priority table",
      "citationLabel": "Background framework, not this exact table: Edmond [2,3]"
    },
    {
      "id": "U12",
      "menuValue": "hatrelay",
      "name": "Hat two-row relay — Spectre variant",
      "rule": "TABLE:HAT-RELAY",
      "states": 3,
      "status": "Adaptation of Edmond’s Spectre relay",
      "creditAndScope": "R13 was reduced during the package’s investigation of R15. H16’s checked mature trajectory matches Edmond’s Spectre relay after state relabelling; ignition and global guards differ.",
      "sources": [
        {
          "label": "James Edmond, Gliders on Aperiodic Monotilings: Cellular Automata on the Hat and Spectre (2026)",
          "url": "https://arxiv.org/abs/2609.22579",
          "reference": 2
        },
        {
          "label": "James Edmond, Glider Compendium",
          "url": "https://github.com/jamesedmond/monotile-ca/blob/main/GLIDERS.md",
          "reference": 3
        }
      ],
      "relatedRuleIds": [
        "R13"
      ],
      "graphSelection": "Uses the currently selected tiling and neighbourhood; neither is changed by the rule preset.",
      "kind": "priority table",
      "citationLabel": "Adapted travelling mechanism: Edmond’s Spectre relay [2,3]"
    }
  ],
  "references": [
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      "text": "Griffeath, David, and Moore, Cristopher. Life Without Death is P-complete. Complex Systems 10 (1996), 437–447. Published study of the square-grid rule used as template U06; this citation does not identify its first inventor.",
      "url": "https://www.complex-systems.com/abstracts/v10_i06_a03/"
    }
  ],
  "sourceHashes": {
    "core.js": "d39d1a0b0ed3b1307a9d9a9bbbabb75ee4479e257301674ac38c6b2b622b6ef3",
    "discoveries.js": "9f0d8e6969a0c6fe5fde89e29bc33437c39fb87e6464fa125c1be9da28fc5187",
    "research/fixtures/catalogue-provenance.json": "82dc2e0f6e1809aebee1faa21ae0c44677120928723146961c0b0d6f18e8f2a3",
    "research/fixtures/catalogue-verification.json": "d6b23c599e69c2da7d184bda671d158a316f675093ea004f53d51c9d90840c54"
  },
  "verification": {
    "schema": 2,
    "generatedBy": "research/verify-catalog.js",
    "catalogEntries": 89,
    "results": [
      {
        "id": "hat-wake-traveller",
        "title": "Hat wake traveller",
        "category": "Einstein-hat gliders and launchers",
        "tiling": "hat",
        "cells": 54289,
        "neighborhood": "touch",
        "rule": "TABLE:HAT-WAKE",
        "generations": 4,
        "kind": "long-lived compact seed",
        "verifiedThrough": 293,
        "finalAlive": 2,
        "finalChanged": 9,
        "maximumAlive": 4,
        "totalChanged": 2840,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 3,
            "changed": 11
          },
          {
            "generation": 100,
            "alive": 1,
            "changed": 8
          },
          {
            "generation": 150,
            "alive": 3,
            "changed": 10
          },
          {
            "generation": 200,
            "alive": 3,
            "changed": 10
          },
          {
            "generation": 250,
            "alive": 3,
            "changed": 11
          },
          {
            "generation": 293,
            "alive": 2,
            "changed": 9
          }
        ]
      },
      {
        "id": "hat-two-row-relay",
        "title": "Hat two-row relay — Spectre variant",
        "category": "Einstein-hat gliders and launchers",
        "tiling": "hat",
        "cells": 54289,
        "neighborhood": "touch",
        "rule": "TABLE:HAT-RELAY",
        "generations": 3,
        "kind": "long-lived compact seed",
        "verifiedThrough": 235,
        "finalAlive": 4,
        "finalChanged": 10,
        "maximumAlive": 10,
        "totalChanged": 2440,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 5,
            "changed": 11
          },
          {
            "generation": 100,
            "alive": 5,
            "changed": 11
          },
          {
            "generation": 150,
            "alive": 5,
            "changed": 11
          },
          {
            "generation": 200,
            "alive": 5,
            "changed": 11
          },
          {
            "generation": 235,
            "alive": 4,
            "changed": 10
          }
        ]
      },
      {
        "id": "hat-edmond-a-six-way-launcher",
        "title": "Hat A six-way launcher",
        "category": "Einstein-hat gliders and launchers",
        "tiling": "hat",
        "cells": 54289,
        "neighborhood": "touch",
        "rule": "TABLE:HAT-A",
        "generations": 4,
        "kind": "long-lived compact seed",
        "verifiedThrough": 180,
        "finalAlive": 9,
        "finalChanged": 66,
        "maximumAlive": 9,
        "totalChanged": 12190,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 8,
            "changed": 65
          },
          {
            "generation": 100,
            "alive": 6,
            "changed": 72
          },
          {
            "generation": 150,
            "alive": 7,
            "changed": 70
          },
          {
            "generation": 180,
            "alive": 9,
            "changed": 66
          }
        ]
      },
      {
        "id": "hat-edmond-b-periodic-emitter",
        "title": "Hat B recurring emitter — finite verification",
        "category": "Einstein-hat gliders and launchers",
        "tiling": "hat",
        "cells": 54289,
        "neighborhood": "touch",
        "rule": "TABLE:HAT-B",
        "generations": 4,
        "kind": "long-lived compact seed",
        "verifiedThrough": 180,
        "finalAlive": 109,
        "finalChanged": 244,
        "maximumAlive": 118,
        "totalChanged": 29218,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 62,
            "changed": 141
          },
          {
            "generation": 100,
            "alive": 70,
            "changed": 160
          },
          {
            "generation": 150,
            "alive": 100,
            "changed": 228
          },
          {
            "generation": 180,
            "alive": 109,
            "changed": 244
          }
        ]
      },
      {
        "id": "hat-edmond-b-glider",
        "title": "Hat glider B — Edmond rule",
        "category": "Einstein-hat gliders and launchers",
        "tiling": "hat",
        "cells": 54289,
        "neighborhood": "touch",
        "rule": "TABLE:HAT-B",
        "generations": 4,
        "kind": "long-lived compact seed",
        "verifiedThrough": 307,
        "finalAlive": 4,
        "finalChanged": 10,
        "maximumAlive": 12,
        "totalChanged": 3189,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 5,
            "changed": 11
          },
          {
            "generation": 100,
            "alive": 5,
            "changed": 11
          },
          {
            "generation": 150,
            "alive": 4,
            "changed": 10
          },
          {
            "generation": 200,
            "alive": 5,
            "changed": 11
          },
          {
            "generation": 250,
            "alive": 4,
            "changed": 9
          },
          {
            "generation": 300,
            "alive": 5,
            "changed": 10
          },
          {
            "generation": 307,
            "alive": 4,
            "changed": 10
          }
        ]
      },
      {
        "id": "hat-edmond-a-glider",
        "title": "Hat glider A — Edmond rule",
        "category": "Einstein-hat gliders and launchers",
        "tiling": "hat",
        "cells": 54289,
        "neighborhood": "touch",
        "rule": "TABLE:HAT-A",
        "generations": 4,
        "kind": "long-lived compact seed",
        "verifiedThrough": 307,
        "finalAlive": 2,
        "finalChanged": 11,
        "maximumAlive": 3,
        "totalChanged": 3490,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 1,
            "changed": 12
          },
          {
            "generation": 100,
            "alive": 1,
            "changed": 12
          },
          {
            "generation": 150,
            "alive": 1,
            "changed": 11
          },
          {
            "generation": 200,
            "alive": 1,
            "changed": 12
          },
          {
            "generation": 250,
            "alive": 1,
            "changed": 10
          },
          {
            "generation": 300,
            "alive": 1,
            "changed": 11
          },
          {
            "generation": 307,
            "alive": 2,
            "changed": 11
          }
        ]
      },
      {
        "id": "hat-edmond-c-glider",
        "title": "Hat glider C — Edmond rule",
        "category": "Einstein-hat gliders and launchers",
        "tiling": "hat",
        "cells": 54289,
        "neighborhood": "touch",
        "rule": "TABLE:HAT-C",
        "generations": 4,
        "kind": "long-lived compact seed",
        "verifiedThrough": 311,
        "finalAlive": 4,
        "finalChanged": 13,
        "maximumAlive": 14,
        "totalChanged": 3813,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 9,
            "changed": 13
          },
          {
            "generation": 100,
            "alive": 8,
            "changed": 15
          },
          {
            "generation": 150,
            "alive": 4,
            "changed": 12
          },
          {
            "generation": 200,
            "alive": 8,
            "changed": 13
          },
          {
            "generation": 250,
            "alive": 3,
            "changed": 11
          },
          {
            "generation": 300,
            "alive": 4,
            "changed": 11
          },
          {
            "generation": 311,
            "alive": 4,
            "changed": 13
          }
        ]
      },
      {
        "id": "hat-simple-glider",
        "title": "Hat glider — three-state variant",
        "category": "Einstein-hat gliders and launchers",
        "tiling": "hat",
        "cells": 54289,
        "neighborhood": "touch",
        "rule": "TABLE:HAT-SIMPLE",
        "generations": 3,
        "kind": "long-lived compact seed",
        "verifiedThrough": 307,
        "finalAlive": 4,
        "finalChanged": 10,
        "maximumAlive": 12,
        "totalChanged": 3189,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 5,
            "changed": 11
          },
          {
            "generation": 100,
            "alive": 5,
            "changed": 11
          },
          {
            "generation": 150,
            "alive": 4,
            "changed": 10
          },
          {
            "generation": 200,
            "alive": 5,
            "changed": 11
          },
          {
            "generation": 250,
            "alive": 4,
            "changed": 9
          },
          {
            "generation": 300,
            "alive": 5,
            "changed": 10
          },
          {
            "generation": 307,
            "alive": 4,
            "changed": 10
          }
        ]
      },
      {
        "id": "hat-edmond-c-triple-launcher",
        "title": "Hat triple launcher — two-cell seed",
        "category": "Einstein-hat gliders and launchers",
        "tiling": "hat",
        "cells": 54289,
        "neighborhood": "touch",
        "rule": "TABLE:HAT-C",
        "generations": 4,
        "kind": "long-lived compact seed",
        "verifiedThrough": 160,
        "finalAlive": 17,
        "finalChanged": 40,
        "maximumAlive": 29,
        "totalChanged": 5619,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 18,
            "changed": 39
          },
          {
            "generation": 100,
            "alive": 14,
            "changed": 33
          },
          {
            "generation": 150,
            "alive": 15,
            "changed": 38
          },
          {
            "generation": 160,
            "alive": 17,
            "changed": 40
          }
        ]
      },
      {
        "id": "penrose-b2-c6-twelve-launcher",
        "title": "Penrose twelve-traveller launcher",
        "category": "Aperiodic travelling dynamics",
        "tiling": "penrose",
        "cells": 54560,
        "neighborhood": "touch",
        "rule": "B2/S",
        "generations": 6,
        "kind": "long-lived compact seed",
        "verifiedThrough": 130,
        "finalAlive": 34,
        "finalChanged": 230,
        "maximumAlive": 103,
        "totalChanged": 37338,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 66,
            "changed": 480
          },
          {
            "generation": 100,
            "alive": 36,
            "changed": 230
          },
          {
            "generation": 130,
            "alive": 34,
            "changed": 230
          }
        ]
      },
      {
        "id": "hex-b245s02-c5-p6-puffer",
        "title": "Hexagonal p6 single-cell-trail puffer",
        "category": "Hexagonal guns, puffers and replication",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B245/S02",
        "generations": 5,
        "kind": "long-lived compact seed",
        "verifiedThrough": 120,
        "finalAlive": 30,
        "finalChanged": 28,
        "maximumAlive": 34,
        "totalChanged": 2820,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 19,
            "changed": 21
          },
          {
            "generation": 100,
            "alive": 27,
            "changed": 20
          },
          {
            "generation": 120,
            "alive": 30,
            "changed": 28
          }
        ]
      },
      {
        "id": "hex-b245s02-c5-three-cell-twin-puffer-launcher",
        "title": "Hexagonal three-cell twin-puffer launcher",
        "category": "Hexagonal guns, puffers and replication",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B245/S02",
        "generations": 5,
        "kind": "long-lived compact seed",
        "verifiedThrough": 120,
        "finalAlive": 54,
        "finalChanged": 56,
        "maximumAlive": 62,
        "totalChanged": 5325,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 32,
            "changed": 42
          },
          {
            "generation": 100,
            "alive": 48,
            "changed": 40
          },
          {
            "generation": 120,
            "alive": 54,
            "changed": 56
          }
        ]
      },
      {
        "id": "hex-b2345s24-c4-p48-traveller",
        "title": "Hexagonal p48 long-cycle spaceship",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 111169,
        "neighborhood": "edge",
        "rule": "B2345/S24",
        "generations": 4,
        "kind": "spaceship benchmark",
        "steps": 48,
        "translation": [
          -32,
          16
        ],
        "liveCells": 10,
        "phasePopulations": [
          10,
          16,
          22,
          23,
          23,
          22,
          18,
          21,
          21,
          22,
          19,
          14,
          12,
          16,
          20,
          19,
          20,
          18,
          12,
          13,
          14,
          13,
          12,
          10,
          10,
          16,
          22,
          23,
          23,
          22,
          18,
          21,
          21,
          22,
          19,
          14,
          12,
          16,
          20,
          19,
          20,
          18,
          12,
          13,
          14,
          13,
          12,
          10,
          10
        ],
        "ruleClauseActivity": []
      },
      {
        "id": "hex-b2s0-c3-three-cell-glider",
        "title": "Hexagonal three-cell glider",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B2/S0",
        "generations": 3,
        "kind": "compact finite traveller",
        "verifiedThrough": 120,
        "initialActive": 3,
        "finalActive": 3,
        "minimumActive": 3,
        "maximumActive": 5,
        "minimumLive": 2,
        "maximumLive": 3,
        "maximumRadius": 1.7320526123046847,
        "minimumBoundaryDistance": 68,
        "displacement": 103.92304787854873,
        "directionality": 0.9999999999999314,
        "maximumSupportComponents": 1,
        "disconnectedGenerations": [],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 180,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 0,
            "count": 120,
            "lastToGeneration": 120
          }
        ],
        "translatedReturn": {
          "fromGeneration": 1,
          "toGeneration": 3,
          "dx": -0.8660253882408142,
          "dy": -1.5,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          1531259721,
          1540034580
        ]
      },
      {
        "id": "hex-b234s1346-c3-four-cell-launcher",
        "title": "Hexagonal four-cell diagonal launcher",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B234/S1346",
        "generations": 3,
        "kind": "compact finite traveller",
        "verifiedThrough": 120,
        "initialActive": 4,
        "finalActive": 12,
        "minimumActive": 4,
        "maximumActive": 27,
        "minimumLive": 4,
        "maximumLive": 19,
        "maximumRadius": 8.222222994802255,
        "minimumBoundaryDistance": 97,
        "displacement": 43.125543395699445,
        "directionality": 0.6407225482480411,
        "maximumSupportComponents": 5,
        "disconnectedGenerations": [
          2,
          5,
          6,
          13,
          15,
          16,
          21,
          23,
          24,
          29,
          31,
          32,
          37,
          39,
          40,
          45,
          47,
          48,
          53,
          55,
          56,
          61,
          63,
          64,
          69,
          71,
          72,
          77,
          79,
          80,
          85,
          87,
          88,
          93,
          95,
          96,
          101,
          103,
          104,
          109,
          111,
          112,
          117,
          119,
          120
        ],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 595,
            "lastToGeneration": 120
          },
          {
            "kind": "birth",
            "liveNeighbors": 3,
            "count": 171,
            "lastToGeneration": 119
          },
          {
            "kind": "birth",
            "liveNeighbors": 4,
            "count": 57,
            "lastToGeneration": 116
          },
          {
            "kind": "survival",
            "liveNeighbors": 1,
            "count": 125,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 3,
            "count": 369,
            "lastToGeneration": 119
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 297,
            "lastToGeneration": 118
          },
          {
            "kind": "survival",
            "liveNeighbors": 6,
            "count": 28,
            "lastToGeneration": 117
          }
        ],
        "translatedReturn": {
          "fromGeneration": 9,
          "toGeneration": 17,
          "dx": 2.5980762243270874,
          "dy": 1.5,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          2862079887,
          2583090950
        ]
      },
      {
        "id": "hex-b2456s1345-c4-five-cell-launcher",
        "title": "Hexagonal five-cell p43 launcher",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B2456/S1345",
        "generations": 4,
        "kind": "compact finite traveller",
        "verifiedThrough": 178,
        "initialActive": 5,
        "finalActive": 18,
        "minimumActive": 5,
        "maximumActive": 48,
        "minimumLive": 5,
        "maximumLive": 32,
        "maximumRadius": 13.954066890225311,
        "minimumBoundaryDistance": 102,
        "displacement": 38.83371945158784,
        "directionality": 0.3660976433211357,
        "maximumSupportComponents": 6,
        "disconnectedGenerations": [
          3,
          4,
          5,
          6,
          11,
          12,
          13,
          17,
          25,
          27,
          29,
          30,
          31,
          33,
          35,
          39,
          40,
          41,
          42,
          43,
          44,
          45,
          46,
          49,
          54,
          55,
          56,
          60,
          68,
          70,
          72,
          73,
          74,
          76,
          78,
          82,
          83,
          84,
          85,
          86,
          87,
          88,
          89,
          92,
          97,
          98,
          99,
          103,
          111,
          113,
          115,
          116,
          117,
          119,
          121,
          125,
          126,
          127,
          128,
          129,
          130,
          131,
          132,
          135,
          140,
          141,
          142,
          146,
          154,
          156,
          158,
          159,
          160,
          162,
          164,
          168,
          169,
          170,
          171,
          172,
          173,
          174,
          175,
          178
        ],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 880,
            "lastToGeneration": 178
          },
          {
            "kind": "birth",
            "liveNeighbors": 4,
            "count": 84,
            "lastToGeneration": 172
          },
          {
            "kind": "birth",
            "liveNeighbors": 5,
            "count": 16,
            "lastToGeneration": 163
          },
          {
            "kind": "birth",
            "liveNeighbors": 6,
            "count": 16,
            "lastToGeneration": 167
          },
          {
            "kind": "survival",
            "liveNeighbors": 1,
            "count": 540,
            "lastToGeneration": 178
          },
          {
            "kind": "survival",
            "liveNeighbors": 3,
            "count": 632,
            "lastToGeneration": 178
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 392,
            "lastToGeneration": 170
          },
          {
            "kind": "survival",
            "liveNeighbors": 5,
            "count": 136,
            "lastToGeneration": 168
          }
        ],
        "translatedReturn": {
          "fromGeneration": 6,
          "toGeneration": 49,
          "dx": -7.794228623310725,
          "dy": 4.5,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          3522641762,
          4221220525
        ]
      },
      {
        "id": "hex-b23s13-c4-p9-knightship-launcher",
        "title": "Hexagonal six-cell p9 knightship launcher",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B23/S13",
        "generations": 4,
        "kind": "compact finite traveller",
        "verifiedThrough": 120,
        "initialActive": 6,
        "finalActive": 33,
        "minimumActive": 6,
        "maximumActive": 33,
        "minimumLive": 6,
        "maximumLive": 15,
        "maximumRadius": 11.287656967300038,
        "minimumBoundaryDistance": 61,
        "displacement": 101.30644866270606,
        "directionality": 0.8110392960261487,
        "maximumSupportComponents": 4,
        "disconnectedGenerations": [
          3,
          4,
          5,
          7,
          8,
          9,
          10,
          12,
          13,
          15,
          16,
          19,
          21,
          22,
          23,
          24,
          25,
          28,
          30,
          31,
          32,
          33,
          34,
          37,
          39,
          40,
          41,
          42,
          43,
          46,
          48,
          49,
          50,
          51,
          52,
          55,
          57,
          58,
          59,
          60,
          61,
          64,
          66,
          67,
          68,
          69,
          70,
          73,
          75,
          76,
          77,
          78,
          79,
          82,
          84,
          85,
          86,
          87,
          88,
          91,
          93,
          94,
          95,
          96,
          97,
          100,
          102,
          103,
          104,
          105,
          106,
          109,
          111,
          112,
          113,
          114,
          115,
          118,
          120
        ],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 581,
            "lastToGeneration": 120
          },
          {
            "kind": "birth",
            "liveNeighbors": 3,
            "count": 179,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 1,
            "count": 334,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 3,
            "count": 208,
            "lastToGeneration": 120
          }
        ],
        "translatedReturn": {
          "fromGeneration": 16,
          "toGeneration": 25,
          "dx": 5.1961523691813145,
          "dy": -6,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          884841413,
          1339690346
        ]
      },
      {
        "id": "hex-b234s245-c5-p10-knightship-launcher",
        "title": "Hexagonal six-cell p10 knightship launcher",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B234/S245",
        "generations": 5,
        "kind": "compact finite traveller",
        "verifiedThrough": 120,
        "initialActive": 6,
        "finalActive": 27,
        "minimumActive": 6,
        "maximumActive": 58,
        "minimumLive": 6,
        "maximumLive": 24,
        "maximumRadius": 12.704769881350133,
        "minimumBoundaryDistance": 85,
        "displacement": 54.116310871278664,
        "directionality": 0.4258008596491944,
        "maximumSupportComponents": 6,
        "disconnectedGenerations": [
          7,
          8,
          9,
          10,
          11,
          15,
          16,
          17,
          18,
          19,
          25,
          26,
          27,
          28,
          29,
          35,
          36,
          37,
          38,
          39,
          45,
          46,
          47,
          48,
          49,
          55,
          56,
          57,
          58,
          59,
          65,
          66,
          67,
          68,
          69,
          75,
          76,
          77,
          78,
          79,
          85,
          86,
          87,
          88,
          89,
          95,
          96,
          97,
          98,
          99,
          105,
          106,
          107,
          108,
          109,
          115,
          116,
          117,
          118,
          119
        ],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 722,
            "lastToGeneration": 120
          },
          {
            "kind": "birth",
            "liveNeighbors": 3,
            "count": 246,
            "lastToGeneration": 120
          },
          {
            "kind": "birth",
            "liveNeighbors": 4,
            "count": 11,
            "lastToGeneration": 111
          },
          {
            "kind": "survival",
            "liveNeighbors": 2,
            "count": 629,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 95,
            "lastToGeneration": 120
          },
          {
            "kind": "survival",
            "liveNeighbors": 5,
            "count": 4,
            "lastToGeneration": 3
          }
        ],
        "translatedReturn": {
          "fromGeneration": 12,
          "toGeneration": 22,
          "dx": 3.464101642370224,
          "dy": 3,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          4282980425,
          1911281688
        ]
      },
      {
        "id": "penrose-b2-c5-five-launcher",
        "title": "Penrose five-traveller launcher",
        "category": "Aperiodic travelling dynamics",
        "tiling": "penrose",
        "cells": 143010,
        "neighborhood": "touch",
        "rule": "B2/S",
        "generations": 5,
        "kind": "long-lived compact seed",
