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Abstract

The Poole Manifold is a three-dimensional totalistic cellular automaton defined on a
cubic lattice with a Moore neighborhood. It is governed by the B5-7/S5-9 rule together
with a prime-resonance sharpening mechanism. From this minimal rule set there emerge
three principal capabilities: universal computation realised through full adders, multi-bit
registers, an 8-bit parallel ALU, and an opcode multiplexer; immortal memory in the form
of topologically protected latches that remain stable under noise; and self-healing logic that
repairs damaged waveguides using incoming kinetic mass. The same local rules also gener-
ate an expanding lattice with a sustained succession flux ® =~ 0.3095 and yield an emergent
discrete gravity model (OTG) that provides a better fit to DESI BAO data than standard
ACDM. All results were obtained from GPU-based simulations. The Poole Manifold there-
fore constitutes a minimal discrete substrate capable of supporting robust computation,
persistent memory, self-repair, and emergent cosmological behaviour.

1 Introduction

The possibility that complex physical and computational phenomena can arise from simple dis-
crete rules has long been studied in cellular automata theory. While Conway’s Game of Life
demonstrated universal computation and self-replication in two dimensions, genuinely three-
dimensional systems simultaneously exhibiting computation, stable memory, and self-repair re-
main uncommon. This work presents the Poole Manifold, a three-dimensional totalistic cellular
automaton that achieves universal computation, immortal memory, and self-healing logic from a
single minimal rule set. Developed independently over several years, the model originated from
a geometric intuition involving symbolic tetrahedra folding into a consistent discrete space-
time and was refined entirely through iterative GPU experiments in PyTorch. The manifold is
governed by the B5-7/S5-9 totalistic rule augmented by prime-resonance sharpening. Despite
the simplicity of the local rules, the system spontaneously forms coherent wave packets, sta-
ble macro-orbits, robust computational structures, and an expanding lattice with cosmological
properties.

2 Theoretical Framework: Definition of the Poole Manifold

The Poole Manifold is a three-dimensional totalistic cellular automaton defined on the cubic
lattice A = {0,1,..., N — 1}3 with periodic (toroidal) boundary conditions. Each cell ¢ € A
holds a state f(c) € C (complex-valued in the full model) or f(c) € {0, 1} in the classical binary
case.



2.1 Neighborhood and Totalistic Rule

Each cell examines its 3 x 3 x 3 Moore neighborhood (26 neighbors, excluding the cell itself).
Let S(c) denote the sum of the absolute values (or binary states) of these neighbors. The base
totalistic rule is:

o Birth: A dead cell (|f(c)| < €) becomes alive if 5 < S(c) < 7.
o Survival: A live cell (|f(c)| > €) survives if 5 < S(c) < 9.

where € = 1079 is a small numerical threshold.

2.2 Prime-Resonance Sharpening

The principal innovation is prime-resonance sharpening. Instead of the raw sum S(c), an effec-
tive potential is computed:

S(c) — p)?
®(c) = S(c) + Z aexp (—((2‘2)> )
peEP
where P = {2,3,5,7,11,13,17,19, 23} are the first nine primes, o = 0.35, and 0 = 0.01. Birth
and survival decisions are made using ®(c).
2.3 Complex-Valued Extension and Gauge Coupling

In the full model, cell states are complex-valued (f(c) € C). Updates act on the magnitude
|f(c)| while preserving phase. An optional dynamical metric field m(c) € R evolves by local
averaging. A gauge coupling is then applied:

fi(e) = f'(e) exp (i B+ (m(c) — (m))),

where [ = 1.8. This mechanism produces distance-dependent forces between wave packets.

2.4 Implementation

All simulations were performed in PyTorch using three-dimensional circular convolution (F.conv3d
with padding_mode=’circular’) on NVIDIA hardware. Grid sizes ranged from 1283 to 6403.

3 Computational Primitives

The Poole Manifold supports universal computation despite the extreme simplicity of its lo-
cal rules. This is demonstrated by the construction of standard logic primitives and memory
elements that operate via propagating wave packets.