        "verifiedThrough": 240,
        "finalAlive": 18,
        "finalChanged": 82,
        "maximumAlive": 77,
        "totalChanged": 31493,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 51,
            "changed": 255
          },
          {
            "generation": 100,
            "alive": 22,
            "changed": 127
          },
          {
            "generation": 150,
            "alive": 16,
            "changed": 78
          },
          {
            "generation": 200,
            "alive": 15,
            "changed": 80
          },
          {
            "generation": 240,
            "alive": 18,
            "changed": 82
          }
        ]
      },
      {
        "id": "penrose-b2-c6-six-launcher",
        "title": "Penrose six-traveller launcher",
        "category": "Aperiodic travelling dynamics",
        "tiling": "penrose",
        "cells": 143010,
        "neighborhood": "touch",
        "rule": "B2/S",
        "generations": 6,
        "kind": "long-lived compact seed",
        "verifiedThrough": 200,
        "finalAlive": 19,
        "finalChanged": 110,
        "maximumAlive": 82,
        "totalChanged": 27878,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 27,
            "changed": 178
          },
          {
            "generation": 100,
            "alive": 21,
            "changed": 114
          },
          {
            "generation": 150,
            "alive": 23,
            "changed": 119
          },
          {
            "generation": 200,
            "alive": 19,
            "changed": 110
          }
        ]
      },
      {
        "id": "square-block",
        "title": "Block still life",
        "category": "Classic square Life",
        "tiling": "square",
        "cells": 2601,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "still life",
        "transient": 0,
        "exactPeriod": 1,
        "minimumAlive": 4,
        "maximumAlive": 4,
        "supportCells": 4,
        "minimumBoundaryDistance": 24,
        "center": [
          -0.5,
          -0.5
        ],
        "radius": 0.7071067811865476
      },
      {
        "id": "square-blinker",
        "title": "Blinker — period 2",
        "category": "Classic square Life",
        "tiling": "square",
        "cells": 2601,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 2,
        "minimumAlive": 3,
        "maximumAlive": 3,
        "supportCells": 5,
        "minimumBoundaryDistance": 24,
        "center": [
          0,
          0
        ],
        "radius": 1
      },
      {
        "id": "square-pulsar",
        "title": "Pulsar — period 3",
        "category": "Classic square Life",
        "tiling": "square",
        "cells": 2601,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 3,
        "minimumAlive": 48,
        "maximumAlive": 72,
        "supportCells": 88,
        "minimumBoundaryDistance": 18,
        "center": [
          0,
          0
        ],
        "radius": 7.615773105863909
      },
      {
        "id": "square-pentadecathlon",
        "title": "Pentadecathlon — period 15",
        "category": "Classic square Life",
        "tiling": "square",
        "cells": 2601,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 15,
        "minimumAlive": 12,
        "maximumAlive": 40,
        "supportCells": 80,
        "minimumBoundaryDistance": 17,
        "center": [
          -0.5,
          0
        ],
        "radius": 7.5
      },
      {
        "id": "square-glider",
        "title": "Glider — diagonal spaceship",
        "category": "Classic square Life",
        "tiling": "square",
        "cells": 2601,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "spaceship benchmark",
        "steps": 4,
        "translation": [
          1,
          1
        ],
        "liveCells": 5,
        "phasePopulations": [
          5,
          5,
          5,
          5,
          5
        ],
        "ruleClauseActivity": []
      },
      {
        "id": "square-lwss",
        "title": "Lightweight spaceship",
        "category": "Classic square Life",
        "tiling": "square",
        "cells": 2601,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "spaceship benchmark",
        "steps": 4,
        "translation": [
          -2,
          0
        ],
        "liveCells": 9,
        "phasePopulations": [
          9,
          12,
          9,
          12,
          9
        ],
        "ruleClauseActivity": []
      },
      {
        "id": "square-highlife-replicator",
        "title": "HighLife replicator",
        "category": "Classic square Life",
        "tiling": "square",
        "cells": 10201,
        "neighborhood": "touch",
        "rule": "B36/S23",
        "generations": 2,
        "kind": "replicator benchmark",
        "steps": 12,
        "translations": [
          [
            -2,
            -2
          ],
          [
            2,
            2
          ]
        ],
        "initialLiveCells": 12,
        "resultingLiveCells": 24
      },
      {
        "id": "square-diehard",
        "title": "Diehard — extinction at 130",
        "category": "Classic square Life",
        "tiling": "square",
        "cells": 10201,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "compact extinction transient",
        "extinctionGeneration": 130,
        "maximumAlive": 40,
        "totalChanged": 2261
      },
      {
        "id": "square-r-pentomino",
        "title": "R-pentomino methuselah",
        "category": "Classic square Life",
        "tiling": "square",
        "cells": 90601,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "long-lived compact seed",
        "verifiedThrough": 1103,
        "finalAlive": 111,
        "finalChanged": 26,
        "maximumAlive": 314,
        "totalChanged": 117714,
        "checkpoints": [
          {
            "generation": 250,
            "alive": 144,
            "changed": 112
          },
          {
            "generation": 500,
            "alive": 174,
            "changed": 107
          },
          {
            "generation": 750,
            "alive": 189,
            "changed": 100
          },
          {
            "generation": 1000,
            "alive": 151,
            "changed": 72
          },
          {
            "generation": 1103,
            "alive": 111,
            "changed": 26
          }
        ]
      },
      {
        "id": "square-acorn",
        "title": "Acorn methuselah",
        "category": "Classic square Life",
        "tiling": "square",
        "cells": 90601,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "long-lived compact seed",
        "verifiedThrough": 5206,
        "finalAlive": 620,
        "finalChanged": 170,
        "maximumAlive": 1045,
        "totalChanged": 1409389,
        "checkpoints": [
          {
            "generation": 250,
            "alive": 149,
            "changed": 119
          },
          {
            "generation": 500,
            "alive": 276,
            "changed": 180
          },
          {
            "generation": 750,
            "alive": 295,
            "changed": 181
          },
          {
            "generation": 1000,
            "alive": 455,
            "changed": 275
          },
          {
            "generation": 1250,
            "alive": 308,
            "changed": 176
          },
          {
            "generation": 1500,
            "alive": 388,
            "changed": 188
          },
          {
            "generation": 1750,
            "alive": 379,
            "changed": 195
          },
          {
            "generation": 2000,
            "alive": 388,
            "changed": 214
          },
          {
            "generation": 2250,
            "alive": 400,
            "changed": 195
          },
          {
            "generation": 2500,
            "alive": 391,
            "changed": 178
          },
          {
            "generation": 2750,
            "alive": 495,
            "changed": 284
          },
          {
            "generation": 3000,
            "alive": 556,
            "changed": 311
          },
          {
            "generation": 3250,
            "alive": 578,
            "changed": 247
          },
          {
            "generation": 3500,
            "alive": 669,
            "changed": 376
          },
          {
            "generation": 3750,
            "alive": 635,
            "changed": 338
          },
          {
            "generation": 4000,
            "alive": 824,
            "changed": 498
          },
          {
            "generation": 4250,
            "alive": 796,
            "changed": 336
          },
          {
            "generation": 4500,
            "alive": 757,
            "changed": 362
          },
          {
            "generation": 4750,
            "alive": 702,
            "changed": 231
          },
          {
            "generation": 5000,
            "alive": 791,
            "changed": 317
          },
          {
            "generation": 5206,
            "alive": 620,
            "changed": 170
          }
        ]
      },
      {
        "id": "hex-conway-p2",
        "title": "Hexagonal Conway p2",
        "category": "Hexagonal benchmarks",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 2,
        "minimumAlive": 4,
        "maximumAlive": 4,
        "supportCells": 7,
        "minimumBoundaryDistance": 31,
        "center": [
          0,
          0
        ],
        "radius": 1.732050799797065
      },
      {
        "id": "hex-conway-p3",
        "title": "Hexagonal Conway p3",
        "category": "Hexagonal benchmarks",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 3,
        "minimumAlive": 19,
        "maximumAlive": 21,
        "supportCells": 21,
        "minimumBoundaryDistance": 24,
        "center": [
          6.103417098522186,
          3.142857142857143
        ],
        "radius": 6.865074748241358
      },
      {
        "id": "hex-conway-p6",
        "title": "Hexagonal Conway p6",
        "category": "Hexagonal benchmarks",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 6,
        "minimumAlive": 19,
        "maximumAlive": 23,
        "supportCells": 25,
        "minimumBoundaryDistance": 23,
        "center": [
          1.2124355602264405,
          -6.06
        ],
        "radius": 8.066821022268385
      },
      {
        "id": "hex-b2s35-p5-traveller",
        "title": "Hexagonal B2/S35 p5 traveller",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 12481,
        "neighborhood": "edge",
        "rule": "B2/S35",
        "generations": 2,
        "kind": "spaceship benchmark",
        "steps": 5,
        "translation": [
          1,
          0
        ],
        "liveCells": 12,
        "phasePopulations": [
          12,
          17,
          13,
          10,
          18,
          12
        ],
        "ruleClauseActivity": []
      },
      {
        "id": "hex-b245s3-p10-traveller",
        "title": "Hexagonal B245/S3 p10 traveller",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 12481,
        "neighborhood": "edge",
        "rule": "B245/S3",
        "generations": 2,
        "kind": "spaceship benchmark",
        "steps": 10,
        "translation": [
          2,
          0
        ],
        "liveCells": 9,
        "phasePopulations": [
          9,
          13,
          17,
          18,
          16,
          17,
          15,
          16,
          15,
          11,
          9
        ],
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 90,
            "lastToGeneration": 10
          },
          {
            "kind": "birth",
            "liveNeighbors": 4,
            "count": 32,
            "lastToGeneration": 10
          },
          {
            "kind": "birth",
            "liveNeighbors": 5,
            "count": 3,
            "lastToGeneration": 4
          },
          {
            "kind": "survival",
            "liveNeighbors": 3,
            "count": 22,
            "lastToGeneration": 6
          }
        ]
      },
      {
        "id": "hex-b235s146-c4-launcher-traveller",
        "title": "Hexagonal B235/S146 four-state launcher",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B235/S146",
        "generations": 4,
        "kind": "compact finite traveller",
        "verifiedThrough": 200,
        "initialActive": 12,
        "finalActive": 21,
        "minimumActive": 12,
        "maximumActive": 53,
        "minimumLive": 6,
        "maximumLive": 26,
        "maximumRadius": 21.991562388345375,
        "minimumBoundaryDistance": 28,
        "displacement": 168.8337162463438,
        "directionality": 0.9574962832724487,
        "maximumSupportComponents": 9,
        "disconnectedGenerations": [
          0,
          5,
          6,
          7,
          8,
          10,
          11,
          12,
          13,
          14,
          15,
          16,
          17,
          18,
          19,
          20,
          23,
          25,
          30,
          33,
          35,
          40,
          43,
          45,
          50,
          53,
          55,
          60,
          63,
          65,
          70,
          73,
          75,
          80,
          83,
          85,
          90,
          93,
          95,
          100,
          103,
          105,
          110,
          113,
          115,
          120,
          123,
          125,
          130,
          133,
          135,
          140,
          143,
          145,
          150,
          153,
          155,
          160,
          163,
          165,
          170,
          173,
          175,
          180,
          183,
          185,
          190,
          193,
          195,
          200
        ],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 871,
            "lastToGeneration": 200
          },
          {
            "kind": "birth",
            "liveNeighbors": 3,
            "count": 370,
            "lastToGeneration": 200
          },
          {
            "kind": "birth",
            "liveNeighbors": 5,
            "count": 2,
            "lastToGeneration": 2
          },
          {
            "kind": "survival",
            "liveNeighbors": 1,
            "count": 727,
            "lastToGeneration": 200
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 17,
            "lastToGeneration": 10
          },
          {
            "kind": "survival",
            "liveNeighbors": 6,
            "count": 2,
            "lastToGeneration": 2
          }
        ],
        "translatedReturn": {
          "fromGeneration": 21,
          "toGeneration": 31,
          "dx": -8.660254041353861,
          "dy": 0,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          2599405182,
          2572184891
        ]
      },
      {
        "id": "hex-b235s134-c5-launcher-traveller",
        "title": "Hexagonal B235/S134 five-state launcher",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B235/S134",
        "generations": 5,
        "kind": "compact finite traveller",
        "verifiedThrough": 200,
        "initialActive": 12,
        "finalActive": 9,
        "minimumActive": 8,
        "maximumActive": 94,
        "minimumLive": 3,
        "maximumLive": 45,
        "maximumRadius": 17.35987288166176,
        "minimumBoundaryDistance": 50,
        "displacement": 132.4056600034237,
        "directionality": 0.807384263912178,
        "maximumSupportComponents": 10,
        "disconnectedGenerations": [
          0,
          7,
          8,
          9,
          10,
          11,
          12,
          13,
          14,
          22,
          23,
          24,
          25,
          26,
          27,
          28,
          29,
          30,
          34,
          35,
          36,
          37,
          40,
          41,
          42,
          43,
          44,
          48,
          49,
          50,
          53,
          54,
          55,
          56,
          57,
          61,
          65,
          69,
          73,
          77,
          81,
          85,
          89,
          93,
          97,
          101,
          105,
          109,
          113,
          117,
          121,
          125,
          129,
          133,
          137,
          141,
          145,
          149,
          153,
          157,
          161,
          165,
          169,
          173,
          177,
          181,
          185,
          189,
          193,
          197
        ],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 465,
            "lastToGeneration": 199
          },
          {
            "kind": "birth",
            "liveNeighbors": 3,
            "count": 168,
            "lastToGeneration": 200
          },
          {
            "kind": "birth",
            "liveNeighbors": 5,
            "count": 7,
            "lastToGeneration": 32
          },
          {
            "kind": "survival",
            "liveNeighbors": 1,
            "count": 475,
            "lastToGeneration": 200
          },
          {
            "kind": "survival",
            "liveNeighbors": 3,
            "count": 402,
            "lastToGeneration": 200
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 123,
            "lastToGeneration": 197
          }
        ],
        "translatedReturn": {
          "fromGeneration": 58,
          "toGeneration": 62,
          "dx": 3.4641016125679016,
          "dy": 0,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          727694774,
          2253692016
        ]
      },
      {
        "id": "penrose-edge-b23s23-p822",
        "title": "Penrose compact oscillator — period 822",
        "category": "Penrose oscillators",
        "tiling": "penrose",
        "cells": 7920,
        "neighborhood": "edge",
        "rule": "B23/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 822,
        "minimumAlive": 19,
        "maximumAlive": 37,
        "supportCells": 46,
        "minimumBoundaryDistance": 40,
        "center": [
          -3.6306755251210667,
          -8.211007553598154
        ],
        "radius": 4.085264256358358
      },
      {
        "id": "penrose-conway-c3-p14",
        "title": "Penrose three-state oscillator — period 14",
        "category": "Penrose oscillators",
        "tiling": "penrose",
        "cells": 7920,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 3,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 14,
        "minimumAlive": 4,
        "maximumAlive": 8,
        "supportCells": 27,
        "minimumBoundaryDistance": 16,
        "center": [
          -0.35957698468808774,
          17.44935643231427
        ],
        "radius": 2.8312561814505024
      },
      {
        "id": "hat-b2s1-c3-rotor-p39",
        "title": "Hat rotating wave — period 39",
        "category": "Einstein-hat rotating waves and clocks",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "edge",
        "rule": "B2/S1",
        "generations": 3,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 39,
        "minimumAlive": 3,
        "maximumAlive": 8,
        "supportCells": 39,
        "minimumBoundaryDistance": 22,
        "center": [
          13.49999990218725,
          18.18653351221329
        ],
        "radius": 7.3206363044856575
      },
      {
        "id": "hat-b2s23-c6-rotor-p219",
        "title": "Hat rotating wave — period 219",
        "category": "Einstein-hat rotating waves and clocks",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "edge",
        "rule": "B2/S23",
        "generations": 6,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 219,
        "minimumAlive": 4,
        "maximumAlive": 36,
        "supportCells": 300,
        "minimumBoundaryDistance": 21,
        "center": [
          15.500000015050173,
          4.330127014021079
        ],
        "radius": 19.931984878140135
      },
      {
        "id": "hat-b2s13-c4-clock-p11",
        "title": "Hat eight-tile refractory clock — period 11",
        "category": "Einstein-hat rotating waves and clocks",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "edge",
        "rule": "B2/S13",
        "generations": 4,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 11,
        "minimumAlive": 2,
        "maximumAlive": 6,
        "supportCells": 8,
        "minimumBoundaryDistance": 33,
        "center": [
          6.3173075914382935,
          3.4641015380620956
        ],
        "radius": 3.1662657070952087
      },
      {
        "id": "hat-directional-transient-83",
        "title": "Hat directional transient — extinction 83",
        "category": "Einstein-hat transients",
        "tiling": "hat",
        "cells": 54289,
        "neighborhood": "touch",
        "rule": "B2/S1",
        "generations": 10,
        "kind": "compact extinction transient",
        "extinctionGeneration": 83,
        "maximumAlive": 16,
        "totalChanged": 3484
      },
      {
        "id": "hex-conway-p4",
        "title": "Hexagonal Conway p4 half-turn rotor",
        "category": "Hexagonal oscillators and rotors",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 4,
        "minimumAlive": 14,
        "maximumAlive": 15,
        "supportCells": 16,
        "minimumBoundaryDistance": 26,
        "center": [
          1.7320507615804672,
          1.5
        ],
        "radius": 6.873863483198725
      },
      {
        "id": "hex-conway-p5",
        "title": "Hexagonal Conway p5",
        "category": "Hexagonal oscillators and rotors",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 5,
        "minimumAlive": 14,
        "maximumAlive": 16,
        "supportCells": 19,
        "minimumBoundaryDistance": 27,
        "center": [
          0.31906198200426605,
          1.0263157894736843
        ],
        "radius": 7.1669833895946615
      },
      {
        "id": "hex-conway-p8",
        "title": "Hexagonal Conway p8",
        "category": "Hexagonal oscillators and rotors",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 8,
        "minimumAlive": 22,
        "maximumAlive": 25,
        "supportCells": 27,
        "minimumBoundaryDistance": 27,
        "center": [
          0.8981003959973654,
          0.6666666666666666
        ],
        "radius": 7.228487256189655
      },
      {
        "id": "hex-b34s234-p269",
        "title": "Hexagonal p269 clock",
        "category": "Hexagonal oscillators and rotors",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B34/S234",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 269,
        "minimumAlive": 25,
        "maximumAlive": 50,
        "supportCells": 53,
        "minimumBoundaryDistance": 27,
        "center": [
          1.5849898614973392,
          1.2735849056603774
        ],
        "radius": 8.588181137022278
      },
      {
        "id": "hex-b245s35-p25-traveller",
        "title": "Hexagonal p25 diagonal spaceship",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B245/S35",
        "generations": 2,
        "kind": "spaceship benchmark",
        "steps": 25,
        "translation": [
          1,
          1
        ],
        "liveCells": 9,
        "phasePopulations": [
          9,
          12,
          18,
          17,
          20,
          22,
          23,
          24,
          23,
          14,
          17,
          18,
          15,
          21,
          15,
          14,
          13,
          16,
          13,
          12,
          10,
          11,
          13,
          10,
          11,
          9
        ],
        "ruleClauseActivity": []
      },
      {
        "id": "hex-b2s34-p48-rotor",
        "title": "Hexagonal p48 half-turn rotor",
        "category": "Hexagonal oscillators and rotors",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B2/S34",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 48,
        "minimumAlive": 6,
        "maximumAlive": 16,
        "supportCells": 78,
        "minimumBoundaryDistance": 25,
        "center": [
          3.0310888985792794,
          -0.75
        ],
        "radius": 8.26135593109471
      },
      {
        "id": "hex-b245s3-p57-pulsator",
        "title": "Hexagonal p57 pulsator",
        "category": "Hexagonal oscillators and rotors",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B245/S3",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 57,
        "minimumAlive": 9,
        "maximumAlive": 99,
        "supportCells": 231,
        "minimumBoundaryDistance": 20,
        "center": [
          1.7320508015104186,
          1
        ],
        "radius": 16.093477274598847
      },
      {
        "id": "hex-b24s3-p128-rotor",
        "title": "Hexagonal p128 half-turn rotor",
        "category": "Hexagonal oscillators and rotors",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B24/S3",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 128,
        "minimumAlive": 9,
        "maximumAlive": 34,
        "supportCells": 118,
        "minimumBoundaryDistance": 24,
        "center": [
          -1.299038100040565,
          -0.75
        ],
        "radius": 11.05667249084601
      },
      {
        "id": "hex-b234s3-p4104",
        "title": "Hexagonal p4104 long clock",
        "category": "Hexagonal oscillators and rotors",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B234/S3",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 4104,
        "minimumAlive": 12,
        "maximumAlive": 36,
        "supportCells": 50,
        "minimumBoundaryDistance": 28,
        "center": [
          -0.9872689461708068,
          -0.57
        ],
        "radius": 7.0213673712511495
      },
      {
        "id": "hex-b2s3456-c7-p372-rotor",
        "title": "Hexagonal p372 sixfold rotor",
        "category": "Hexagonal oscillators and rotors",
        "tiling": "hex",
        "cells": 3169,
        "neighborhood": "edge",
        "rule": "B2/S3456",
        "generations": 7,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 372,
        "minimumAlive": 7,
        "maximumAlive": 13,
        "supportCells": 37,
        "minimumBoundaryDistance": 28,
        "center": [
          1.7320507925909918,
          0
        ],
        "radius": 5.1961525403481295
      },
      {
        "id": "hex-b24s16-c3-p248-breather",
        "title": "Hexagonal p248 giant breather",
        "category": "Hexagonal oscillators and rotors",
        "tiling": "hex",
        "cells": 12481,
        "neighborhood": "edge",
        "rule": "B24/S16",
        "generations": 3,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 248,
        "minimumAlive": 9,
        "maximumAlive": 124,
        "supportCells": 1281,
        "minimumBoundaryDistance": 31,
        "center": [
          -7.794228651344916,
          -4.5
        ],
        "radius": 42.532341675868715
      },
      {
        "id": "hex-b23s13-c5-p138-traveller",
        "title": "Hexagonal p138 wandering spaceship",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B23/S13",
        "generations": 5,
        "kind": "spaceship benchmark",
        "steps": 138,
        "translation": [
          0,
          -8
        ],
        "liveCells": 12,
        "phasePopulations": [
          12,
          14,
          16,
          18,
          20,
          19,
          26,
          28,
          24,
          22,
          21,
          20,
          19,
          23,
          25,
          19,
          17,
          15,
          14,
          18,
          17,
          17,
          23,
          21,
          20,
          21,
          19,
          17,
          18,
          19,
          16,
          16,
          11,
          14,
          18,
          16,
          16,
          18,
          18,
          19,
          21,
          22,
          28,
          36,
          39,
          36,
          36,
          40,
          35,
          28,
          25,
          26,
          29,
          22,
          21,
          28,
          24,
          25,
          27,
          19,
          17,
          24,
          29,
          17,
          11,
          14,
          13,
          9,
          10,
          12,
          14,
          16,
          18,
          20,
          19,
          26,
          28,
          24,
          22,
          21,
          20,
          19,
          23,
          25,
          19,
          17,
          15,
          14,
          18,
          17,
          17,
          23,
          21,
          20,
          21,
          19,
          17,
          18,
          19,
          16,
          16,
          11,
          14,
          18,
          16,
          16,
          18,
          18,
          19,
          21,
          22,
          28,
          36,
          39,
          36,
          36,
          40,
          35,
          28,
          25,
          26,
          29,
          22,
          21,
          28,
          24,
          25,
          27,
          19,
          17,
          24,
          29,
          17,
          11,
          14,
          13,
          9,
          10,
          12
        ],
        "ruleClauseActivity": []
      },
      {
        "id": "hex-b234s13-c4-p23-traveller",
        "title": "Hexagonal p23 fast spaceship",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B234/S13",
        "generations": 4,
        "kind": "spaceship benchmark",
        "steps": 23,
        "translation": [
          10,
          -5
        ],
        "liveCells": 17,
        "phasePopulations": [
          17,
          16,
          21,
          18,
          19,
          18,
          15,
          16,
          18,
          18,
          21,
          22,
          18,
          15,
          18,
          26,
          26,
          30,
          18,
          20,
          16,
          16,
          18,
          17
        ],
        "ruleClauseActivity": []
      },
      {
        "id": "hex-b246s246-c4-p30-gun",
        "title": "Hexagonal three-way spaceship gun",
        "category": "Hexagonal guns, puffers and replication",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B246/S246",
        "generations": 4,
        "kind": "long-lived compact seed",
        "verifiedThrough": 120,
        "finalAlive": 60,
        "finalChanged": 84,
        "maximumAlive": 96,
        "totalChanged": 9372,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 42,
            "changed": 105
          },
          {
            "generation": 100,
            "alive": 63,
            "changed": 111
          },
          {
            "generation": 120,
            "alive": 60,
            "changed": 84
          }
        ]
      },
      {
        "id": "hex-b25s34-p20-puffer",
        "title": "Hexagonal oscillator-trail puffer",
        "category": "Hexagonal guns, puffers and replication",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B25/S34",
        "generations": 2,
        "kind": "long-lived compact seed",
        "verifiedThrough": 160,
        "finalAlive": 55,
        "finalChanged": 102,
        "maximumAlive": 59,
        "totalChanged": 11200,
        "checkpoints": [
          {
            "generation": 50,
            "alive": 34,
            "changed": 56
          },
          {
            "generation": 100,
            "alive": 43,
            "changed": 78
          },
          {
            "generation": 150,
            "alive": 54,
            "changed": 96
          },
          {
            "generation": 160,
            "alive": 55,
            "changed": 102
          }
        ]
      },
      {
        "id": "hex-b2s1-c3-p999-rotor",
        "title": "Hexagonal p999 threefold rotor",
        "category": "Hexagonal oscillators and rotors",
        "tiling": "hex",
        "cells": 12481,
        "neighborhood": "edge",
        "rule": "B2/S1",
        "generations": 3,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 999,
        "minimumAlive": 11,
        "maximumAlive": 80,
        "supportCells": 1335,
        "minimumBoundaryDistance": 33,
        "center": [
          11.258330248446947,
          -3.5
        ],
        "radius": 37.802116704805
      },
      {
        "id": "hex-b23s4-p13-traveller",
        "title": "Hexagonal p13 diagonal spaceship",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B23/S4",
        "generations": 2,
        "kind": "spaceship benchmark",
        "steps": 13,
        "translation": [
          1,
          1
        ],
        "liveCells": 9,
        "phasePopulations": [
          9,
          10,
          9,
          13,
          8,
          10,
          10,
          15,
          10,
          10,
          10,
          11,
          11,
          9
        ],
        "ruleClauseActivity": []
      },
      {
        "id": "hex-b2s1-c3-p158-traveller",
        "title": "Hexagonal p158 wandering spaceship",
        "category": "Hexagonal travellers",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B2/S1",
        "generations": 3,
        "kind": "spaceship benchmark",
        "steps": 158,
        "translation": [
          -11,
          22
        ],
        "liveCells": 18,
        "phasePopulations": [
          18,
          21,
          23,
          22,
          25,
          29,
          27,
          34,
          33,
          35,
          40,
          34,
          34,
          40,
          44,
          54,
          56,
          49,
          62,
          55,
          48,
          46,
          35,
          30,
          35,
          46,
          55,
          61,
          49,
          55,
          60,
          62,
          64,
          61,
          73,
          67,
          68,
          66,
          62,
          59,
          66,
          55,
          59,
          62,
          63,
          68,
          68,
          62,
          56,
          50,
          46,
          55,
          42,
          53,
          45,
          40,
          43,
          40,
          27,
          21,
          23,
          26,
          29,
          35,
          39,
          28,
          33,
          23,
          20,
          32,
          28,
          35,
          25,
          25,
          23,
          22,
          28,
          21,
          14,
          18,
          21,
          23,
          22,
          25,
          29,
          27,
          34,
          33,
          35,
          40,
          34,
          34,
          40,
          44,
          54,
          56,
          49,
          62,
          55,
          48,
          46,
          35,
          30,
          35,
          46,
          55,
          61,
          49,
          55,
          60,
          62,
          64,
          61,
          73,
          67,
          68,
          66,
          62,
          59,
          66,
          55,
          59,
          62,
          63,
          68,
          68,
          62,
          56,
          50,
          46,
          55,
          42,
          53,
          45,
          40,
          43,
          40,
          27,
          21,
          23,
          26,
          29,
          35,
          39,
          28,
          33,
          23,
          20,
          32,
          28,
          35,
          25,
          25,
          23,
          22,
          28,
          21,
          14,
          18
        ],
        "ruleClauseActivity": []
      },
      {
        "id": "hex-b2s34-wall-repair",
        "title": "Hexagonal self-repairing wall",
        "category": "Hexagonal constructions",
        "tiling": "hex",
        "cells": 12481,
        "neighborhood": "edge",
        "rule": "B2/S34",
        "generations": 2,
        "kind": "localized transient to cycle",
        "transient": 44,
        "exactPeriod": 5,
        "minimumAlive": 63,
        "maximumAlive": 73,
        "supportCells": 87,
        "minimumBoundaryDistance": 42,
        "center": [
          0,
          0
        ],
        "radius": 33.04542376880027
      },
      {
        "id": "hex-b2s34-p2044-billiard",
        "title": "Hexagonal p2044 billiard table",
        "category": "Hexagonal constructions",
        "tiling": "hex",
        "cells": 12481,
        "neighborhood": "edge",
        "rule": "B2/S34",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 2044,
        "minimumAlive": 146,
        "maximumAlive": 198,
        "supportCells": 243,
        "minimumBoundaryDistance": 41,
        "center": [
          0,
          0
        ],
        "radius": 34.51086831796022
      },
      {
        "id": "hex-parity-seven-copy",
        "title": "Hexagonal seven-copy replicator",
        "category": "Hexagonal guns, puffers and replication",
        "tiling": "hex",
        "cells": 49537,
        "neighborhood": "edge",
        "rule": "B135/S0246",
        "generations": 2,
        "kind": "replicator benchmark",
        "steps": 8,
        "translations": [
          [
            0,
            0
          ],
          [
            8,
            0
          ],
          [
            0,
            8
          ],
          [
            -8,
            8
          ],
          [
            -8,
            0
          ],
          [
            0,
            -8
          ],
          [
            8,
            -8
          ]
        ],
        "initialLiveCells": 3,
        "resultingLiveCells": 21
      },
      {
        "id": "penrose-conway-p4",
        "title": "Penrose Conway p4",
        "category": "Penrose Conway oscillators",
        "tiling": "penrose",
        "cells": 7920,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 4,
        "minimumAlive": 9,
        "maximumAlive": 12,
        "supportCells": 12,
        "minimumBoundaryDistance": 25,
        "center": [
          -4.425013621648152,
          -1.4377740919589996
        ],
        "radius": 2.491292428273102
      },
      {
        "id": "penrose-conway-p5",
        "title": "Penrose Conway p5",
        "category": "Penrose Conway oscillators",
        "tiling": "penrose",
        "cells": 7920,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 5,
        "minimumAlive": 8,
        "maximumAlive": 10,
        "supportCells": 18,
        "minimumBoundaryDistance": 16,
        "center": [
          16.97667137781779,
          5.668058580822414
        ],
        "radius": 2.478242931551505
      },
      {
        "id": "penrose-conway-p7",
        "title": "Penrose Conway p7",
        "category": "Penrose Conway oscillators",
        "tiling": "penrose",
        "cells": 7920,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 7,
        "minimumAlive": 7,
        "maximumAlive": 11,
        "supportCells": 20,
        "minimumBoundaryDistance": 7,
        "center": [
          -11.109749460220337,
          -28.33540458679199
        ],
        "radius": 3.0327443982380005
      },
      {
        "id": "penrose-conway-p12",
        "title": "Penrose Conway p12",
        "category": "Penrose Conway oscillators",
        "tiling": "penrose",
        "cells": 7920,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 12,
        "minimumAlive": 6,
        "maximumAlive": 14,
        "supportCells": 33,
        "minimumBoundaryDistance": 17,
        "center": [
          -10.547378467791008,
          11.415505322543057
        ],
        "radius": 3.3408758939273118
      },
      {
        "id": "penrose-edge-conway-p4",
        "title": "Penrose edge-graph p4",
        "category": "Penrose Conway oscillators",
        "tiling": "penrose",
        "cells": 7920,
        "neighborhood": "edge",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 4,
        "minimumAlive": 22,
        "maximumAlive": 25,
        "supportCells": 25,
        "minimumBoundaryDistance": 41,
        "center": [
          6.571211452484131,
          5.58508487701416
        ],
        "radius": 4.345034241271557
      },
      {
        "id": "hat-conway-p6",
        "title": "Hat Conway p6",
        "category": "Einstein-hat Conway oscillators",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 6,
        "minimumAlive": 10,
        "maximumAlive": 13,
        "supportCells": 15,
        "minimumBoundaryDistance": 25,
        "center": [
          10.074359035491943,
          12.457442283630371
        ],
        "radius": 5.323286821587096
      },
      {
        "id": "hat-conway-p9",
        "title": "Hat Conway p9",
        "category": "Einstein-hat Conway oscillators",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 9,
        "minimumAlive": 8,
        "maximumAlive": 9,
        "supportCells": 11,
        "minimumBoundaryDistance": 16,
        "center": [
          38.78671299327504,
          -1.1567192375659898
        ],
        "radius": 4.916455173399217
      },
      {
        "id": "hat-conway-p26",
        "title": "Hat Conway p26",
        "category": "Einstein-hat Conway oscillators",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 26,
        "minimumAlive": 6,
        "maximumAlive": 10,
        "supportCells": 14,
        "minimumBoundaryDistance": 30,
        "center": [
          -6.200549466269357,
          3.744846118347984
        ],
        "radius": 4.7261280349585695
      },
      {
        "id": "hat-edge-conway-p15",
        "title": "Hat edge-graph p15",
        "category": "Einstein-hat Conway oscillators",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "edge",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 15,
        "minimumAlive": 24,
        "maximumAlive": 29,
        "supportCells": 31,
        "minimumBoundaryDistance": 6,
        "center": [
          42.78908181959583,
          49.0690425749748
        ],
        "radius": 8.406226147622364
      },
      {
        "id": "hat-seeds-p8",
        "title": "Hat Seeds p8",
        "category": "Alternative-rule aperiodic oscillators",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "edge",
        "rule": "B2/S",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 8,
        "minimumAlive": 4,
        "maximumAlive": 5,
        "supportCells": 12,
        "minimumBoundaryDistance": 13,
        "center": [
          -2.8750000217308602,
          43.19579315185547
        ],
        "radius": 4.179778115745649
      },
      {
        "id": "hat-b23-p20",
        "title": "Hat B23/S p20",
        "category": "Alternative-rule aperiodic oscillators",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "edge",
        "rule": "B23/S",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 20,
        "minimumAlive": 10,
        "maximumAlive": 16,
        "supportCells": 32,
        "minimumBoundaryDistance": 15,
        "center": [
          -21.07331734895706,
          30.425387859344482
        ],
        "radius": 10.014334628197947
      },
      {
        "id": "hat-b23-p24",
        "title": "Hat B23/S p24",
        "category": "Alternative-rule aperiodic oscillators",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "edge",
        "rule": "B23/S",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 24,
        "minimumAlive": 8,
        "maximumAlive": 11,
        "supportCells": 21,
        "minimumBoundaryDistance": 21,
        "center": [
          6.463370029060614,
          24.93074607849121
        ],
        "radius": 8.579249583182927
      },
      {
        "id": "hat-b23-p28",
        "title": "Hat B23/S p28",
        "category": "Alternative-rule aperiodic oscillators",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "edge",
        "rule": "B23/S",
        "generations": 2,
        "kind": "isolated oscillator",
        "transient": 0,
        "exactPeriod": 28,
        "minimumAlive": 14,
        "maximumAlive": 20,
        "supportCells": 37,
        "minimumBoundaryDistance": 7,
        "center": [
          -74.55197597194362,
          1.6798371825669247
        ],
        "radius": 6.9130195675508235
      },
      {
        "id": "penrose-b2-c4-compact-traveller",
        "title": "Penrose compact traveller",
        "category": "Aperiodic travelling dynamics",
        "tiling": "penrose",
        "cells": 54560,
        "neighborhood": "touch",
        "rule": "B2/S",
        "generations": 4,
        "kind": "compact finite traveller",
        "verifiedThrough": 220,
        "initialActive": 7,
        "finalActive": 8,
        "minimumActive": 7,
        "maximumActive": 11,
        "minimumLive": 2,
        "maximumLive": 4,
        "maximumRadius": 1.9884600886805777,
        "minimumBoundaryDistance": 9,
        "displacement": 193.2701844741263,
        "directionality": 0.9887625034557931,
        "maximumSupportComponents": 1,
        "disconnectedGenerations": [],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [],
        "translatedReturn": {
          "fromGeneration": 102,
          "toGeneration": 164,
          "dx": -55.22679090499878,
          "dy": 0,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          2716353629,
          1431658492
        ]
      },
      {
        "id": "penrose-b2-c5-compact-traveller",
        "title": "Penrose five-state traveller",
        "category": "Aperiodic travelling dynamics",
        "tiling": "penrose",
        "cells": 54560,
        "neighborhood": "touch",
        "rule": "B2/S",
        "generations": 5,
        "kind": "compact finite traveller",
        "verifiedThrough": 220,
        "initialActive": 11,
        "finalActive": 12,
        "minimumActive": 11,
        "maximumActive": 14,
        "minimumLive": 2,
        "maximumLive": 4,
        "maximumRadius": 2.3312180258031088,
        "minimumBoundaryDistance": 12,
        "displacement": 192.3908986120292,
        "directionality": 0.9947504985610133,
        "maximumSupportComponents": 1,
        "disconnectedGenerations": [],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [],
        "translatedReturn": {
          "fromGeneration": 59,
          "toGeneration": 161,
          "dx": 27.61339521408081,
          "dy": -84.98529226129705,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          1804692515,
          504227277
        ]
      },
      {
        "id": "penrose-b2-c6-compact-traveller",
        "title": "Penrose six-state traveller",
        "category": "Aperiodic travelling dynamics",
        "tiling": "penrose",
        "cells": 54560,
        "neighborhood": "touch",
        "rule": "B2/S",
        "generations": 6,
        "kind": "compact finite traveller",
        "verifiedThrough": 220,
        "initialActive": 14,
        "finalActive": 15,
        "minimumActive": 14,
        "maximumActive": 18,
        "minimumLive": 2,
        "maximumLive": 4,
        "maximumRadius": 2.7005639173395912,
        "minimumBoundaryDistance": 11,
        "displacement": 192.26781175971766,
        "directionality": 0.994671764930342,
        "maximumSupportComponents": 1,
        "disconnectedGenerations": [],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [],
        "translatedReturn": {
          "fromGeneration": 80,
          "toGeneration": 143,
          "dx": 55.22679030895233,
          "dy": 0,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          3638894468,
          346151744
        ]
      },
      {
        "id": "penrose-b24-c4-launcher-traveller",
        "title": "Penrose B24 launcher traveller",
        "category": "Aperiodic travelling dynamics",
        "tiling": "penrose",
        "cells": 54560,
        "neighborhood": "touch",
        "rule": "B24/S",
        "generations": 4,
        "kind": "compact finite traveller",
        "verifiedThrough": 200,
        "initialActive": 27,
        "finalActive": 9,
        "minimumActive": 7,
        "maximumActive": 37,
        "minimumLive": 2,
        "maximumLive": 13,
        "maximumRadius": 7.492002853110257,
        "minimumBoundaryDistance": 14,
        "displacement": 171.8407959486262,
        "directionality": 0.9533384870895149,
        "maximumSupportComponents": 4,
        "disconnectedGenerations": [
          3,
          4,
          8,
          9,
          11,
          12,
          14,
          15,
          16,
          17,
          18,
          19,
          26
        ],
        "requiredBirthCount": 8,
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 4,
            "count": 8,
            "lastToGeneration": 14
          }
        ],
        "translatedReturn": {
          "fromGeneration": 63,
          "toGeneration": 126,
          "dx": -55.22679011027019,
          "dy": 0,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          3684102456,
          4123039717
        ]
      },
      {
        "id": "penrose-b2s4-c5-survival-launcher",
        "title": "Penrose B2/S4 survival launcher",
        "category": "Aperiodic travelling dynamics",
        "tiling": "penrose",
        "cells": 54560,
        "neighborhood": "touch",
        "rule": "B2/S4",
        "generations": 5,
        "kind": "compact finite traveller",
        "verifiedThrough": 200,
        "initialActive": 7,
        "finalActive": 11,
        "minimumActive": 7,
        "maximumActive": 31,
        "minimumLive": 2,
        "maximumLive": 9,
        "maximumRadius": 9.25372805427761,
        "minimumBoundaryDistance": 17,
        "displacement": 170.83137866903294,
        "directionality": 0.9614596962129321,
        "maximumSupportComponents": 2,
        "disconnectedGenerations": [
          5,
          10,
          11,
          12,
          13
        ],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 670,
            "lastToGeneration": 200
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 2,
            "lastToGeneration": 7
          }
        ],
        "translatedReturn": {
          "fromGeneration": 36,
          "toGeneration": 60,
          "dx": -17.066017468770344,
          "dy": 12.399185975392662,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          3636027621,
          1670214676
        ]
      },
      {
        "id": "penrose-b26s-c4-birth-launcher",
        "title": "Penrose B26/S birth launcher",
        "category": "Aperiodic travelling dynamics",
        "tiling": "penrose",
        "cells": 54560,
        "neighborhood": "touch",
        "rule": "B26/S",
        "generations": 4,
        "kind": "compact finite traveller",
        "verifiedThrough": 200,
        "initialActive": 18,
        "finalActive": 11,
        "minimumActive": 7,
        "maximumActive": 20,
        "minimumLive": 2,
        "maximumLive": 8,
        "maximumRadius": 4.670473827658084,
        "minimumBoundaryDistance": 15,
        "displacement": 175.89045263065336,
        "directionality": 0.9808926027720214,
        "maximumSupportComponents": 3,
        "disconnectedGenerations": [
          1,
          3,
          4
        ],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 637,
            "lastToGeneration": 200
          },
          {
            "kind": "birth",
            "liveNeighbors": 6,
            "count": 1,
            "lastToGeneration": 1
          }
        ],
        "translatedReturn": {
          "fromGeneration": 32,
          "toGeneration": 56,
          "dx": 6.518638610839844,
          "dy": -20.062304496765137,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          2007869915,
          447599390
        ]
      },
      {
        "id": "penrose-b27s4-c4-dual-clause-launcher",
        "title": "Penrose B27/S4 dual-clause launcher",
        "category": "Aperiodic travelling dynamics",
        "tiling": "penrose",
        "cells": 54560,
        "neighborhood": "touch",
        "rule": "B27/S4",
        "generations": 4,
        "kind": "compact finite traveller",
        "verifiedThrough": 200,
        "initialActive": 26,
        "finalActive": 10,
        "minimumActive": 7,
        "maximumActive": 54,
        "minimumLive": 2,
        "maximumLive": 26,
        "maximumRadius": 8.75165080127383,
        "minimumBoundaryDistance": 15,
        "displacement": 177.3490932707913,
        "directionality": 0.9877788019346218,
        "maximumSupportComponents": 5,
        "disconnectedGenerations": [
          4,
          5
        ],
        "requiredBirthCount": 0,
        "ruleClauseActivity": [
          {
            "kind": "birth",
            "liveNeighbors": 2,
            "count": 660,
            "lastToGeneration": 200
          },
          {
            "kind": "birth",
            "liveNeighbors": 7,
            "count": 4,
            "lastToGeneration": 1
          },
          {
            "kind": "survival",
            "liveNeighbors": 4,
            "count": 7,
            "lastToGeneration": 4
          }
        ],
        "translatedReturn": {
          "fromGeneration": 34,
          "toGeneration": 58,
          "dx": 6.5186384064810605,
          "dy": 20.062305450439453,
          "neighborhoodRadius": 3
        },
        "finalHash": [
          3375366975,
          1925669226
        ]
      },
      {
        "id": "penrose-conway-diehard-293",
        "title": "Penrose Conway diehard — 293",
        "category": "Aperiodic compact transients",
        "tiling": "penrose",
        "cells": 7920,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "compact extinction transient",
        "extinctionGeneration": 293,
        "maximumAlive": 79,
        "totalChanged": 6524
      },
      {
        "id": "penrose-conway-methuselah-289",
        "title": "Penrose Conway methuselah — 289",
        "category": "Aperiodic compact transients",
        "tiling": "penrose",
        "cells": 7920,
        "neighborhood": "touch",
        "rule": "B3/S23",
        "generations": 2,
        "kind": "localized transient to cycle",
        "transient": 289,
        "exactPeriod": 1,
        "minimumAlive": 4,
        "maximumAlive": 4,
        "supportCells": 4,
        "minimumBoundaryDistance": 22,
        "center": [
          -8.900374174118042,
          -0.8328898847103119
        ],
        "radius": 0.8432323179133413
      },
      {
        "id": "penrose-b12-p840-field",
        "title": "Penrose B12/S p840 field",
        "category": "Collective aperiodic dynamics",
        "tiling": "penrose",
        "cells": 7920,
        "neighborhood": "edge",
        "rule": "B12/S",
        "generations": 2,
        "kind": "localized transient to cycle",
        "transient": 51,
        "exactPeriod": 840,
        "minimumAlive": 2553,
        "maximumAlive": 2587,
        "supportCells": 5252,
        "minimumBoundaryDistance": 8,
        "center": [
          0.07767703647456456,
          -0.04078699061639964
        ],
        "radius": 39.68326815809478
      },
      {
        "id": "penrose-brain-field",
        "title": "Penrose excitable field",
        "category": "Collective aperiodic dynamics",
        "tiling": "penrose",
        "cells": 7920,
        "neighborhood": "touch",
        "rule": "B2/S",
        "generations": 3,
        "kind": "sustained field",
        "verifiedThrough": 3000,
        "finalAlive": 607,
        "finalChanged": 1787,
        "maximumAlive": 786,
        "totalChanged": 5502268,
        "checkpoints": [
          {
            "generation": 250,
            "alive": 679,
            "changed": 1946
          },
          {
            "generation": 500,
            "alive": 590,
            "changed": 1801
          },
          {
            "generation": 750,
            "alive": 594,
            "changed": 1794
          },
          {
            "generation": 1000,
            "alive": 583,
            "changed": 1778
          },
          {