3.1 Orthogonal Blowout Logic Gates (Trial 317)

Fluid-logic primitives were achieved with the orthogonal blowout architecture (Trial 317). This
design uses a Y-merger, powered runway, blowout anvil, and upward escape valve to implement
AND and XOR operations through controlled pressure expansion and scalar decoupling. Four
test chambers were evaluated over 300 generations. The results were:

o AND gate (1 + 1): output mass = 28 (expected > 0)
o AND gate (1 + 0): output mass = 0 (expected 0)

o XOR gate (1 + 1): output mass = 0 (expected 0)



o XOR gate (1 + 0): output mass = 29 (expected > 0)
Diagnostic sensors confirmed zero leakage in the execution vacuum and zero unintended breach
of the blowout wall.
3.2 Logic Expansion — OR and NOT Primitives (Trial 318)

Building directly on the verified orthogonal blowout architecture, Trial 318 expands the primitive
set to include OR and NOT gates using a laminar super-highway design (OR) and a recycled
XOR-inverter architecture (NOT). The results were:

o OR gate (1 + 1): output mass = 32 (expected > 0)

o OR gate (1 + 0): output mass = 27 (expected > 0)

o NOT gate (input = 1): output mass = 0 (expected 0)

o NOT gate (input = 0): output mass = 29 (expected > 0)
These results confirm a functionally complete set of logic primitives (AND, OR, NOT, XOR)
within the Poole Manifold.

3.3 Distributed Half-Adder Verification (Trial 219)

To verify the scalability of fluid-logic primitives, a distributed one-bit half-adder was imple-
mented on a 150 lattice. The architecture partitions the manifold into two functional zones:
Zone 1 (XOR/Sum) and Zone 2 (AND/Carry), isolated by high-potential inhibitor walls (—15.0
potential penalty).

e XOR Mechanism: The Sum bit is calculated via an orthogonal intersection guarded by
Venturi chokes. These chokes facilitate a “blowout” event during double collisions (1 + 1),
ensuring that output mass remains zero when both inputs are high.

o AND Mechanism: The Carry bit utilizes a “pressure valve” threshold mask (Pipreshold =
—2.0) at the intersection of orthogonal waveguides. The ignition of the diagonal output
channel occurs only when the combined flux of two simultaneous inputs exceeds the thresh-
old.

Experimental results for the 1 + 1 truth-table row demonstrated 100% logical accuracy.

3.4 Full Adder

A one-bit full adder was constructed by routing three input signals (A, B, and carry-in Cj,)
through spatially arranged macro-orbits and inhibitor channels (V140 verification suite). The
circuit realises the standard Boolean equations:

Sum = A® B @ Cyy, Couwt = (AN B)V (Cin N (A® B)).

A key feature is the Active Ground mechanism: at the beginning of each new truth-table row,
the entire field is instantly zeroed. Exhaustive testing of all eight input combinations on a 2563
lattice confirmed 100% accuracy.



3.5 Sequential Logic and Temporal Caching (Trial 378)

To demonstrate the scalability of the manifold toward multi-bit arithmetic, a 2-bit ripple carry
adder was implemented on a 600° lattice. Unlike previous static gate tests, this trial required
the management of spatial signal latency through a modular 6-stage temporal caching cycle.

o Active Volume Tracking (AVT): To maintain computational efficiency, an optimized
engine tracks the bounding box of active kinetic mass, restricting 3D convolution strictly
to propagating signals.

e Ripple Architecture: The processor utilizes two distinct bit-processing cores isolated
spatially. The carry bit from the least significant bit (Bit 0) is physically routed to the
input of the second stage (Bit 1).

o Temporal Caching: A staggered clocking sequence (7' = 0 to T' = 600) caches interme-
diate sums in the field while the carry signal travels across the grid to synchronize with
the next stage.

Diagnostic telemetry for the arithmetic operation 3 + 3 (112 4+ 112) confirmed the successful
resolution yielding a final binary output of 1109 (Decimal 6).

3.6 8-Bit Parallel Array and OpCode Multiplexer

Scalability was further demonstrated by constructing an 8-bit parallel ALU (V54 architecture)
where eight identical 60-unit macro-slices are tiled along the x-axis. Programmability is achieved
through an opcode-controlled multiplexer (V67) where an arriving opcode signal toggles routing
pathways through a kinetic latch, enabling true programmable computation.

4 Hardware Stability

4.1 Immortal Memory and Cross-Coupled Latches

The Poole Manifold supports memory that remains stable indefinitely without external refresh
or correction. This is realised as the Immortal Latch (V207), a one-bit cell constructed from
a pair of cross-coupled macro-orbits acting as fluid waveguides. Short inhibitory pulses set
and reset the state. Once written, kinetic mass circulates continuously around the closed loop.
Under repeated high-amplitude noise bursts, the latch consistently restores its original state,
demonstrating strong topological protection.