            "generation": 1250,
            "alive": 613,
            "changed": 1851
          },
          {
            "generation": 1500,
            "alive": 581,
            "changed": 1763
          },
          {
            "generation": 1750,
            "alive": 600,
            "changed": 1759
          },
          {
            "generation": 2000,
            "alive": 623,
            "changed": 1866
          },
          {
            "generation": 2250,
            "alive": 607,
            "changed": 1876
          },
          {
            "generation": 2500,
            "alive": 619,
            "changed": 1836
          },
          {
            "generation": 2750,
            "alive": 657,
            "changed": 1964
          },
          {
            "generation": 3000,
            "alive": 607,
            "changed": 1787
          }
        ]
      },
      {
        "id": "hat-b1-field",
        "title": "Hat B1 wave field",
        "category": "Collective aperiodic dynamics",
        "tiling": "hat",
        "cells": 7921,
        "neighborhood": "touch",
        "rule": "B1/S",
        "generations": 2,
        "kind": "sustained field",
        "verifiedThrough": 3000,
        "finalAlive": 816,
        "finalChanged": 1547,
        "maximumAlive": 1175,
        "totalChanged": 4785758,
        "checkpoints": [
          {
            "generation": 250,
            "alive": 784,
            "changed": 1609
          },
          {
            "generation": 500,
            "alive": 762,
            "changed": 1592
          },
          {
            "generation": 750,
            "alive": 785,
            "changed": 1591
          },
          {
            "generation": 1000,
            "alive": 770,
            "changed": 1576
          },
          {
            "generation": 1250,
            "alive": 766,
            "changed": 1564
          },
          {
            "generation": 1500,
            "alive": 764,
            "changed": 1553
          },
          {
            "generation": 1750,
            "alive": 797,
            "changed": 1555
          },
          {
            "generation": 2000,
            "alive": 839,
            "changed": 1622
          },
          {
            "generation": 2250,
            "alive": 821,
            "changed": 1647
          },
          {
            "generation": 2500,
            "alive": 832,
            "changed": 1634
          },
          {
            "generation": 2750,
            "alive": 801,
            "changed": 1656
          },
          {
            "generation": 3000,
            "alive": 816,
            "changed": 1547
          }
        ]
      }
    ]
  },
  "neighbourhoodDiagrams": {
    "release": "3.7.3",
    "coreSha256": "d39d1a0b0ed3b1307a9d9a9bbbabb75ee4479e257301674ac38c6b2b622b6ef3",
    "conventions": {
      "edge": "Tiles share a boundary segment of positive length.",
      "corner": "Tiles touch at a boundary point but share no positive-length boundary segment. The relation key corner denotes point contact only; on the hat tiling this can include a T-junction.",
      "touch": "Edge contacts and point contacts together.",
      "drawingCoordinates": "Release renderer Float32 polygon coordinates; adjacency classifications use the exact graphs from core.js.",
      "selection": "Interior cell whose renderer centre is nearest the origin, with touch boundary distance at least 2 and at least one point-contact-only neighbour on each aperiodic tiling.",
      "centralIncludedInNeighbourCount": false
    },
    "diagrams": [
      {
        "tiling": "hex",
        "depth": 4,
        "seed": "centered-hexagon",
        "patchTileCount": 61,
        "centralId": 30,
        "edgeDegree": 6,
        "touchDegree": 6,
        "pointContactOnlyDegree": 0,
        "boundaryDistance": {
          "edge": 4,
          "touch": 4
        },
        "edgeNeighbours": [
          21,
          22,
          29,
          31,
          38,
          39
        ],
        "touchNeighbours": [
          21,
          22,
          29,
          31,
          38,
          39
        ],
        "tiles": [
          {
            "id": 30,
            "relation": "central",
            "centre": [
              0,
              0
            ],
            "vertices": [
              [
                0.8660253882408142,
                0.5
              ],
              [
                6.123234262925839e-17,
                1
              ],
              [
                -0.8660253882408142,
                0.5
              ],
              [
                -0.8660253882408142,
                -0.5
              ],
              [
                -1.8369701465288538e-16,
                -1
              ],
              [
                0.8660253882408142,
                -0.5
              ]
            ]
          },
          {
            "id": 21,
            "relation": "edge",
            "centre": [
              -1.7320507764816284,
              0
            ],
            "vertices": [
              [
                -0.8660253882408142,
                0.5
              ],
              [
                -1.7320507764816284,
                1
              ],
              [
                -2.598076105117798,
                0.5
              ],
              [
                -2.598076105117798,
                -0.5
              ],
              [
                -1.7320507764816284,
                -1
              ],
              [
                -0.8660253882408142,
                -0.5
              ]
            ]
          },
          {
            "id": 22,
            "relation": "edge",
            "centre": [
              -0.8660253882408142,
              1.5
            ],
            "vertices": [
              [
                1.1102230246251565e-16,
                2
              ],
              [
                -0.8660253882408142,
                2.5
              ],
              [
                -1.7320507764816284,
                2
              ],
              [
                -1.7320507764816284,
                1
              ],
              [
                -0.8660253882408142,
                0.5
              ],
              [
                2.220446049250313e-16,
                1
              ]
            ]
          },
          {
            "id": 29,
            "relation": "edge",
            "centre": [
              -0.8660253882408142,
              -1.5
            ],
            "vertices": [
              [
                1.1102230246251565e-16,
                -1
              ],
              [
                -0.8660253882408142,
                -0.5
              ],
              [
                -1.7320507764816284,
                -1
              ],
              [
                -1.7320507764816284,
                -2
              ],
              [
                -0.8660253882408142,
                -2.5
              ],
              [
                2.220446049250313e-16,
                -2
              ]
            ]
          },
          {
            "id": 31,
            "relation": "edge",
            "centre": [
              0.8660253882408142,
              1.5
            ],
            "vertices": [
              [
                1.7320507764816284,
                2
              ],
              [
                0.8660253882408142,
                2.5
              ],
              [
                1.1102230246251565e-16,
                2
              ],
              [
                -2.220446049250313e-16,
                1
              ],
              [
                0.8660253882408142,
                0.5
              ],
              [
                1.7320507764816284,
                1
              ]
            ]
          },
          {
            "id": 38,
            "relation": "edge",
            "centre": [
              0.8660253882408142,
              -1.5
            ],
            "vertices": [
              [
                1.7320507764816284,
                -1
              ],
              [
                0.8660253882408142,
                -0.5
              ],
              [
                1.1102230246251565e-16,
                -1
              ],
              [
                -2.220446049250313e-16,
                -2
              ],
              [
                0.8660253882408142,
                -2.5
              ],
              [
                1.7320507764816284,
                -2
              ]
            ]
          },
          {
            "id": 39,
            "relation": "edge",
            "centre": [
              1.7320507764816284,
              0
            ],
            "vertices": [
              [
                2.598076105117798,
                0.5
              ],
              [
                1.7320507764816284,
                1
              ],
              [
                0.8660253882408142,
                0.5
              ],
              [
                0.8660253882408142,
                -0.5
              ],
              [
                1.7320507764816284,
                -1
              ],
              [
                2.598076105117798,
                -0.5
              ]
            ]
          }
        ]
      },
      {
        "tiling": "penrose",
        "depth": 5,
        "seed": "sun",
        "patchTileCount": 430,
        "centralId": 268,
        "edgeDegree": 4,
        "touchDegree": 8,
        "pointContactOnlyDegree": 4,
        "boundaryDistance": {
          "edge": 12,
          "touch": 7
        },
        "edgeNeighbours": [
          182,
          228,
          314,
          354
        ],
        "touchNeighbours": [
          96,
          182,
          228,
          231,
          270,
          314,
          354,
          400
        ],
        "tiles": [
          {
            "id": 268,
            "relation": "central",
            "centre": [
              -0.769420862197876,
              -0.25
            ],
            "vertices": [
              [
                -0.9510565400123596,
                0.30901700258255005
              ],
              [
                -1.538841724395752,
                -0.5
              ],
              [
                -0.5877852439880371,
                -0.80901700258255
              ],
              [
                0,
                0
              ]
            ]
          },
          {
            "id": 96,
            "relation": "corner",
            "centre": [
              0.4755282700061798,
              0.6545084714889526
            ],
            "vertices": [
              [
                0.9510565400123596,
                0.30901700258255005
              ],
              [
                0.9510565400123596,
                1.3090169429779053
              ],
              [
                1.1102230246251565e-16,
                1
              ],
              [
                0,
                0
              ]
            ]
          },
          {
            "id": 182,
            "relation": "edge",
            "centre": [
              -0.4755282700061798,
              0.6545084714889526
            ],
            "vertices": [
              [
                1.1102230246251565e-16,
                1
              ],
              [
                -0.9510565400123596,
                1.3090169429779053
              ],
              [
                -0.9510565400123596,
                0.30901700258255005
              ],
              [
                0,
                0
              ]
            ]
          },
          {
            "id": 228,
            "relation": "edge",
            "centre": [
              -1.2449491024017334,
              0.404508501291275
            ],
            "vertices": [
              [
                -0.9510565400123596,
                1.3090169429779053
              ],
              [
                -1.538841724395752,
                0.5
              ],
              [
                -1.538841724395752,
                -0.5
              ],
              [
                -0.9510565400123596,
                0.30901700258255005
              ]
            ]
          },
          {
            "id": 231,
            "relation": "corner",
            "centre": [
              -2.0143699645996094,
              -0.15450850129127502
            ],
            "vertices": [
              [
                -1.538841724395752,
                -0.5
              ],
              [
                -1.538841724395752,
                0.5
              ],
              [
                -2.489898204803467,
                0.19098301231861115
              ],
              [
                -2.489898204803467,
                -0.80901700258255
              ]
            ]
          },
          {
            "id": 270,
            "relation": "corner",
            "centre": [
              -1.7204773426055908,
              -1.0590169429779053
            ],
            "vertices": [
              [
                -1.538841724395752,
                -0.5
              ],
              [
                -2.489898204803467,
                -0.80901700258255
              ],
              [
                -1.9021130800247192,
                -1.6180340051651
              ],
              [
                -0.9510565400123596,
                -1.3090169429779053
              ]
            ]
          },
          {
            "id": 314,
            "relation": "edge",
            "centre": [
              -0.769420862197876,
              -1.0590169429779053
            ],
            "vertices": [
              [
                -1.538841724395752,
                -0.5
              ],
              [
                -0.9510565400123596,
                -1.3090169429779053
              ],
              [
                0,
                -1.6180340051651
              ],
              [
                -0.5877852439880371,
                -0.80901700258255
              ]
            ]
          },
          {
            "id": 354,
            "relation": "edge",
            "centre": [
              0,
              -0.80901700258255
            ],
            "vertices": [
              [
                -0.5877852439880371,
                -0.80901700258255
              ],
              [
                0,
                -1.6180340051651
              ],
              [
                0.5877852439880371,
                -0.80901700258255
              ],
              [
                0,
                0
              ]
            ]
          },
          {
            "id": 400,
            "relation": "corner",
            "centre": [
              0.769420862197876,
              -0.25
            ],
            "vertices": [
              [
                0.9510565400123596,
                0.30901700258255005
              ],
              [
                0,
                0
              ],
              [
                0.5877852439880371,
                -0.80901700258255
              ],
              [
                1.538841724395752,
                -0.5
              ]
            ]
          }
        ]
      },
      {
        "tiling": "hat",
        "depth": 3,
        "seed": "h-metatile",
        "patchTileCount": 1156,
        "centralId": 519,
        "edgeDegree": 6,
        "touchDegree": 7,
        "pointContactOnlyDegree": 1,
        "boundaryDistance": {
          "edge": 14,
          "touch": 13
        },
        "edgeNeighbours": [
          508,
          509,
          511,
          513,
          516,
          517
        ],
        "touchNeighbours": [
          508,
          509,
          511,
          513,
          514,
          516,
          517
        ],
        "tiles": [
          {
            "id": 519,
            "relation": "central",
            "centre": [
              0.11538461595773697,
              -0.19985201954841614
            ],
            "vertices": [
              [
                0.5,
                -0.8660253882408142
              ],
              [
                1.25,
                -1.299038052558899
              ],
              [
                1.5,
                -0.8660253882408142
              ],
              [
                1,
                1.2212453270876722e-14
              ],
              [
                0.5,
                1.2989609388114332e-14
              ],
              [
                0.5,
                0.8660253882408142
              ],
              [
                -0.25,
                1.299038052558899
              ],
              [
                -0.5,
                0.8660253882408142
              ],
              [
                -0.25,
                0.4330126941204071
              ],
              [
                -1,
                1.5432100042289676e-14
              ],
              [
                -1,
                -0.8660253882408142
              ],
              [
                -0.5,
                -0.8660253882408142
              ],
              [
                -0.25,
                -1.299038052558899
              ]
            ]
          },
          {
            "id": 508,
            "relation": "edge",
            "centre": [
              -1.7692307233810425,
              1.7157216470578725e-14
            ],
            "vertices": [
              [
                -1,
                1.5987211554602254e-14
              ],
              [
                -0.25,
                0.4330126941204071
              ],
              [
                -0.5,
                0.8660253882408142
              ],
              [
                -1.5,
                0.8660253882408142
              ],
              [
                -1.75,
                0.4330126941204071
              ],
              [
                -2.5,
                0.8660253882408142
              ],
              [
                -3.25,
                0.4330126941204071
              ],
              [
                -3,
                1.9206858326015208e-14
              ],
              [
                -2.5,
                1.840194663316197e-14
              ],
              [
                -2.5,
                -0.8660253882408142
              ],
              [
                -1.75,
                -1.299038052558899
              ],
              [
                -1.5,
                -0.8660253882408142
              ],
              [
                -1,
                -0.8660253882408142
              ]
            ]
          },
          {
            "id": 509,
            "relation": "edge",
            "centre": [
              -0.6153846383094788,
              2.398224115371704
            ],
            "vertices": [
              [
                -1,
                1.7320507764816284
              ],
              [
                -1,
                0.8660253882408142
              ],
              [
                -0.5,
                0.8660253882408142
              ],
              [
                3.241851231905457e-14,
                1.7320507764816284
              ],
              [
                -0.25,
                2.1650636196136475
              ],
              [
                0.5,
                2.598076105117798
              ],
              [
                0.5,
                3.464101552963257
              ],
              [
                3.5083047578154947e-14,
                3.464101552963257
              ],
              [
                -0.25,
                3.0310888290405273
              ],
              [
                -1,
                3.464101552963257
              ],
              [
                -1.75,
                3.0310888290405273
              ],
              [
                -1.5,
                2.598076105117798
              ],
              [
                -1.75,
                2.1650636196136475
              ]
            ]
          },
          {
            "id": 511,
            "relation": "edge",
            "centre": [
              -1.7692307233810425,
              -1.7320507764816284
            ],
            "vertices": [
              [
                -1,
                -1.7320507764816284
              ],
              [
                -0.25,
                -1.299038052558899
              ],
              [
                -0.5,
                -0.8660253882408142
              ],
              [
                -1.5,
                -0.8660253882408142
              ],
              [
                -1.75,
                -1.299038052558899
              ],
              [
                -2.5,
                -0.8660253882408142
              ],
              [
                -3.25,
                -1.299038052558899
              ],
              [
                -3,
                -1.7320507764816284
              ],
              [
                -2.5,
                -1.7320507764816284
              ],
              [
                -2.5,
                -2.598076105117798
              ],
              [
                -1.75,
                -3.0310888290405273
              ],
              [
                -1.5,
                -2.598076105117798
              ],
              [
                -1,
                -2.598076105117798
              ]
            ]
          },
          {
            "id": 513,
            "relation": "edge",
            "centre": [
              0.8846153616905212,
              -1.9319027662277222
            ],
            "vertices": [
              [
                0.5,
                -2.598076105117798
              ],
              [
                0.5,
                -3.464101552963257
              ],
              [
                1,
                -3.464101552963257
              ],
              [
                1.5,
                -2.598076105117798
              ],
              [
                1.25,
                -2.1650636196136475
              ],
              [
                2,
                -1.7320507764816284
              ],
              [
                2,
                -0.8660253882408142
              ],
              [
                1.5,
                -0.8660253882408142
              ],
              [
                1.25,
                -1.299038052558899
              ],
              [
                0.5,
                -0.8660253882408142
              ],
              [
                -0.25,
                -1.299038052558899
              ],
              [
                2.5091040356528538e-14,
                -1.7320507764816284
              ],
              [
                -0.25,
                -2.1650636196136475
              ]
            ]
          },
          {
            "id": 514,
            "relation": "corner",
            "centre": [
              -0.6153846383094788,
              -2.7979283332824707
            ],
            "vertices": [
              [
                -1,
                -3.464101552963257
              ],
              [
                -1.75,
                -3.8971142768859863
              ],
              [
                -2,
                -3.464101552963257
              ],
              [
                -1.5,
                -2.598076105117798
              ],
              [
                -1,
                -2.598076105117798
              ],
              [
                -1,
                -1.7320507764816284
              ],
              [
                -0.25,
                -1.299038052558899
              ],
              [
                2.5757174171303632e-14,
                -1.7320507764816284
              ],
              [
                -0.25,
                -2.1650636196136475
              ],
              [
                0.5,
                -2.598076105117798
              ],
              [
                0.5,
                -3.464101552963257
              ],
              [
                2.3425705819590803e-14,
                -3.464101552963257
              ],
              [
                -0.25,
                -3.8971142768859863
              ]
            ]
          },
          {
            "id": 516,
            "relation": "edge",
            "centre": [
              0.8846153616905212,
              1.5321987867355347
            ],
            "vertices": [
              [
                0.5,
                0.8660253882408142
              ],
              [
                0.5,
                1.7763568394002505e-14
              ],
              [
                1,
                1.709743457922741e-14
              ],
              [
                1.5,
                0.8660253882408142
              ],
              [
                1.25,
                1.299038052558899
              ],
              [
                2,
                1.7320507764816284
              ],
              [
                2,
                2.598076105117798
              ],
              [
                1.5,
                2.598076105117798
              ],
              [
                1.25,
                2.1650636196136475
              ],
              [
                0.5,
                2.598076105117798
              ],
              [
                -0.25,
                2.1650636196136475
              ],
              [
                2.881028748902281e-14,
                1.7320507764816284
              ],
              [
                -0.25,
                1.299038052558899
              ]
            ]
          },
          {
            "id": 517,
            "relation": "edge",
            "centre": [
              2.384615421295166,
              -0.6661733984947205
            ],
            "vertices": [
              [
                2,
                1.5987211554602254e-14
              ],
              [
                1.25,
                0.4330126941204071
              ],
              [
                1,
                1.7430501486614958e-14
              ],
              [
                1.5,
                -0.8660253882408142
              ],
              [
                2,
                -0.8660253882408142
              ],
              [
                2,
                -1.7320507764816284
              ],
              [
                2.75,
                -2.1650636196136475
              ],
              [
                3,
                -1.7320507764816284
              ],
              [
                2.75,
                -1.299038052558899
              ],
              [
                3.5,
                -0.8660253882408142
              ],
              [
                3.5,
                1.3877787807814457e-14
              ],
              [
                3,
                1.454392162258955e-14
              ],
              [
                2.75,
                0.4330126941204071
              ]
            ]
          }
        ]
      }
    ]
  },
  "authorshipStatement": "AI generated following prompts by Murdoch J. Gabbay",
  "documentationRevision": 2,
  "documentationRevisionDate": "2026-10-14",
  "narrative": {
    "cover": [
      [
        "Abstract",
        "This catalogue documents all 89 curated configurations in Aperiodic Life 3.7.4: 22 on the Einstein-hat tiling, 21 on Penrose rhombs, 36 on the hexagonal lattice and 10 on the square lattice. Every entry has its exact rule, initialisation, production-engine illustrations, computational evidence and attribution. All 56 complete rule-sets are registered, and all 12 named rule presets are described separately."
      ],
      [
        "Scope of originality",
        "The catalogue identifies 55 configurations original to this package for which no exact precedent was found in the literature reviewed to 14 October 2026. A further package search result, P09, may be Owens and Stepney’s published fireworks oscillator [5,6]; its identity remains unresolved. Four deliberate package constructions, 25 published examples and four adaptations complete the 89 entries. Each adaptation names its parent pattern or rule and states what changed."
      ],
      [
        "Authorship and status",
        "AI generated following prompts by Murdoch J. Gabbay. Catalogue revision 2, 14 October 2026, for Aperiodic Life 3.7.4. The software package was vibe-coded by Murdoch J. Gabbay. This catalogue reports computational checks and source comparisons; it is not a peer-reviewed paper. Each reproduced pattern and rule names its source with a numbered reference."
      ]
    ],
    "scope": [
      [
        "What is included",
        "Every entry in discoveries.js appears once, with a stable identifier and a linked rule reference. The 12 named options in the separate rule selector also appear. The Custom option, arbitrary painted states and arbitrary random seeds are not finite preset lists. Penrose sun/star selects geometry, not a cellular-automaton pattern. Spectre and Goucher API-only tables are distinguished from the UI presets."
      ],
      [
        "Original to this package, or already known?",
        "ORIGINAL TO THIS PACKAGE identifies a configuration generated by this package’s search, with no exact precedent identified in the literature reviewed to 14 October 2026. It does not attribute an established update rule or travelling mechanism to this package, and the review cannot exclude unexamined or unpublished earlier work. CONSTRUCTED HERE identifies a deliberate assembly and names its underlying rule or principle. PUBLISHED names the author, pattern or mechanism and numbered source. ADAPTATION names that predecessor, its source and the change. P09 is labelled POSSIBLE PUBLISHED MATCH, not original."
      ],
      [
        "What has been compared",
        "The audit uses Owens and Stepney’s Penrose catalogue [5,6], Goucher’s Penrose-glider paper [4], Edmond’s paper and compendium [2,3], the hexagonal seed records identified in X23-X35, Stephen Silver’s Life Lexicon [24,25,26,27,29,30,32], and retained exact-state comparisons. Eleven hexagonal precedents have executable comparison records. Coverage is incomplete: the wider hexagonal databases and unpublished work have not been exhausted. A failed search or inaccessible web page is not evidence of originality."
      ],
      [
        "How to use this document",
        "Start with the plain-language rule guide, then the neighbourhood diagrams and rule-status definitions. Tiling directories link to every illustrated configuration. H, P, X and S label Hat, Penrose, hexagonal and square entries; C01-C04 retain the earlier catalogue’s constructed-example labels. R01-R56 denote complete rule-sets. U01-U12 denote rule-selector templates, which need a chosen graph. These labels are document references, not standard names."
      ]
    ],
    "rules": [
      [
        "Update convention",
        "Each polygon is one cell. All cells update simultaneously using the states before the update. A complete rule specifies the tiling, neighbour relation, transition rule and total state count C. A B/S string alone does not specify all four. The cell itself is never counted as its neighbour."
      ],
      [
        "Worked example: R40",
        "R40 is B234/S245 with C = 5 on the shared-edge hexagonal graph. An empty cell is born with exactly 2, 3 or 4 live neighbours. A live cell survives with exactly 2, 4 or 5. The six neighbours are precisely the edge-sharing hexagons. Thus R40:S5 means survival with exactly five of those six neighbours live. S5 is one clause, not an entire rule. The example is X08, the ten-step knightship launcher."
      ],
      [
        "States and refractory time",
        "State 0 is empty and state 1 is live. Only state 1 contributes to B/S neighbour counts. With C = 2, a live cell that fails survival becomes 0. With C > 2, it becomes state 2; refractory states then advance one step each generation, regardless of neighbours, through 2, 3, ..., C-1 and back to 0. A refractory cell cannot be born until it is 0 again. In R40 the death sequence is 1, 2, 3, 4, 0."
      ],
      [
        "Exact counts, not thresholds",
        "B12 means one or two neighbours, not twelve. B2/S has no survival counts, whereas B2/S0 permits survival with zero live neighbours. A multi-digit count is bracketed, for example B[10]/S[9,10]. None of R01-R56 needs a multi-digit B/S count. By contrast, priority-table conditions n_i >= k mean at least k neighbours in state i, including i = 0."
      ],
      [
        "Priority tables are different",
        "Named TABLE rules count each neighbour state separately and take the first matching ordered row. All conditions in that row must hold. No match gives state 0. The higher states are signals, with no automatic refractory ageing. The complete ordered rows, including defaults and state totals, appear in the rule register."
      ]
    ],
    "evidence": [
      [
        "Exact cycles and regular-lattice spaceships",
        "A stationary cycle satisfies F^p(S) = S on the same graph; its least positive p is its period. A transient of a steps means that the first recurrent phase is F^a(S). Equality concerns the entire labelled state. On an infinite translation-invariant lattice, F^p(S) = T_d(S) with nonzero displacement d and a verified empty exterior implies F^(kp)(S) = T_(kd)(S). The hexagonal unbounded reference supplies such exact certificates for the identified moving cycles."
      ],
      [
        "Aperiodic motion is finite evidence",
        "A translated cluster on an aperiodic graph need not encounter the same surroundings forever. The Hat and Penrose travel records therefore state finite horizons. They do not prove an immortal Einstein glider. Exact stationary cycles do recur on their fixed finite graph; boundary separation is reported where measured."
      ],
      [
        "Launchers, emitters, guns and puffers",
        "A launcher produces outgoing bodies once. A recurring emitter regenerates a source over the tested interval. An indefinite gun claim needs a repeatable source and proof that outgoing bodies never interfere with later emissions. H03 is a finite aperiodic emitter. The identified hexagonal gun and puffers have separate separation certificates; a growing puffer’s complete state is not a spaceship."
      ],
      [
        "Measurements",
        "N counts all nonzero cells; L counts state-1 cells. They differ for multistate rules. Cycle territory is the union of nonzero sites throughout a cycle. Boundary distance counts graph steps, with the outermost cells at zero. Polygon matches use the tolerances recorded in the evidence; they are not symbolic geometric proofs."
      ],
      [
        "Figures",
        "All 267 pattern panels are snapshots from the production engine and retain every nonzero cell. Pale cells are optional immediate zero-state context. Stationary cycle panels use one fixed view and scale; other panels are independently centred and scaled without rotation. The caption states the convention. Colours identify states. Every snapshot retains a complete-state hash and exact polygon coordinates in the source data."
      ]
    ],
    "neighbours": [
      [
        "Definition",
        "Shared-edge means a common boundary segment of positive length. Touch means edge or boundary-point contact, including a corner meeting another tile’s edge at a T-junction. The examined cell is excluded. Hat and Penrose neighbour counts vary with position."
      ],
      [
        "Regular lattices",
        "A square touch neighbourhood has eight cells: four sharing edges and four diagonal corner contacts. A square edge neighbourhood has four. All ten curated square configurations use touch. The hexagonal edge and touch graphs coincide: at each vertex only three hexagons meet and every pair shares an edge. There are exactly six neighbours."
      ],
      [
        "Coordinates and borders",
        "Hexagonal axial neighbours differ by (1,0), (1,-1), (0,-1), (-1,0), (-1,1), or (0,1). A cell (q,r) has centre (sqrt(3)(q+r/2), 3r/2). Square coordinates are integer column/row coordinates. Hat/Penrose tile IDs depend on the released builder, depth and seed. A border parameter b locks cells at graph-boundary distance less than b to state 0. There is no wraparound; external missing cells are not additional state-0 neighbours in a priority table."
      ]
    ],
    "status": [
      [
        "Complete rule identifiers",
        "R01-R56 each fixes the tiling, neighbour relation, transition and C. The seed, patch size and locked border then specify an experiment. The same B/S digits on different graphs or with different C values describe different automata. R40:S5 uniquely identifies one survival clause; R15.1 identifies row 1 of the ordered R15 table."
      ],
      [
        "Standard, previously used, or original?",
        "Binary birth/survival, Generations refractory rules and ordered state-count tables are established formalisms. A rule card names its documented earlier author or user and the publication that contains it. If the package transfers standard counts to a different graph, the card names that standard rule and graph change. If no earlier use of a complete graph/update/state-count specification was identified, the card says so explicitly and dates that statement to 14 October 2026. An adapted table names its parent: R13 derives its mature mechanism from Edmond’s Spectre relay [2,3]; R14 derives from his Hat B table R11 [2,3]. R15 was evolved in this package; Edmond’s work is background for its search framework, not a source for that exact table."
      ],
      [
        "Rules and patterns have separate credit",
        "R10 and R11 are Edmond’s published Hat rules. H02 and H03 are separately searched launch/source seeds under those rules and their known travelling mechanism. Calling B3/S23 Conway does not attribute a Hat, Penrose or hexagonal arrangement to Conway. The XOR construction uses a known additive principle. Each entry gives both its pattern status and a link to the rule’s status."
      ],
      [
        "Unresolved identity",
        "P09, penrose-conway-p12, matches the period 12, territory 33 and minimum population 6 of Owens and Stepney’s fireworks oscillator r-p12-33-6. These invariants do not determine identity. The exact geometric comparison is unresolved, and the pattern is not claimed original [5,6]."
      ]
    ],
    "reproduce": [
      [
        "From the application",
        "Use the version 3.7.4 release accompanying this catalogue. Open aperiodic-life-standalone.html, locate the entry by title in Curated configurations, and press Load. The lower-case identifier printed on the page is its discoveries.js key. Step through the generations shown. Save state preserves all labelled states. The live website may later run a different release."
      ],
      [
        "Machine-readable initial states",
        "The PDF attachment catalogue-data.json contains every preset, exact seed, rule and measurement. The repository’s geometry/diagrams.json additionally records complete snapshot geometry, graph hashes and the realised initial states of random fields. Where a long seed is not printed in full, the record key, population and SHA-256 of the canonical seed list identify the attached exact data. PDF readers may hide attachments; the same data is provided as a normal file beside this PDF."
      ],
      [
        "Rebuilding the catalogue",
        "The editable prose is catalogue.md. catalogue-source.json contains exact definitions, seeds, attributions and bibliography. build_catalogue.py reads both and produces the PDF plus catalogue-data.json. Install the optional documentation dependencies in requirements.txt, then run python3 docs/catalogue/build_catalogue.py from the repository root. The application itself still needs no installation or npm dependencies."
      ],
      [
        "Regenerating scientific figures",
        "Run node docs/catalogue/export_geometry.js to regenerate every snapshot from core.js and discoveries.js. Then rebuild the PDF. Re-run node research/verify-catalog.js and the cited specialised verifiers when changing seeds, geometry or dynamics. A larger aperiodic depth changes tile IDs: transfer by verified polygon correspondence, not by assuming the same numerical ID means the same location."
      ]
    ],
    "integrity": [
      [
        "Double-checks",
        "All 89 curated presets are included exactly once, all 12 named UI rule presets are inventoried, and all 56 complete rule definitions are mapped to their entries. Every panel is regenerated from the release engine. The full catalogue verifier and the eleven published hexagonal source comparisons were rerun. Independent period/displacement and aperiodic structure checks from the previous catalogue remain applicable to the unchanged seeds and engine; the evidence records state their actual horizons."
      ],
      [
        "Reproducibility and scope",
        "The embedded catalogue data and repository source identify the exact engine and discovery file by SHA-256. The PDF deliberately does not embed its containing release archive. That would create a circular dependency. Build and verification output paths are described in the catalogue README. Source claims are qualified separately from the runtime checks."
      ],
      [
        "Corrections and citation",
        "Cite Aperiodic Life 3.7.4, the stable preset ID, the full rule including C, and the graph. A useful earlier-match report supplies a dated source, complete multistate seed, rule and neighbourhood, and an explicit transformation or phase match. Please submit corrections and patches to the project repository. Neither this software nor this computational catalogue establishes global priority or replaces independent verification."
      ]
    ],
    "pattern:hat-wake-traveller": [
      [
        "Verified behaviour",
        "A compact traveller under a separately evolved four-state priority table. The six-cell catalogue seed is verified for 293 generations on the depth-5 Hat touch graph. A polygon-preserving placement of the same labelled seed on the depth-6 patch remains nonzero for 1,000 generations, visits 2,447 tiles, and displaces its nonzero-cell centroid by 1,071.983213 coordinate units; at most nine cells are nonzero at any instant."
      ],
      [
        "Interpretation and limits",
        "Finite aperiodic travel only: neither indefinite flight nor historical priority is established. The instantaneous support may have two connected components. The 341 failed state projections distinguish the observed mature local transitions from six stored reference tables, not every possible travelling mechanism. The state-3 wake is not proven necessary for transport. No earlier exact configuration or table was identified in the reviewed sources."
      ],
      [
        "Pattern provenance and credit",
        "The table arose in a fresh random evolutionary lineage (evaluation 358893, epoch 11). Four rows reproduce the retained seven-row trajectory. No exact precedent was identified in the literature reviewed to 14 October 2026. Edmond’s published framework and gliders remain prior work [2,3]."
      ]
    ],
    "pattern:hat-edmond-a-six-way-launcher": [
      [
        "Verified behaviour",
        "A connected six-cell launch under Edmond's unchanged Hat A table produces six independently evolving compact travelling bodies. From generation 60 through 180, independently evolving the six separated bodies reconstructs the complete labelled state at every generation. Each body has a checked translated return of its occupied polygons and three surrounding empty neighbour rings."
      ],
      [
        "Interpretation and limits",
        "A finite one-off launcher, not a repeating gun. The rule and glider mechanism were published by James Edmond; the contribution catalogued here is the searched launch configuration. No claim of an indefinitely traversable outgoing corridor or historical priority is made. All proper nonempty subsets fail to reproduce the checked full endpoint, which does not establish globally minimal seed size among all placements."
      ],
      [
        "Pattern provenance and credit",
        "The package found this interacting six-cell seed. The local rule and travelling mechanism belong to Edmond [2,3]. Failure of all 31 initial bipartitions and all proper seed subsets to reproduce the checked outcome does not prove global seed minimality."
      ]
    ],
    "pattern:hat-edmond-b-periodic-emitter": [
      [
        "Verified behaviour",
        "A three-cell seed under Edmond's Hat B table reaches a 56-cell source C at parent generation 30. For the complete nonzero state, F^40(C) is the disjoint union of C and a 23-cell emitted packet E. The packet decomposes into four independently travelling bodies in two streams, with successive bodies in each stream delayed by 20 generations. Independent cohort evolution reconstructs every source state from time 0 through 180. Source time 0 is parent generation 30, so source time 180 corresponds to parent generation 210."
      ],
      [
        "Interpretation and limits",
        "This verifies four complete 40-generation emission intervals on the checked finite substrate, not a least source period of 40 or perpetual gun operation. The source is the entire state at parent generation 30 and needs no external feed during the checked interval. An earlier 38-cell crop is not this certificate. James Edmond’s Hat B table and gliders are the published rule and mechanism [2, 3]; no exact precedent for this emitting seed was identified in the literature reviewed to 14 October 2026."
      ],
      [
        "Pattern provenance and credit",
        "The package found this three-cell source seed under Edmond’s unchanged Hat B rule. Credit for the rule and travelling mechanism belongs to Edmond [2,3]. No exact precedent for this emitting configuration was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-b2s1-c3-rotor-p39": [
      [
        "Verified behaviour",
        "An exact least-period-39 oscillator under B2/S1 with three states and edge adjacency. The complete labelled state advances by a 120-degree clockwise rotation after every 13 generations. The recurrent support consists of 39 Hat tiles, all of whose state histories have least temporal period 39."
      ],
      [
        "Interpretation and limits",
        "The rotation maps the recurrent occupied territory and its induced adjacency graph. It does not assert rotational symmetry of the entire Hat tiling. Instantaneous support can be disconnected. This is a bounded rotating oscillator with zero net translation, not a spaceship."
      ],
      [
        "Pattern provenance and credit",
        "Found by the package’s compact-seed oscillator search under three-state B2/S1 on the shared-edge graph. The retained phase is an exact period-39 rotating wave. Its original search record identifies trial 44 of the B2/S1 edge-orbit follow-up. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-b2s23-c6-rotor-p219": [
      [
        "Verified behaviour",
        "An exact least-period-219 oscillator under B2/S23 with six states and edge adjacency. The complete labelled state advances by a 120-degree clockwise rotation after every 73 generations. Its recurrent support has 300 tiles, each with least temporal period 219, so the period is not just the least common multiple of independent shorter clocks."
      ],
      [
        "Interpretation and limits",
        "The verified rotational relation concerns the recurrent support and its induced graph, not a symmetry of the whole Hat tiling. The object is a bounded oscillator, not a translating glider; instantaneous support can be disconnected."
      ],
      [
        "Pattern provenance and credit",
        "Found by the package’s compact-seed oscillator search under six-state B2/S23 on the shared-edge graph. The retained phase is an exact period-219 rotating wave. Its original pilot record identifies trial 122 for that rule and state count. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-b2s13-c4-clock-p11": [
      [
        "Verified behaviour",
        "A two-live-cell seed produces an exact least-period-11 oscillator under B2/S13 with four states and edge adjacency. The union of occupied tiles over a cycle contains eight tiles. Using the same two-cell seed, every state count C from 4 through 255 was independently checked to give least period 2C+3, with the same eight-tile support and an identically zero 12-tile exterior halo."
      ],
      [
        "Interpretation and limits",
        "The family formula is computationally verified for 4 <= C <= 255; no extrapolation beyond that range is claimed. C counts state 0 as well as live and refractory states. The browser exposes state counts only through 32, although the core supports the larger checked range."
      ],
      [
        "Pattern provenance and credit",
        "Developed from an eight-tile clock found by the package’s B2/S13 search at ten states (trial 1730). The catalogue keeps the same two-live-cell phase and changes the state count to four, giving period 11. The relation period = 2C + 3 was then checked for C = 4 through 255. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-directional-transient-83": [
      [
        "Verified behaviour",
        "A ten-cell labelled phase under B2/S1 with ten states and touch adjacency generates a directional transient. No live cells remain from generation 75; the remaining refractory states have all vanished at generation 83. Its total visited support contains 344 tiles, and its maximum instantaneous nonzero population is 76."
      ],
      [
        "Interpretation and limits",
        "Complete extinction is verified. This is not a glider or spaceship. The seed contains nine state-1 cells and one state-7 refractory cell, so describing it as ten live cells would be incorrect. The occupied support is not connected at every time."
      ],
      [
        "Pattern provenance and credit",
        "Selected from the package’s Hat B/S motion search and reduced to a ten-cell complete phase, including one refractory cell. The reduction preserves the retained parent state at generation 40. All activity ends at generation 83; the example is a directional transient, not a glider. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-conway-p6": [
      [
        "Verified behaviour",
        "An isolated oscillator of exact least period 6 under B3/S23 with two states on the Hat touch graph. The union of occupied tiles over its complete cycle has 15 tiles, while the instantaneous live population ranges from 10 to 13."
      ],
      [
        "Interpretation and limits",
        "The standard rule-family name does not imply that this Hat configuration was published previously. No exact precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work may exist. The full labelled state, not a population count or partial image, is used for recurrence verification."
      ],
      [
        "Pattern provenance and credit",
        "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-touch-B3/S23-2-osc-v3-2285, density 0.35. The isolated component has period 6. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-conway-p9": [
      [
        "Verified behaviour",
        "An isolated oscillator of exact least period 9 under B3/S23 with two states on the Hat touch graph. The union of occupied tiles over its complete cycle has 11 tiles, while the instantaneous live population ranges from 8 to 9."
      ],
      [
        "Interpretation and limits",
        "The standard rule-family name does not imply that this Hat configuration was published previously. No exact precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work may exist. The full labelled state, not a population count or partial image, is used for recurrence verification."
      ],
      [
        "Pattern provenance and credit",
        "Extracted from the package’s deterministic Conway-rule soup hat-touch-osc-61 at density 0.30. The whole soup has period 18; the isolated catalogue component has period 9. The name credits Conway’s B3/S23 rule, not authorship of this hat configuration. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-conway-p26": [
      [
        "Verified behaviour",
        "An isolated oscillator of exact least period 26 under B3/S23 with two states on the Hat touch graph. The union of occupied tiles over its complete cycle has 14 tiles, while the instantaneous live population ranges from 6 to 10."
      ],
      [
        "Interpretation and limits",
        "The standard rule-family name does not imply that this Hat configuration was published previously. No exact precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work may exist. The full labelled state, not a population count or partial image, is used for recurrence verification."
      ],
      [
        "Pattern provenance and credit",
        "Extracted from the package’s deterministic Conway-rule soup hat-touch-osc-27 at density 0.35. The isolated catalogue component has period 26. The name credits Conway’s B3/S23 rule, not authorship of this hat configuration. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-edge-conway-p15": [
      [
        "Verified behaviour",
        "An isolated oscillator of exact least period 15 under B3/S23 with two states on the Hat shared-edge graph. The union of occupied tiles over its complete cycle has 31 tiles, while the instantaneous live population ranges from 24 to 29."
      ],
      [
        "Interpretation and limits",
        "The standard rule-family name does not imply that this Hat configuration was published previously. No exact precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work may exist. The full labelled state, not a population count or partial image, is used for recurrence verification."
      ],
      [
        "Pattern provenance and credit",
        "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B3/S23-2-osc-v3-467, density 0.35. This is an exact period-15 component on the shared-edge hat graph, using Conway’s B3/S23 counts. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-seeds-p8": [
      [
        "Verified behaviour",
        "An isolated oscillator of exact least period 8 under B2/S with two states on the Hat shared-edge graph. The union of occupied tiles over its complete cycle has 12 tiles, while the instantaneous live population ranges from 4 to 5."
      ],
      [
        "Interpretation and limits",
        "The standard rule-family name does not imply that this Hat configuration was published previously. No exact precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work may exist. The full labelled state, not a population count or partial image, is used for recurrence verification."
      ],
      [
        "Pattern provenance and credit",
        "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B2/S-2-osc-v3-97, density 0.04. The four-live-cell catalogue phase has period 8 on the shared-edge hat graph. Seeds names the B2/S rule family; it does not identify a published source for this particular configuration. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-b23-p20": [
      [
        "Verified behaviour",
        "An isolated oscillator of exact least period 20 under B23/S with two states on the Hat shared-edge graph. The union of occupied tiles over its complete cycle has 32 tiles, while the instantaneous live population ranges from 10 to 16."
      ],
      [
        "Interpretation and limits",
        "The standard rule-family name does not imply that this Hat configuration was published previously. No exact precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work may exist. The full labelled state, not a population count or partial image, is used for recurrence verification."
      ],
      [
        "Pattern provenance and credit",
        "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-333, density 0.12. The whole soup has period 60; the isolated catalogue component has period 20. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-b23-p24": [
      [
        "Verified behaviour",
        "An isolated oscillator of exact least period 24 under B23/S with two states on the Hat shared-edge graph. The union of occupied tiles over its complete cycle has 21 tiles, while the instantaneous live population ranges from 8 to 11."
      ],
      [
        "Interpretation and limits",
        "The standard rule-family name does not imply that this Hat configuration was published previously. No exact precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work may exist. The full labelled state, not a population count or partial image, is used for recurrence verification."
      ],
      [
        "Pattern provenance and credit",
        "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-748, density 0.10. The eight-live-cell catalogue phase has period 24. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-b23-p28": [
      [
        "Verified behaviour",
        "An isolated oscillator of exact least period 28 under B23/S with two states on the Hat shared-edge graph. The union of occupied tiles over its complete cycle has 37 tiles, while the instantaneous live population ranges from 14 to 20."
      ],
      [
        "Interpretation and limits",
        "The standard rule-family name does not imply that this Hat configuration was published previously. No exact precedent was identified in the literature reviewed to 14 October 2026; unexamined or unpublished earlier work may exist. The full labelled state, not a population count or partial image, is used for recurrence verification."
      ],
      [
        "Pattern provenance and credit",
        "Extracted from a deterministic soup by the package’s oscillator miner: source seed hat-edge-B23/S-2-osc-v3-694, density 0.16. The whole soup has period 56; the isolated catalogue component has period 28. No exact precedent identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hat-two-row-relay": [
      [
        "Verified behaviour",
        "A two-cell seed travels under the three-state, two-row rule R13. Generations 60–235 match James Edmond’s Spectre relay [2, 3] after state relabelling. Verified through 235 finite generations; the complete support can split."
      ],
      [
        "Interpretation and limits",
        "The checked mature trajectories agree; the complete transition rules do not. R13 and Edmond’s Spectre table [3] have different ignition and transition conditions outside that trajectory. Finite travel does not prove indefinite propagation."
      ],
      [
        "Pattern provenance and credit",
        "R13 was obtained by simplifying the package’s evolved wake rule R15. Its mature trajectory matches James Edmond’s Spectre relay in The Glider Compendium [3], with package states (0,1,2) mapped to Edmond states (0,3,1). The global transition conditions and ignition differ. Edmond’s paper [2] supplies the published framework; this entry does not claim an independent discovery of the reproduced travelling mechanism."
      ]
    ],
    "pattern:hat-edmond-b-glider": [
      [
        "Verified behaviour",
        "A two-cell seed launches a compact Hat glider under James Edmond’s published B priority table. Verified through 307 generations with a dead boundary buffer; no immortality or first-discovery claim. The recorded trajectory contains at most 13 nonzero cells and stays at least 4 graph rings from the boundary."
      ],
      [
        "Interpretation and limits",
        "The package verifies this particular placement through generation 307 with at least four boundary rings. The Hat B rule and travelling behaviour are published by James Edmond [2, 3]; neither indefinite travel nor independent historical priority is inferred from this finite run."
      ],
      [
        "Pattern provenance and credit",
        "James Edmond — Hat B; seed placement found for Aperiodic Life [2, 3, 18]. Uses Edmond’s published Hat B transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of Edmond’s saved run. The package’s finite replay does not establish indefinite propagation."
      ]
    ],
    "pattern:hat-edmond-a-glider": [
      [
        "Verified behaviour",
        "A two-cell seed launches a compact Hat glider under James Edmond’s published A priority table. Verified through 307 generations with a dead boundary buffer; no immortality or first-discovery claim. The recorded trajectory contains at most 14 nonzero cells and stays at least 4 graph rings from the boundary."
      ],
      [
        "Interpretation and limits",
        "The package verifies this particular placement through generation 307 with at least four boundary rings. James Edmond’s Hat A rule and travelling behaviour appear in The Glider Compendium [3] and paper [2]. Aperiodic Life’s different seed placement does not establish a new glider discovery."
      ],
      [
        "Pattern provenance and credit",
        "James Edmond — Hat A; seed placement found for Aperiodic Life [2, 3, 18]. Uses Edmond’s published Hat A transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of Edmond’s saved run. The package’s finite replay does not establish indefinite propagation."
      ]
    ],
    "pattern:hat-edmond-c-glider": [
      [
        "Verified behaviour",
        "A two-cell seed launches a compact Hat glider under James Edmond’s published C priority table. Verified through 311 generations with a dead boundary buffer; no immortality or first-discovery claim. The recorded trajectory contains at most 18 nonzero cells and stays at least 4 graph rings from the boundary."
      ],
      [
        "Interpretation and limits",
        "The package checks this placement through generation 311 with at least four boundary rings. A finite translated local neighbourhood is not a proof that the full future substrate will repeat. James Edmond’s Hat C rule and travelling behaviour are published in The Glider Compendium [3] and paper [2]."
      ],
      [
        "Pattern provenance and credit",
        "James Edmond — Hat C; seed placement found for Aperiodic Life [2, 3, 18]. Uses Edmond’s published Hat C transition rule and previously demonstrated travelling behaviour. Aperiodic Life independently selected this two-cell placement on its own finite hat patch; its tile numbering and recorded trajectory are not an import of Edmond’s saved run. The package’s finite replay does not establish indefinite propagation."
      ]
    ],
    "pattern:hat-simple-glider": [
      [
        "Verified behaviour",
        "R14 is a three-state modification of James Edmond’s Hat B rule R11 [2, 3]. It reproduces the tested compact flights after relabelling, but differs on other inputs. The recorded trajectory contains at most 13 nonzero cells and stays at least four graph rings from the boundary."
      ],
      [
        "Interpretation and limits",
        "Agreement holds for the checked trajectories, not every input. A retained counterexample separates R14 from Edmond’s Hat B rule R11 [3]. Finite agreement does not prove endless travel."
      ],
      [
        "Pattern provenance and credit",
        "R14 modifies James Edmond’s Hat B rule R11 [2, 3]: remove the state unreachable from the checked two-cell launch, relabel parent state 3 as 2, and drop the empty-neighbour birth condition. These changes give three states and preserve the checked launches, but alter other inputs. The parent rule and travelling mechanism are Edmond’s; the package contributes this simplification, without claiming that no earlier equivalent simplification exists."
      ]
    ],
    "pattern:hat-edmond-c-triple-launcher": [
      [
        "Verified behaviour",
        "Two cells under Edmond’s C rule emit three separated compact travellers. Their complete independent evolutions reproduce the whole configuration through generation 160, with no leftover debris. This is a finite launcher, not a repeating gun. The recorded trajectory contains at most 39 nonzero cells and stays at least 34 graph rings from the boundary."
      ],
      [
        "Interpretation and limits",
        "This is a finite launch, not a repeating gun. Edmond’s Glider Compendium [3] already demonstrates Hat C triple emission; the package independently selected a placement and verifies its finite evolution."
      ],
      [
        "Pattern provenance and credit",
        "James Edmond — Hat C triple launch; seed placement found for Aperiodic Life [2, 3, 18]. Edmond’s compendium already demonstrates a two-cell Hat C seed producing three gliders. This catalogue entry uses the same published rule with a placement independently selected on Aperiodic Life’s patch. Its three separated travellers are verified through the stated finite horizon. It is a reproduction of published launch behaviour, not a claim to the first triple launcher or a repeating gun."
      ]
    ],
    "pattern:hat-b1-field": [
      [
        "Verified behaviour",
        "A deterministic pseudorandom B1/S field with two states, touch adjacency, density 0.12, random seed hat-touch-B1/S-2 and eight locked dead boundary rings remains dynamically active through 3,000 generations on the 7,921-tile depth-4 Hat patch."
      ],
      [
        "Interpretation and limits",
        "A constructed finite-board demonstration of collective activity, not a compact discovered structure or a novel rule. Persistence to 3,000 does not prove nonperiodic behaviour, indefinite persistence on an infinite tiling, or lack of a finite-board eventual cycle. It is classified as a package construction, C04."
      ],
      [
        "Pattern provenance and credit",
        "A reproducible pseudorandom field constructed for the package’s rule survey, using seed hat-touch-B1/S-2, density 0.12 and an eight-ring dead border. It was selected because it remains active through 3,000 generations. This is a finite-board demonstration of collective dynamics, not an attributed compact pattern or a claim of a newly discovered rule."
      ]
    ],
    "pattern:penrose-b2-c6-twelve-launcher": [
      [
        "Verified behaviour",
        "Three initially live cells produce twelve compact bodies whose independent evolutions reconstruct the entire configuration at every generation from 90 through 130. All twelve have observed translated full-state/polygon returns; five also have a verified matching three-ring neighbourhood return."
      ],
      [
        "Interpretation and limits",
        "A finite, placement-dependent one-off launcher in the B2/S six-state travelling family R22, illustrated by P13. It is neither a repeating gun nor evidence for a new propagating mechanism. Locally matching transplants do not necessarily preserve the twelve-body outcome."
      ],
      [
        "Pattern provenance and credit",
        "Three live cells selected by the connected/phased-seed campaign launch twelve independent compact bodies from generation 90 to 130, with a minimum observed boundary distance of seven graph steps. All twelve have translated full-state and polygon returns, while five have radius-three halo returns within that horizon. All six nonempty proper seed subsets differ at generation 130. This is a finite launcher using the package travelling family R22 (P13), not a new glider mechanism or repeating gun. Larger locally matching placements need not preserve this outcome. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:penrose-b2-c5-five-launcher": [
      [
        "Verified behaviour",
        "Three initially live cells yield five compact five-state travelling bodies. From generation 120 through 240 the five independently simulated bodies reproduce the complete state; each has an observed full-state translated return with matching tile polygons and three neighbourhood rings."
      ],
      [
        "Interpretation and limits",
        "A finite one-off launch using the B2/S travelling family; no repeating source or indefinite continuation has been established."
      ],
      [
        "Pattern provenance and credit",
        "This three-live-cell launch and its depth-11 placement were located by the package's connected-seed search and polygon-matched transplants. Its five emitted bodies use the B2/S five-state family R21 (P12), with finite verification through generation 240. This identifies the origin of this recorded launch, not a first-discovery claim for the rule or propagating mechanism. Goucher’s earlier published Penrose gliders use a different rule [4]."
      ]
    ],
    "pattern:penrose-b2-c6-six-launcher": [
      [
        "Verified behaviour",
        "Three initially live cells yield six compact six-state travelling bodies. From generation 120 through 200 their independent evolutions reproduce the complete state; each has an observed full-state translated return with matching tile polygons and three neighbourhood rings."
      ],
      [
        "Interpretation and limits",
        "A finite one-off launch using the B2/S travelling family; no repeating source or indefinite continuation has been established."
      ],
      [
        "Pattern provenance and credit",
        "This three-live-cell launch and its depth-11 placement were located by the package's connected-seed search and polygon-matched transplants. Its six emitted bodies use the B2/S six-state family R22 (P13), with finite verification through generation 200. This identifies the origin of this recorded launch, not a first-discovery claim for the rule or propagating mechanism. Goucher’s earlier published Penrose gliders use a different rule [4]."
      ]
    ],
    "pattern:penrose-edge-b23s23-p822": [
      [
        "Verified behaviour",
        "An exact least-period-822 stationary oscillator starts from nineteen live tiles and visits a total of forty-six tiles. Thirty-nine individual sites have least temporal period 822, excluding an explanation solely as independent smaller-period oscillators."
      ],
      [
        "Interpretation and limits",
        "Uses B23/S23 with edge adjacency, not ordinary Conway B3/S23 on the contact graph. The rule, graph and complete state are essential to the identity."
      ],
      [
        "Pattern provenance and credit",
        "Recovered in the package's focused B23/S23 edge search, then transplanted from depth 7 to depth 8. The recorded full period is 822 and 39 individual sites have that period. Owens–Stepney is earlier work on Penrose oscillators, but its Conway touch-graph catalogue does not establish authorship of this different-rule edge-graph pattern. No exact precedent was identified in the literature reviewed to 14 October 2026. Earlier Penrose oscillator catalogue: Owens and Stepney [5]."
      ]
    ],
    "pattern:penrose-conway-c3-p14": [
      [
        "Verified behaviour",
        "Four live and two refractory tiles initiate an exact least-period-14 stationary oscillator, using three-state B3/S23 Generations on the contact graph."
      ],
      [
        "Interpretation and limits",
        "This is a three-state rule. A binary Penrose oscillator of the same period is not thereby a precedent for the same pattern."
      ],
      [
        "Pattern provenance and credit",
        "Recovered in the package's multistate oscillator survey and transplanted from depth 7 to depth 8. This is a three-state B3/S23 Generations oscillator; it must not be identified with a published binary Penrose oscillator merely by period. No exact precedent was identified in the literature reviewed to 14 October 2026. Earlier Penrose oscillator catalogue: Owens and Stepney [5]."
      ]
    ],
    "pattern:penrose-conway-p4": [
      [
        "Verified behaviour",
        "An eleven-live-tile phase belongs to a least-period-4 contact-graph Conway oscillator; twelve tiles occur in its cycle support and its live population ranges from nine to twelve."
      ],
      [
        "Interpretation and limits",
        "Owens and Stepney’s Penrose Life catalogue [5] is relevant earlier work. An exact identification with its illustrated patterns has not been established; independent recovery from soup is not proof of originality."
      ],
      [
        "Pattern provenance and credit",
        "The package record recovers this exact phase from deterministic soup penrose-touch-B3/S23-2-osc-v3-6566, density 0.16. It has 12 support tiles and minimum population 9. Penrose Conway oscillators were catalogued by Owens and Stepney, but an exact identification with their illustrated patterns has not been established; this is a package search attribution, not a worldwide originality claim. Earlier Penrose oscillator catalogue: Owens and Stepney [5]."
      ]
    ],
    "pattern:penrose-conway-p5": [
      [
        "Verified behaviour",
        "An eight-live-tile phase belongs to a least-period-5 contact-graph Conway oscillator with eighteen-tile cycle support and live population between eight and ten."
      ],
      [
        "Interpretation and limits",
        "Its support and minimum population differ from the published r-p5-14-7 juggler, excluding that particular invariant match. Other possible antecedents have not been ruled out."
      ],
      [
        "Pattern provenance and credit",
        "The exact phase is recorded under soup penrose-touch-B3/S23-2-osc-v3-1151, density 0.35. It has 18 support tiles and minimum population 8. It is not identified with the published r-p5-14-7 juggler: those support/population invariants differ. No exact earlier match was identified in the literature reviewed to 14 October 2026. Earlier Penrose oscillator catalogue: Owens and Stepney [5]."
      ]
    ],
    "pattern:penrose-conway-p7": [
      [
        "Verified behaviour",
        "An eleven-live-tile phase belongs to a least-period-7 contact-graph Conway oscillator; twenty tiles occur during the cycle and the live population ranges from seven to eleven."
      ],
      [
        "Interpretation and limits",
        "Owens and Stepney’s Penrose oscillator catalogue [5] is directly relevant; exact earlier-pattern identity remains unresolved."
      ],
      [
        "Pattern provenance and credit",
        "The package soup replay records seed penrose-touch-osc-149, density 0.16, and this exact isolated period-7 phase. It has 20 support tiles and minimum population 7. No exact earlier match was identified in Owens and Stepney’s Penrose oscillator catalogue [5] in the review to 14 October 2026."
      ]
    ],
    "pattern:penrose-conway-p12": [
      [
        "Verified behaviour",
        "A six-live-tile phase belongs to a least-period-12 contact-graph Conway oscillator with thirty-three-tile cycle support and live population between six and fourteen."
      ],
      [
        "Interpretation and limits",
        "The published fireworks oscillator has matching period, territory and minimum population, but those invariants do not uniquely identify an oscillator. The possible antecedent remains unresolved; no originality claim is made."
      ],
      [
        "Pattern provenance and credit",
        "POSSIBLE PUBLISHED ANTECEDENT: the Owens-Stepney fireworks pattern r-p12-33-6 shares its period, territory and minimum population [5,6]. Complete phase-and-neighbourhood identity has not been established. Treat priority as unresolved, not original."
      ]
    ],
    "pattern:penrose-edge-conway-p4": [
      [
        "Verified behaviour",
        "A twenty-three-live-tile phase initiates a least-period-4 edge-graph Conway oscillator with twenty-five-tile cycle support and live population between twenty-two and twenty-five."
      ],
      [
        "Interpretation and limits",
        "The edge graph differs from the generalised Moore/contact graph used in the cited Owens–Stepney catalogue. Shared rule notation and period do not establish identity."
      ],
      [
        "Pattern provenance and credit",
        "The exact phase is recorded under soup penrose-edge-B3/S23-2-osc-v3-4732, density 0.30. This example uses edge adjacency, unlike the generalised Moore contact graph in the cited Penrose Conway catalogue. Same rule name or period alone does not identify an earlier exact pattern; no exact precedent was identified in the literature reviewed to 14 October 2026. Earlier Penrose oscillator catalogue: Owens and Stepney [5]."
      ]
    ],
    "pattern:penrose-b2-c4-compact-traveller": [
      [
        "Verified behaviour",
        "A seven-nonzero-tile phased seed remains connected and compact through 220 generations, traversing 193.270 tile-edge units with seven to eleven nonzero tiles. Generations 102 and 164 have a complete-state translated return with matching three-ring local neighbourhoods."
      ],
      [
        "Interpretation and limits",
        "Finite propagation only: a translated return of the occupied state and three surrounding graph rings does not prove that the aperiodic tiling ahead continues to provide equivalent neighbourhoods indefinitely. Adam P. Goucher’s Penrose gliders [4] use a different transition rule."
      ],
      [
        "Pattern provenance and credit",
        "The package retains an explicit source phase and a polygon-preserving transplant verifier. It is a 4-state B2/S live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no worldwide first-discovery claim is made for this Penrose phase. Earlier Penrose glider work under a different rule: Goucher [4]."
      ]
    ],
    "pattern:penrose-b2-c5-compact-traveller": [
      [
        "Verified behaviour",
        "An eleven-nonzero-tile phased seed remains connected and compact through 220 generations, traversing 192.391 tile-edge units with eleven to fourteen nonzero tiles. Generations 59 and 161 have a complete-state translated return with matching three-ring local neighbourhoods."
      ],
      [
        "Interpretation and limits",
        "Finite propagation only: a translated return of the occupied state and three surrounding graph rings does not prove that the aperiodic tiling ahead continues to provide equivalent neighbourhoods indefinitely. Adam P. Goucher’s Penrose gliders [4] use a different transition rule."
      ],
      [
        "Pattern provenance and credit",
        "The recorded depth-10 phase is taken from the package's five-state traveller campaign. It is a 5-state B2/S live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no worldwide first-discovery claim is made for this Penrose phase. Earlier Penrose glider work under a different rule: Goucher [4]."
      ]
    ],
    "pattern:penrose-b2-c6-compact-traveller": [
      [
        "Verified behaviour",
        "A fourteen-nonzero-tile phased seed remains connected and compact through 220 generations, traversing 192.268 tile-edge units with fourteen to eighteen nonzero tiles. Generations 80 and 143 have a complete-state translated return with matching three-ring local neighbourhoods."
      ],
      [
        "Interpretation and limits",
        "Finite propagation only: a translated return of the occupied state and three surrounding graph rings does not prove that the aperiodic tiling ahead continues to provide equivalent neighbourhoods indefinitely. Adam P. Goucher’s Penrose gliders [4] use a different transition rule."
      ],
      [
        "Pattern provenance and credit",
        "The recorded depth-10 phase is taken from the package's six-state traveller campaign. It is a 6-state B2/S live-front/refractory-wake example with a finite 220-generation certificate. Earlier published Penrose gliders use a different rule; no exact-pattern identity with them is asserted. The general refractory idea is established, and no worldwide first-discovery claim is made for this Penrose phase. Earlier Penrose glider work under a different rule: Goucher [4]."
      ]
    ],
    "pattern:penrose-b24-c4-launcher-traveller": [
      [
        "Verified behaviour",
        "A phased seed of twenty-seven nonzero tiles (ten live and seventeen refractory) produces eight B4 births by generation 14 before settling into a compact B2/S-type wave. The complete configuration traverses 171.841 tile-edge units through generation 200, becoming continuously connected from generation 27."
      ],
      [
        "Interpretation and limits",
        "The added B4 clause affects launch; the mature recurrent body belongs to the B2/S family. The recorded seed and launch are distinct catalogue objects, not a new recurrent glider mechanism."
      ],
      [
        "Pattern provenance and credit",
        "The package's altered-rule search supplied this 27-cell phased launcher. Eight B4 births affect its launch; its mature travelling core belongs to the package's B2/S family. This attributes the recorded seed and launch mechanism, not a new recurrent glider core or a proved immortal Penrose glider. No external exact-pattern source has been established."
      ]
    ],
    "pattern:penrose-b2s4-c5-survival-launcher": [
      [
        "Verified behaviour",
        "Seven initially live tiles undergo two S4 survivals by generation 7 and launch a five-state B2/S-type wave. The configuration traverses 170.831 tile-edge units in 200 generations, becoming continuously connected from generation 14."
      ],
      [
        "Interpretation and limits",
        "S4 affects ignition but does not establish a new mature travelling mechanism. This is a finite one-off launch."
      ],
      [
        "Pattern provenance and credit",
        "This seven-live-cell seed comes from the package's Penrose traveller search. Two S4 survivals distinguish its launch before it settles into the established B2/S-type wave. The exact seed, clause ablation and finite traversal are documented; no exact precedent for this launch was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:penrose-b26s-c4-birth-launcher": [
      [
        "Verified behaviour",
        "An eighteen-nonzero-tile phased seed uses one B6 birth at the first update, then self-cleans into a four-state B2/S-type wave. It traverses 175.890 tile-edge units in 200 generations and remains connected from generation 5."
      ],
      [
        "Interpretation and limits",
        "The extra B6 birth is an ignition event. The eventual travelling body uses the established B2/S mechanism; no indefinite continuation is established."
      ],
      [
        "Pattern provenance and credit",
        "The package search supplied this eighteen-cell phased seed. One B6 birth genuinely affects the launch; its eventual recurrent wave uses the B2/S four-state mechanism R20 (P11). It is a separately recorded launcher rather than evidence of a new recurrent rule mechanism. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:penrose-b27s4-c4-dual-clause-launcher": [
      [
        "Verified behaviour",
        "Twenty-six live tiles use four B7 births at the first update and seven S4 survivals by generation 4, then self-clean into a four-state B2/S-type wave. The configuration traverses 177.349 tile-edge units in 200 generations, becoming continuously connected from generation 6."
      ],
      [
        "Interpretation and limits",
        "Both added clauses affect launch, but the mature core belongs to the B2/S family. This is neither a new recurrent rule mechanism nor a repeating gun."
      ],
      [
        "Pattern provenance and credit",
        "The recorded 26-live-cell launch comes from the package's altered-rule campaign. Both added clauses fire during launch: B7 births and S4 survivals. The mature core belongs to the B2/S travelling family. This identifies the package search that produced the seed; no exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:penrose-conway-diehard-293": [
      [
        "Verified behaviour",
        "Fourteen initially live tiles remain nonempty through generation 292 and become completely extinct at generation 293; the maximum live population is seventy-nine."
      ],
      [
        "Interpretation and limits",
        "This is an exactly reproduced lifetime in the recorded finite patch, not a claim to a Penrose lifetime record. Earlier Penrose Life statistical studies do not by themselves identify the exact seed."
      ],
      [
        "Pattern provenance and credit",
        "This exact fourteen-cell seed is the retained extinction-at-293 result of the package's 5,000-candidate transient campaign, deterministic seed penrose-touch-B3/S23-2-transient-v1. Earlier Penrose Life lifetime studies provide context, but do not identify this exact initial state. No world-record or original-discovery claim is made. Earlier statistical investigation, not the source of this seed: Owens and Stepney [10]."
      ]
    ],
    "pattern:penrose-conway-methuselah-289": [
      [
        "Verified behaviour",
        "Twenty-two initially live tiles reach a four-live-tile fixed point after a transient of exactly 289 generations."
      ],
      [
        "Interpretation and limits",
        "The displayed seed is a long transient, not a moving body or an oscillator of period 289. No longest-known or first-discovery claim is justified."
      ],
      [
        "Pattern provenance and credit",
        "The exact 22-live-cell seed is the retained result of the package's 35,000-candidate campaign penrose-touch-b3s23-transient-v2. Its transient is 289 generations before a fixed point. This is a locally documented search result, not an attribution of the underlying Conway rule or a claim to the longest known Penrose transient. Earlier statistical investigation, not the source of this seed: Owens and Stepney [10]."
      ]
    ],
    "pattern:penrose-b12-p840-field": [
      [
        "Verified behaviour",
        "A deterministic finite random field reaches a complete-state cycle of least period 840 after a transient of 51 generations. During the cycle 5,252 tiles are nonzero at some time and the live population ranges from 2,553 to 2,587."
      ],
      [
        "Interpretation and limits",
        "A package-generated field, not an indivisible local oscillator. Its period may combine smaller local periods. Neither an original rule nor a novel mechanism is claimed."
      ],
      [
        "Pattern provenance and credit",
        "The initial field is generated by the package from seed penrose-edge-B12/S-2, density 0.12 and eight dead border rings. The finite field has transient 51 and period 840. This is a reproducible seeded demonstration, not a claim to an independently indivisible period-840 oscillator or an original cellular-automaton rule."
      ]
    ],
    "pattern:penrose-brain-field": [
      [
        "Verified behaviour",
        "A deterministic finite initial field remains active through generation 3,000 under three-state B2/S on the Penrose contact graph; generation 3,000 has 607 live tiles."
      ],
      [
        "Interpretation and limits",
        "The state transition is Brian Silverman’s established Brain rule, transferred to a different graph. This is a seeded field demonstration, not an unpreceded fixed pattern, periodicity proof, or infinite-activity proof."
      ],
      [
        "Pattern provenance and credit",
        "The B2/S three-state transition is Brian Silverman’s Brain rule, documented in Rucker and Walker’s CelLab manual [7], here applied to the Penrose touch graph instead of its usual square neighbourhood. The exact random field is package-generated from seed penrose-touch-B2/S-3 at density 0.12 with eight border rings. Its 3,000-generation observation is a finite demonstration, not a published fixed pattern or a first-discovery claim."
      ]
    ],
    "pattern:hex-b245s02-c5-p6-puffer": [
      [
        "Verified behaviour",
        "A five-state puffer shifts by axial (−2,4) every six generations, depositing one stationary live cell each cycle. Exact separation certificates prove continued propagation on the infinite hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "Period 6 is the head-plus-deposit recurrence interval; the entire ever-growing trail is neither an oscillator nor a finite spaceship. B5 is inactive on this established puffer orbit."
      ],
      [
        "Pattern provenance and credit",
        "A moving head extracted from the three-cell mixed-state seed. Its complete period-6 recurrence and permanent separation from every deposit are certified. B5 is unused in flight; the three-cell launch uses B5 twice. This is a newly verified package example, not a claim of first discovery."
      ]
    ],
    "pattern:hex-b245s02-c5-three-cell-twin-puffer-launcher": [
      [
        "Verified behaviour",
        "Two live cells and one refractory cell launch two opposite puffers. By generation 30 they have separated from four stationary cells; each puffer then deposits one live cell every six generations."
      ],
      [
        "Interpretation and limits",
        "This is a one-off launch of two moving emitters, not a stationary gun. Generation 30 is the first successful split among tested generations divisible by six, not a universal earliest-decomposition claim. B5 is used twice during ignition."
      ],
      [
        "Pattern provenance and credit",
        "Mixed-state exhaustive campaign, seed mixed-n3-c5-s10. Complete replay gives two opposite certified p6 puffers and four stationary live cells at generation 30. This is a finite launch, not a stationary gun. A related four-live-cell seed had remained unclassified in the earlier exhaustive campaign; no exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b2345s24-c4-p48-traveller": [
      [
        "Verified behaviour",
        "The complete 4-state configuration has least translated period 48, with axial displacement (-32, 16). Its recurrent orbit contains 10-23 live cells and 21-50 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "B5 is inactive throughout this recurrent orbit; the searched rule B2345/S24 is retained. D6/phase comparison excludes matches only within the preceding 33-entry package catalogue. Independent decomposition finds one persistent body plus short-lived sparks, not an independently repeating convoy."
      ],
      [
        "Pattern provenance and credit",
        "Seven-cell exhaustive campaign, seed n7c4s245: seven live cells settle after 16 generations into this exact period-48 ship. The displayed recurrent phase was centred for viewing. Full D6/phase comparison finds no match in the preceding 33-entry hexagonal catalogue. Independent decomposition at every phase confirms one persistent body with short-lived sparks, rather than a convoy of independently recurring ships. No worldwide priority claim is made."
      ]
    ],
    "pattern:hex-b2s0-c3-three-cell-glider": [
      [
        "Verified behaviour",
        "The complete 3-state configuration has least translated period 2, with axial displacement (0, -1). Its recurrent orbit contains 2-3 live cells and 3-5 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Campaign small, enumerated seed 3, recorded trial 101391. Three live cells already form a period-2 spaceship in B2/S0 with three states; complete-state translation is (0,-1). The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b234s1346-c3-four-cell-launcher": [
      [
        "Verified behaviour",
        "The complete 3-state configuration has least translated period 8, with axial displacement (1, 1), after a 9-generation transient. Its recurrent orbit contains 7-19 live cells and 12-27 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Campaign small, enumerated seed 6, recorded trial 120894. Four live cells settle after nine generations into a period-8 spaceship translating (1,1). This is a finite launch, not a periodically emitting gun. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b2456s1345-c4-five-cell-launcher": [
      [
        "Verified behaviour",
        "The complete 4-state configuration has least translated period 43, with axial displacement (-6, 3), after a 6-generation transient. Its recurrent orbit contains 5-32 live cells and 9-48 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Campaign n5, enumerated seed n5s19, recorded trial 525071. Five live cells settle after six generations into a period-43 spaceship translating (-6,3). This is a finite launch, not a periodically emitting gun. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b23s13-c4-p9-knightship-launcher": [
      [
        "Verified behaviour",
        "The complete 4-state configuration has least translated period 9, with axial displacement (5, -4), after a 16-generation transient. Its recurrent orbit contains 7-15 live cells and 15-33 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "The term knightship identifies an oblique displacement outside the hexagonal axes and their bisectors; it does not imply that oblique hexagonal spaceships are historically new."
      ],
      [
        "Pattern provenance and credit",
        "Campaign n6, enumerated seed n6s14, recorded trial 1407298. Six live cells settle after sixteen generations into a period-9 spaceship translating (5,-4). Its oblique heading is outside the edge-axis and angle-bisector directions; this does not establish a first such hexagonal spaceship. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b234s245-c5-p10-knightship-launcher": [
      [
        "Verified behaviour",
        "The complete 5-state configuration has least translated period 10, with axial displacement (1, 2), after a 12-generation transient. Its recurrent orbit contains 7-24 live cells and 22-58 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "Deleting S5 changes R40 to B234/S24 with C = 5 and the same six edge-sharing neighbours. Applied from generation 0 to this seed, that changed rule fails to produce the recorded spaceship. S5 is enabled throughout the original run, although it is needed only during launch and never fires in the eventual cycle. This is a one-off launcher, not a repeating gun."
      ],
      [
        "Pattern provenance and credit",
        "Campaign n6, enumerated seed n6s78, recorded trial 2166518. Six live cells settle after twelve generations into a period-10 spaceship translating (1,2). Survival clause S5 acts during the launch, although inactive in the eventual orbit; removing it before launch destroys the example. This is a finite launch, not a gun. The campaign enumerated connected all-live seeds of one to six cells up to translations, rotations and reflections, with all 8,192 quiescent binary birth/survival rules and state counts 2–6, subject to its documented simulation limits. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-conway-p2": [
      [
        "Verified behaviour",
        "The complete configuration has least period 2, with 4-4 live cells and 4-4 nonzero cells. Its full cycle visits 7 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Recovered campaign provenance: deterministic soup seed hex-conway-v31-2, B3/S23 with six edge neighbours, hexagonal depth 32, density 0.12, transient 6, period 2. The archived soup campaign covered indices 0–4,999 and used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms the curated pattern. The old campaign archive was examined in the handover workspace; it is not part of the fresh release. “Conway” describes the birth/survival rule notation and is not a claim that John Conway discovered this hexagonal pattern. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-conway-p3": [
      [
        "Verified behaviour",
        "The complete configuration has least period 3, with 19-21 live cells and 19-21 nonzero cells. Its full cycle visits 21 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Recovered campaign provenance: deterministic soup seed hex-conway-v31-3851, B3/S23 with six edge neighbours, hexagonal depth 32, density 0.35, transient 28, period 3. The archived soup campaign covered indices 0–4,999 and used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms the curated pattern. The old campaign archive was examined in the handover workspace; it is not part of the fresh release. “Conway” describes the birth/survival rule notation and is not a claim that John Conway discovered this hexagonal pattern. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-conway-p6": [
      [
        "Verified behaviour",
        "The complete configuration has least period 6, with 19-23 live cells and 19-23 nonzero cells. Its full cycle visits 25 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Recovered campaign provenance: deterministic soup seed hex-conway-v31-2813, B3/S23 with six edge neighbours, hexagonal depth 32, density 0.35, transient 39, period 6. The archived soup campaign covered indices 0–4,999 and used a 1,200-generation limit. Exact full-orbit comparison with the archived result confirms the curated pattern. The old campaign archive was examined in the handover workspace; it is not part of the fresh release. “Conway” describes the birth/survival rule notation and is not a claim that John Conway discovered this hexagonal pattern. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-conway-p4": [
      [
        "Verified behaviour",
        "The complete configuration has least period 4, with 14-15 live cells and 14-15 nonzero cells. Its full cycle visits 16 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice. At every cycle phase, 2 further steps give a half-turn of the complete labelled state about the same fixed centre."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Oscillator miner source seed 272632, radius 8, initial density 60%, soup transient 19; the displayed phase is offset 1 within the resulting orbit. The computational evidence files listed for this entry retain the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-conway-p5": [
      [
        "Verified behaviour",
        "The complete configuration has least period 5, with 14-16 live cells and 14-16 nonzero cells. Its full cycle visits 19 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Oscillator miner source seed 1045970, radius 6, initial density 67%, soup transient 10; the displayed phase is offset 0 within the resulting orbit. The computational evidence files listed for this entry retain the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-conway-p8": [
      [
        "Verified behaviour",
        "The complete configuration has least period 8, with 22-25 live cells and 22-25 nonzero cells. Its full cycle visits 27 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Oscillator miner source seed 511247, radius 9, initial density 46%, soup transient 25; the displayed phase is offset 6 within the resulting orbit. The computational evidence files listed for this entry retain the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b34s234-p269": [
      [
        "Verified behaviour",
        "The complete configuration has least period 269, with 25-50 live cells and 25-50 nonzero cells. Its full cycle visits 53 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice. Twenty-nine individual sites have least period 269, so the period is not merely a combination of independent shorter clocks."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Oscillator miner source seed 15338, radius 6, initial density 18%, soup transient 182; the displayed phase is offset 266 within the resulting orbit. The computational evidence files listed for this entry retain the replayable initial state and resulting cycle. Known rule notation does not establish authorship of this exact pattern. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b245s3-p57-pulsator": [
      [
        "Verified behaviour",
        "The complete configuration has least period 57, with 9-99 live cells and 9-99 nonzero cells. Its full cycle visits 231 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Binary campaign seed 20261011, trial 2586, mode 1, transient 7, chosen cycle phase offset 34. The computational evidence files listed for this entry retain the initial state and verification evidence. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b24s3-p128-rotor": [
      [
        "Verified behaviour",
        "The complete configuration has least period 128, with 9-34 live cells and 9-34 nonzero cells. Its full cycle visits 118 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice. At every cycle phase, 64 further steps give a half-turn of the complete labelled state about the same fixed centre."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Binary campaign seed 908020261011, trial 53543, mode 3, transient 25, chosen cycle phase offset 67. The computational evidence files listed for this entry retain the initial state and verification evidence. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b234s3-p4104": [
      [
        "Verified behaviour",
        "The complete configuration has least period 4104, with 12-36 live cells and 12-36 nonzero cells. Its full cycle visits 50 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice. Twenty-six individual sites have least period 4104, excluding an explanation solely as independent shorter clocks."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Binary campaign seed 60520261011, trial 127, mode 2, transient 802, chosen cycle phase offset 2268. The computational evidence files listed for this entry retain the initial state and verification evidence. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b2s3456-c7-p372-rotor": [
      [
        "Verified behaviour",
        "The complete configuration has least period 372, with 7-13 live cells and 12-21 nonzero cells. Its full cycle visits 37 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice. At every cycle phase, 62 further steps give a 60-degree rotation of the complete labelled state about the same fixed centre."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Generations campaign first, random seed 7522551138070962214, trial 75416, original rule B25/S3456, source transient 13. The displayed rule B2/S3456 removes B5, which is inactive throughout the verified periodic orbit. Rule simplification certifies the selected complete-state orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b24s16-c3-p248-breather": [
      [
        "Verified behaviour",
        "The complete configuration has least period 248, with 9-124 live cells and 13-209 nonzero cells. Its full cycle visits 1281 distinct lattice sites. The exact finite return proves indefinite periodic continuation on the unbounded hexagonal lattice. At every cycle phase, 124 further steps give a half-turn of the complete labelled state about the same fixed centre."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "The rule used in the original search was B24/S16, C = 3; this thirteen-cell recurrent phase was retained. No exact earlier pattern match was identified in the literature reviewed to 14 October 2026. Its period-248 recurrence has been independently replayed on the unbounded lattice; this does not establish discovery priority."
      ]
    ],
    "pattern:hex-b23s13-c5-p138-traveller": [
      [
        "Verified behaviour",
        "The complete 5-state configuration has least translated period 138, with axial displacement (0, -8). Its recurrent orbit contains 9-40 live cells and 26-103 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Generations campaign million, random seed 7529271334792788165, trial 106888, original rule B235/S13, source transient 53. The displayed rule B23/S13 removes B5, which is inactive throughout the verified travelling orbit. Rule simplification certifies the selected complete-state orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b234s13-c4-p23-traveller": [
      [
        "Verified behaviour",
        "The complete 4-state configuration has least translated period 23, with axial displacement (10, -5). Its recurrent orbit contains 15-30 live cells and 29-62 nonzero cells. Translation invariance gives indefinite recurrence on the unbounded hexagonal lattice."
      ],
      [
        "Interpretation and limits",
        "No earlier exact-pattern match has been identified; worldwide discovery priority is not established. The browser board is finite. Infinite-lattice conclusions, where given, concern the mathematical hexagonal lattice."
      ],
      [
        "Pattern provenance and credit",
        "Generations campaign first, random seed 7522551138070962214, trial 50, original rule B2345/S135, source transient 15. The displayed rule B234/S13 removes B5 and S5, which are inactive throughout the verified travelling orbit. Rule simplification certifies the selected complete-state orbit; it does not assert that the original preperiodic soup takes the same route under the simplified rule. This identifies the package search that produced the configuration. No exact precedent was identified in the literature reviewed to 14 October 2026."
      ]
    ],
    "pattern:hex-b2s35-p5-traveller": [
      [
        "Verified behaviour",
        "A 12-cell phase of the published B2/S35 hexagonal spaceship translates by one axial cell every five generations; the complete state return is exact."
      ],
      [
        "Interpretation and limits",
        "The exact translated recurrence establishes indefinite travel on the unbounded uniform hexagonal lattice, before any finite-board boundary effect. A different phase or orientation is not a separate discovery."
      ],
      [
        "Pattern provenance and credit",
        "John Cerkan’s 22 January 2016 B2/S35 RLE [15] is 2bo$o3bo$2bo$bo2bo$6bo$2bo2bo$4bo!. Full-orbit comparison under (q,r)=(x,y-x) proves exact equivalence: phase shift 2, rotation by one 60-degree step, no reflection, translation (3,0). Carter Bays’s 2005 paper [11, 19], Figure 3, describes the same rule, period and displacement; its drawing was not independently transcribed. Independent recovery by the package does not make this a new spaceship."
      ]
    ],
    "pattern:hex-b245s3-p10-traveller": [
      [
        "Verified behaviour",
        "This nine-cell two-state spaceship translates by two axial cells every ten generations. Its exact recurrence and the use of every B245/S3 rule clause are verified."
      ],
      [
        "Interpretation and limits",
        "All B245/S3 clauses are used somewhere in the cycle. The finite browser board eventually truncates travel; the unbounded-lattice cycle follows from exact translation recurrence."
      ],
      [
        "Pattern provenance and credit",
        "The exact executable source is Golly’s QuickLife hexagonal example [14], RLE obo$4bo$2bo$bo2bobo$3bo$5bo!. The catalogue is D6-equivalent under (q,r)=(x,y-x); full-state replay verifies period 10 and a two-cell displacement. Carter Bays’s 2005 paper [11, 19], Figure 4, describes the rule and motion. Golly’s page does not name Bays; the executable-source comparison and the earlier scholarly account are separate evidence."
      ]
    ],
    "pattern:hex-b235s146-c4-launcher-traveller": [
      [
        "Verified behaviour",
        "A twelve-cell seed uses three launch-only clauses before settling at generation 21 into an exact period-10 traveller that advances five axial cells per cycle."
      ],
      [
        "Interpretation and limits",
        "This is a one-off launch from the X23 spaceship seed, not a gun. Under R44, births at five live edge-neighbours and survivals at four or six occur only during ignition. Absence from the final cycle does not make those clauses dispensable for launch. John Cerkan’s RLE [15] supplies the parent seed; the changed-rule dynamics are package results."
      ],
      [
        "Pattern provenance and credit",
        "The twelve live-cell coordinates are identical to X23, the B2/S35 spaceship matched to John Cerkan’s published RLE [15]. Carter Bays gives an earlier account of the parent rule and motion [11], Figure 3. The update changes from binary R34 to B235/S146 with four states, R44. The seed settles after 21 generations into a period-10 spaceship translating (-5,0). This is a verified package adaptation; worldwide first discovery of the altered dynamics is not established."
      ]
    ],
    "pattern:hex-b235s134-c5-launcher-traveller": [
      [
        "Verified behaviour",
        "The twelve-cell X23 spaceship seed, now under five-state rule R43, uses seven essential B5 births, then condenses into an eight-to-ten-cell period-4 traveller at generation 58."
      ],
      [
        "Interpretation and limits",
        "Seven births with exactly five live edge-neighbours occur during ignition, last entering generation 32; removing R43:B5 before launch changes the example. This is a one-off launch from John Cerkan’s published X23 seed [15], with a changed rule. Worldwide first discovery of the altered dynamics is not established."
      ],
      [
        "Pattern provenance and credit",
        "The twelve live-cell coordinates are identical to X23, the B2/S35 spaceship matched to John Cerkan’s published RLE [15]. Carter Bays gives an earlier account of the parent rule and motion [11], Figure 3. The update changes from binary R34 to B235/S134 with five states, R43. The seed settles after 58 generations into a period-4 spaceship translating (2,0). The package establishes this adaptation and verifies its launch and complete-state recurrence."
      ]
    ],
    "pattern:hex-b245s35-p25-traveller": [
      [
        "Verified behaviour",
        "An exact B245/S35 spaceship: its complete state shifts by axial (1,1) every 25 generations, with 9–24 live cells during the cycle."
      ],
      [
        "Interpretation and limits",
        "Rediscovery, reorientation and changing the displayed phase do not establish originality. The exact complete-state recurrence guarantees the unbounded-lattice spaceship; the finite display eventually meets its boundary."
      ],
      [
        "Pattern provenance and credit",
        "Published by muzik (2019), independently rediscovered by this package’s search [9]. Outer-totalistic hexagonal rules with spaceships [9] credits muzik (2019) for B245/S35H RLE b3o$bobo$4o$bo!. Independent full-orbit comparison with the catalogue succeeds after phase shift 5, rotation by four 60-degree steps, no reflection and translation (1,1), using (q,r)=(x,y-x). Thus the package’s binary campaign seed 20261011, trial 483, mode 3, transient 57 recovered an already published spaceship. The displayed phase and orientation are not a distinct discovery."
      ]
    ],
    "pattern:hex-b2s34-p48-rotor": [
      [
        "Verified behaviour",
        "Six live cells expand and rearrange into a half-turn after 24 generations, returning exactly after 48. The cycle has 6–16 live cells."
      ],
      [
        "Interpretation and limits",
        "This is one independently evolving component of the pair published by drc. Extracting a component does not make it a new oscillator. The original discoverer, as distinct from this retrieved publication, is not asserted."
      ],
      [
        "Pattern provenance and credit",
        "Published by drc (2016), independently rediscovered by this package’s search [20]. The 18 January 2016 RLE o16bo$obo12b2o$2b2o10bobo$5bo9bo! contains two independently oscillating six-cell components. Catalogue coordinates translated by axial (2,-1) reproduce its first component exactly at generation zero. Extracting that independent component does not create a new oscillator. The package independently recovered it in binary campaign seed 20261011, trial 194, mode 4. Dean Hickerson also mentions earlier work on the rule, but the audit does not assign him priority for this particular oscillator."
      ]
    ],
    "pattern:hex-b246s246-c4-p30-gun": [
      [
        "Verified behaviour",
        "A 12-live-cell seed rebuilds its core every 30 generations while emitting three period-3 spaceships in different directions. Published by confocaloid; ships eventually reach this finite board's edge."
      ],
      [
        "Interpretation and limits",
        "The certificate establishes indefinitely repeated three-way emission on the unbounded hexagonal lattice, not perpetual operation on the finite browser board. Confocaloid published the gun and seed in Hexagonal Generations [8]; the package contributes verification, not authorship."
      ],
      [
        "Pattern provenance and credit",
        "Published by confocaloid (2024) [8]. The package independently verifies indefinite three-way emission. Confocaloid published the twelve-live-cell seed 3A$4A$.3A$2.2A! on 14 October 2024 in Hexagonal Generations Rules. Direct comparison confirms that the catalogue retains exactly the published initial states, after coordinate conversion and translation. The package adds a complete-state emission certificate for the period-30 core and three permanently separating output streams; that verification is not authorship of the gun."
      ]
    ],
    "pattern:hex-b25s34-p20-puffer": [
      [
        "Verified behaviour",
        "The engine advances ten axial cells every 20 generations and leaves a period-2 oscillator behind. Published by Naszvadi, with an earlier pattern noted by Dmitry Maitak. The finite board eventually ends the trail."
      ],
      [
        "Interpretation and limits",
        "The result is an unbounded-lattice puffer certificate. The finite browser eventually ends the trail. Naszvadi’s retrieved 2024 seed is exactly matched; Maitak reports an earlier 2023 occurrence, but the first discoverer is unconfirmed, and no exact seed comparison with that earlier report is available [21, 22]."
      ],
      [
        "Pattern provenance and credit",
        "Published by Naszvadi (2024); Dmitry Maitak points to an earlier 2023 occurrence [16, 21, 22]. The package independently verifies its persistent oscillator trail. Naszvadi’s 1 February 2024 post supplies the exact twenty-three-cell RLE used here and describes it as probably known. Dmitry Maitak’s later response links to a 2023 occurrence. This audit confirms the 2024 source and the report of earlier publication, but does not establish the original discoverer or independently compare the linked 2023 seed. Initial-state comparison confirms translation-only equivalence to the 2024 RLE. The package adds a certificate of period-20 translated core recurrence and independently separating period-2 deposits."
      ]
    ],
    "pattern:hex-b2s1-c3-p999-rotor": [
      [
        "Verified behaviour",
        "A three-state rotating wave first returns after 999 generations, making a 120-degree turn every 333. Published by c0b0p0; all refractory states are part of the rotation."
      ],
      [
        "Interpretation and limits",
        "The full cycle contains 21–129 nonzero cells but only 11–80 live cells. Counting only live cells would discard the refractory information needed for a correct recurrence. The exact published seed is replayed without a novelty claim."
      ],
      [
        "Pattern provenance and credit",
        "Published by c0b0p0 (2014); independently replayed and verified for this package [8]. The Hexagonal Generations Rules post by c0b0p0 dated 27 February 2014 supplies this exact B2/S1 three-state period-999 rotor RLE. The catalogue retains every live and refractory initial state under (q,r)=(x,y-x), followed only by a centring translation. The full-state dynamics are therefore a replay of the published object, not a new package discovery."
      ]
    ],
    "pattern:hex-b23s4-p13-traveller": [
      [
        "Verified behaviour",
        "John Cerkan's B23/S4 spaceship returns exactly with axial shift (1,1) every 13 generations, using at most 15 live cells."
      ],
      [
        "Interpretation and limits",
        "The verified translation recurrence establishes a spaceship on the unbounded lattice. The package does not claim discovery of the seed or its dynamics."
      ],
      [
        "Pattern provenance and credit",
        "Published by John Cerkan (2020); independently replayed and verified for this package [9]. John Cerkan’s 15 March 2020 post in Outer-totalistic hexagonal rules with spaceships gives RLE o3bo$bo2bo$2b3o$2bo2bo! for B23/S4H. The catalogue is exactly this nine-cell published seed after (q,r)=(x,y-x) and a centring translation. The exact period and displacement were independently replayed. The published seed is in Cerkan’s 15 March 2020 contribution to the thread in reference [9]."
      ]
    ],
    "pattern:hex-b2s1-c3-p158-traveller": [
      [
        "Verified behaviour",
        "Published by c0b0p0: this three-state spaceship changes shape dramatically and doubles back locally, then repeats its complete state shifted by axial (-11,22) after 158 generations."
      ],
      [
        "Interpretation and limits",
        "The live population sequence happens to repeat after 79 steps, but population is not a state: the least complete-state translational period is 158. The published c0b0p0 seed includes refractory states and is not a package discovery."
      ],
      [
        "Pattern provenance and credit",
        "Published by c0b0p0 (2014); independently replayed and verified for this package [8]. The Hexagonal Generations Rules post by c0b0p0 dated 27 February 2014 supplies this exact B2/S1 three-state period-158 spaceship RLE. The catalogue retains every live and refractory initial state under (q,r)=(x,y-x), followed only by a centring translation. The full-state dynamics are therefore a replay of the published object, not a new package discovery."
      ]
    ],
    "pattern:hex-b2s34-wall-repair": [
      [
        "Verified behaviour",
        "Dean Hickerson's oscillating wall repairs one missing cell. Its damaged evolution rejoins the pristine period-5 wall exactly at generation 44, after the exterior debris has disappeared."
      ],
      [
        "Interpretation and limits",
        "The evidence concerns this specific one-cell defect. It does not establish recovery from arbitrary damage. Dean Hickerson’s 20 January 2016 post [15] supplies this damaged seed and describes its repair."
      ],
      [
        "Pattern provenance and credit",
        "Self-repairing wall published by Dean Hickerson (2016) [15, 23]. The package independently verifies recovery of the complete state. The 20 January 2016 post supplies the exact damaged-wall RLE used here. Direct coordinate comparison confirms the catalogue changes only embedding and centring. Independent replay of damaged and pristine walls shows full-state reunion at generation 44, including exterior debris. Hickerson describes earlier investigations of the rule, but this audit dates the retrieved public example to 2016 rather than assigning an unverified earlier discovery date."
      ]
    ],
    "pattern:hex-b2s34-p2044-billiard": [
      [
        "Verified behaviour",
        "Dean Hickerson's narrow B2/S34 enclosure contains a bouncing, branching signal with exact period 2,044. The construction illustrates an XOR-like one-dimensional evolution inside a hexagonal board."
      ],
      [
        "Interpretation and limits",
        "This is a published bounded oscillator, not a newly discovered XOR mechanism. Exact recurrence includes the walls as well as the moving internal signal."
      ],
      [
        "Pattern provenance and credit",
        "Period-2044 billiard table published by Dean Hickerson (2016); independently verified for this package [15, 23]. The 20 January 2016 post supplies the exact B2/S34H period-2044 billiard-table RLE used here and describes the one-dimensional XOR behaviour inside its walls. Direct coordinate comparison confirms the catalogue changes only embedding and centring. The package’s long complete-state replay verifies the published oscillator; it does not establish a new oscillator or a new XOR mechanism."
      ]
    ],
    "pattern:hex-parity-seven-copy": [
      [
        "Verified behaviour",
        "Under binary B135/S0246 the next state is the XOR of the centre and its six neighbours. At times 2^k the evolution equals the XOR of seven translations of the seed. For this seed these seven copies are disjoint at times 8, 16 and 32, with 21 live cells."
      ],
      [
        "Interpretation and limits",
        "At other times, populations may exceed 21 and translated copies can overlap modulo 2."
      ],
      [
        "Pattern provenance and credit",
        "The three-live-cell initial pattern was assembled for the package, not mined from a soup or imported as an attributed published pattern. B135/S0246 computes the XOR of the centre and six neighbours. Over GF(2), powers of two of this linear update yield translated copies, giving the seven-copy demonstration once their supports are disjoint. The package claims this illustrative arrangement and its exact verification only; neither XOR replication nor the underlying algebra is a new principle. No external source is asserted for this particular seed."
      ]
    ],
    "pattern:square-block": [
      [
        "Verified behaviour",
        "The four-cell block is unchanged after every update: an exact period-1 still life in Conway Life."
      ],
      [
        "Interpretation and limits",
        "This is a standard still life. Its fixed-state identity is exact and is independent of the distant finite boundary."
      ],
      [
        "Pattern provenance and credit",
        "The standard four-cell block appears in Martin Gardner’s original Conway Life article (1970) [13] and Stephen Silver’s Life Lexicon [24]. The package changes only its placement. These sources are cited for the published pattern, without assigning an individual discoverer."
      ]
    ],
    "pattern:square-blinker": [
      [
        "Verified behaviour",
        "The smallest Conway oscillator alternates between horizontal and vertical lines."
      ],
      [
        "Interpretation and limits",
        "Exact first return at generation 2 establishes the least temporal period. It is a standard published oscillator."
      ],
      [
        "Pattern provenance and credit",
        "Stephen Silver’s Life Lexicon [24] credits the blinker to John H. Conway. The period-2 three-cell oscillator also appears in Martin Gardner’s original Conway Life article [13]. The package uses its standard horizontal phase, translated for display."
      ]
    ],
    "pattern:square-pulsar": [
      [
        "Verified behaviour",
        "A symmetric 48-cell Conway oscillator with exact first-return period 3."
      ],
      [
        "Interpretation and limits",
        "The quoted period is for the complete state, not merely its population or appearance. This is the classical published pulsar."
      ],
      [
        "Pattern provenance and credit",
        "Stephen Silver’s Life Lexicon [25] credits the pulsar to John H. Conway. Martin Gardner’s original Conway Life article [13] describes its 48-cell phase. The package uses that published phase; placement and playback settings are package choices."
      ]
    ],
    "pattern:square-pentadecathlon": [
      [
        "Verified behaviour",
        "A compact Conway oscillator whose complete state first returns after 15 generations."
      ],
      [
        "Interpretation and limits",
        "The complete state first returns after 15 updates. The package supplies a phase of the classical oscillator, not a newly discovered seed."
      ],
      [
        "Pattern provenance and credit",
        "Stephen Silver’s Life Lexicon, entry “pentadecathlon” [25], credits John H. Conway’s 1970 investigation of short rows. This is the published twelve-cell oscillator phase; the ten-cell row is a predecessor, not the displayed phase."
      ]
    ],
    "pattern:square-glider": [
      [
        "Verified behaviour",
        "The traditional Conway glider translates by one square in each axis every four generations."
      ],
      [
        "Interpretation and limits",
        "Translation symmetry of the unbounded square lattice makes the verified translated recurrence repeat indefinitely there. On the finite browser board the glider eventually reaches the boundary."
      ],
      [
        "Pattern provenance and credit",
        "Stephen Silver’s Life Lexicon, entry “glider” [26], explicitly credits Richard K. Guy. The package seed is a rotated and translated standard glider phase. No discovery year is asserted here."
      ]
    ],
    "pattern:square-lwss": [
      [
        "Verified behaviour",
        "The nine-cell LWSS translates two squares horizontally every four Conway generations."
      ],
      [
        "Interpretation and limits",
        "The infinite-lattice conclusion follows from the exact translated recurrence. The finite browser board is not infinite and eventually obstructs the flight."
      ],
      [
        "Pattern provenance and credit",
        "Stephen Silver’s Life Lexicon, entry “LWSS” [27], credits John H. Conway’s 1970 discovery of the lightweight spaceship. The package uses the published nine-cell phase, translated for display, under ordinary B3/S23."
      ]
    ],
    "pattern:square-highlife-replicator": [
      [
        "Verified behaviour",
        "At generation 12, the complete state is exactly the disjoint union of two copies of the 12-cell initial seed, translated by (-2,-2) and (2,2) in square coordinates. This is the established B36/S23 HighLife replicator."
      ],
      [
        "Interpretation and limits",
        "The direct check establishes the stated replication event. It does not by itself prove independent binary doubling forever: copies later interact, and the finite board limits growth."
      ],
      [
        "Pattern provenance and credit",
        "David Eppstein’s Replicators: HighLife [17] credits this replicator to Nathan Thompson in 1994. David Bell subsequently documented and investigated HighLife; he is not credited as this seed’s discoverer. The package uses the published twelve-cell seed [28] and independently checks its two-copy return after twelve generations."
      ]
    ],
    "pattern:square-diehard": [
      [
        "Verified behaviour",
        "A famous seven-cell Conway methuselah that vanishes exactly at generation 130."
      ],
      [
        "Interpretation and limits",
        "This is an extinction transient, not an oscillator. The retained seed matches the classical published diehard; no individual discoverer is assigned without a source."
      ],
      [
        "Pattern provenance and credit",
        "The seven-cell seed matches diehard in Stephen Silver’s Life Lexicon [29] exactly after translation. Its extinction at generation 130 is independently checked. The consulted source does not establish an individual discoverer; no personal attribution or new-discovery claim is made."
      ]
    ],
    "pattern:square-r-pentomino": [
      [
        "Verified behaviour",
        "The standard five-cell seed remains active through generation 1,103 on the supplied finite board. Independent square-lattice replay first differs from that board at generation 641; at generation 1,103 the infinite-lattice and finite-board populations are 116 and 111 respectively."
      ],
      [
        "Interpretation and limits",
        "The browser uses a finite 301 by 301 board with a permanently dead outer ring. The endpoint and population of that run must not be presented as the infinite-plane final census; escaping objects can encounter its boundary."
      ],
      [
        "Pattern provenance and credit",
        "Martin Gardner’s original Conway Life article [13] documents John H. Conway’s study of the R-pentomino; Stephen Silver’s Life Lexicon [30] records the same five-cell shape. Its finite-board check establishes activity through generation 1,103, not equality with the infinite-plane final census."
      ]
    ],
    "pattern:square-acorn": [
      [
        "Verified behaviour",
        "The published seven-cell seed remains active through generation 5,206 on the supplied finite board. Independent square-lattice replay first differs from that board at generation 812; at generation 5,206 the infinite-lattice and finite-board populations are 633 and 620 respectively."
      ],
      [
        "Interpretation and limits",
        "The browser uses a finite 301 by 301 board with a permanently dead outer ring. Activity at generation 5,206 is a finite-board observation, not a certification of the infinite-plane ash or its stabilisation time."
      ],
      [
        "Pattern provenance and credit",
        "Robert Wainwright’s Lifeline No. 3 (1971), page 12 [31], credits Acorn to Charles L. Corderman; Wainwright supplied the name. Stephen Silver’s Life Lexicon [32] records the same seven-cell seed. The package translates it for display and checks finite-board activity through 5,206 generations, not the infinite-plane final ash."
      ]
    ]
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      "bottom": 206.09
    },
    {
      "page": 74,
      "label": "hex-b24s3-p128-rotor",
      "bottom": 193.79
    },
    {
      "page": 75,
      "label": "hex-b234s3-p4104",
      "bottom": 181.69
    },
    {
      "page": 76,
      "label": "hex-b2s3456-c7-p372-rotor",
      "bottom": 157.09
    },
    {
      "page": 77,
      "label": "hex-b24s16-c3-p248-breather",
      "bottom": 193.99
    },
    {
      "page": 78,
      "label": "hex-b23s13-c5-p138-traveller",
      "bottom": 157.29
    },
    {
      "page": 79,
      "label": "hex-b234s13-c4-p23-traveller",
      "bottom": 157.29
    },
    {
      "page": 80,
      "label": "hex-b2s35-p5-traveller",
      "bottom": 167.99
    },
    {
      "page": 81,
      "label": "hex-b245s3-p10-traveller",
      "bottom": 192.39
    },
    {
      "page": 82,
      "label": "hex-b235s146-c4-launcher-traveller",
      "bottom": 127.89
    },
    {
      "page": 83,
      "label": "hex-b235s134-c5-launcher-traveller",
      "bottom": 127.89
    },
    {
      "page": 84,
      "label": "hex-b245s35-p25-traveller",
      "bottom": 170.99
    },
    {
      "page": 85,
      "label": "hex-b2s34-p48-rotor",
      "bottom": 167.79
    },
    {
      "page": 86,
      "label": "hex-b246s246-c4-p30-gun",
      "bottom": 157.29
    },
    {
      "page": 87,
      "label": "hex-b25s34-p20-puffer",
      "bottom": 115.59
    },
    {
      "page": 88,
      "label": "hex-b2s1-c3-p999-rotor",
      "bottom": 154.09
    },
    {
      "page": 89,
      "label": "hex-b23s4-p13-traveller",
      "bottom": 185.09
    },
    {
      "page": 90,
      "label": "hex-b2s1-c3-p158-traveller",
      "bottom": 159.09
    },
    {
      "page": 91,
      "label": "hex-b2s34-wall-repair",
      "bottom": 131.29
    },
    {
      "page": 92,
      "label": "hex-b2s34-p2044-billiard",
      "bottom": 143.59
    },
    {
      "page": 93,
      "label": "hex-parity-seven-copy",
      "bottom": 221.59
    },
    {
      "page": 94,
      "label": "square-block",
      "bottom": 229.29
    },
    {
      "page": 95,
      "label": "square-blinker",
      "bottom": 229.29
    },
    {
      "page": 96,
      "label": "square-pulsar",
      "bottom": 168.59
    },
    {
      "page": 97,
      "label": "square-pentadecathlon",
      "bottom": 217.19
    },
    {
      "page": 98,
      "label": "square-glider",
      "bottom": 244.79
    },
    {
      "page": 99,
      "label": "square-lwss",
      "bottom": 244.79
    },
    {
      "page": 100,
      "label": "square-highlife-replicator",
      "bottom": 192.59
    },
    {
      "page": 101,
      "label": "square-diehard",
      "bottom": 216.99
    },
    {
      "page": 102,
      "label": "square-r-pentomino",
      "bottom": 192.39
    },
    {
      "page": 103,
      "label": "square-acorn",
      "bottom": 176.89
    },
    {
      "page": 104,
      "label": "rule-index-0",
      "bottom": 106.79
    },
    {
      "page": 105,
      "label": "rule-index-1",
      "bottom": 96.29
    },
    {
      "page": 106,
      "label": "rule-register-0",
      "bottom": 197.89
    },
    {
      "page": 107,
      "label": "rule-register-1",
      "bottom": 210.19
    },
    {
      "page": 108,
      "label": "rule-register-2",
      "bottom": 210.19
    },
    {
      "page": 109,
      "label": "rule-register-3",
      "bottom": 89.99
    },
    {
      "page": 110,
      "label": "rule-register-4",
      "bottom": 138.19
    },
    {
      "page": 111,
      "label": "rule-register-5",
      "bottom": 222.49
    },
    {
      "page": 112,
      "label": "rule-register-6",
      "bottom": 191.49
    },
    {
      "page": 113,
      "label": "rule-register-7",
      "bottom": 194.69
    },
    {
      "page": 114,
      "label": "rule-register-8",
      "bottom": 210.19
    },
    {
      "page": 115,
      "label": "rule-register-9",
      "bottom": 170.09
    },
    {
      "page": 116,
      "label": "rule-register-10",
      "bottom": 166.89
    },
    {
      "page": 117,
      "label": "rule-register-11",
      "bottom": 151.39
    },
    {
      "page": 118,
      "label": "rule-register-12",
      "bottom": 166.89
    },
    {
      "page": 119,
      "label": "rule-register-13",
      "bottom": 166.89
    },
    {
      "page": 120,
      "label": "rule-register-14",
      "bottom": 139.09
    },
    {
      "page": 121,
      "label": "rule-register-15",
      "bottom": 179.19
    },
    {
      "page": 122,
      "label": "rule-register-16",
      "bottom": 182.39
    },
    {
      "page": 123,
      "label": "rule-register-17",
      "bottom": 206.99
    },
    {
      "page": 124,
      "label": "rule-register-18",
      "bottom": 386.09
    },
    {
      "page": 125,
      "label": "reproduce",
      "bottom": 218.79
    },
    {
      "page": 126,
      "label": "integrity",
      "bottom": 366.69
    },
    {
      "page": 127,
      "label": "references-0",
      "bottom": 395.79
    },
    {
      "page": 128,
      "label": "references-1",
      "bottom": 409.09
    },
    {
      "page": 129,
      "label": "references-2",
      "bottom": 394.29
    },
    {
      "page": 130,
      "label": "references-3",
      "bottom": 394.29
    },
    {
      "page": 131,
      "label": "references-4",
      "bottom": 409.09
    },
    {
      "page": 132,
      "label": "references-5",
      "bottom": 423.89
    },
    {
      "page": 133,
      "label": "references-6",
      "bottom": 468.29
    },
    {
      "page": 134,
      "label": "references-7",
      "bottom": 438.69
    },
    {
      "page": 135,
      "label": "references-8",
      "bottom": 576.49
    }
  ]
}