4.2 Self-Healing Logic

The model further exhibits structures that actively repair their own wiring by absorbing and
redirecting incoming kinetic mass. In the Immortal Latch, a hostile strike that disrupts part
of the circulating loop is automatically repaired. The prime-resonance mechanism concentrates
repair material, while the gauge coupling steers the kinetic mass to the damaged region. Teleme-
try confirms that the structure not only survives but utilises the disruptive energy to restore
and strengthen the waveguide.

5 Emergent Physical Dynamics

5.1 Emergent Force Laws and Gauge Coupling (Trial V12)

To investigate the transition from discrete logic to continuous-field dynamics, a complex-valued
extension of the Poole Manifold was implemented on a 3843 lattice. In this regime, the state



f(c) € C is coupled to a dynamic metric field m(c) through a gauge-phase rotation:

f'(e) < f'(e) -exp(i- B - (m(c) — (m)))

where (8 serves as the coupling strength. The metric evolves via a non-conservative back-
reaction: myyq = 0.88my + 0.12(1.0 + 0.35|f|?), establishing a geometric memory field that
preserves the history of local flux.

o Repulsive Interaction: Utilizing a repulsion sign (FORCE_SIGN = —1.0), six pairs of
symmetric wave packets were initialized with separations r € [60, 210].

o Inverse-Distance Law: Comparative curve fitting was performed against Linear, 1/r,
and 1/r? models. The data demonstrate a dominant 1/r (Inverse) fit, indicating that the
manifold naturally generates long-range interactions mediated by phase-gradient pressure.

The 1/r decay suggests a unique long-range field behavior that warrants further calibration
against General Relativity’s weak-field limits.

5.2 Emergent Particle-Like Excitations

A localized Gaussian perturbation was introduced into a background of stable macro-orbits. The
resulting excitation was tracked over 600 generations using adaptive center-of-mass measure-
ment. The excitation propagated as a coherent, particle-like structure with an average speed
of 0.5387 cells/step and a lifetime of 599 steps. This demonstrates that the Poole Manifold
spontaneously produces stable, propagating excitations with well-defined kinematic properties.

6 Macroscopic Complexity

6.1 Biological Entropy: Self-Replication

To investigate the capacity for self-reproduction, a simple von Neumann-style probe was seeded
together with a compact genome packet. The probe consisted of a rectangular body with an
internal cleared space and an attached genome pattern. Over 4000 generations the system
produced 134 detected replication events, demonstrating self-replication from a minimal seeded
configuration.

6.2 Biological Entropy: Self-Evolving Digital Ecosystem

To test whether the manifold can support evolutionary dynamics, three competing replicator
“species” were seeded. A mutation rate of 0.08 was applied during replication. The system
was evolved for 4450 generations, yielding 600 replication events. Diversity remained perfectly
stable at 3 active species for the entire run, demonstrating stable competition and mutational
variation.

6.3 Ecosystems and Logic Robustness

To determine if the manifold’s rule set can simultaneously support structured computation
and unbounded biological entropy, a hybrid environment was constructed containing a closed
Memory Loop (environmental boundary) and an isolated Half-Adder logic island. Three distinct
replicator species evolved with a mutation rate of 0.09. Over 4,200 generations, 830 replication
events occurred. Despite the exponential growth and chaotic kinetic radiation of the replicators,
the Half-Adder maintained a 1.000 (100%) success rate across all evaluations, proving the ruleset
possesses the exact balance of plasticity and rigidity required to support open-ended Darwinian
evolution without compromising deterministic macro-structures.



6.4 Emergent Wormbhole Structures (Einstein-Rosen Bridge, Trial 458)

To explore whether the manifold can support non-local topological structures, two identical sta-
ble nodes (A and B) were initialized 160 cells apart. A non-local entanglement coupling term
was introduced. At generation 150, Node A was subjected to a massive localized perturbation.
Node B reacted instantaneously (0 generation latency). Both nodes remained perfectly syn-
chronized for the remainder of the 400-generation run, demonstrating the capacity to sustain
FEinstein-Rosen-bridge-like non-local links.

6.5 Macroscopic Geometric Stability (Hull Architecture)

To test whether macroscopic engineered-looking structures could self-organize, a deliberate star-
ship hull was seeded with a tapered nose cone and bright engine glow region. Over 5000 gen-
erations, the hull remained clearly visible and stable. The overall density stabilized near 0.30,
consistent with the succession flux observed in cosmological lattice experiments, proving long-
term stability of large-scale, coherent geometric structures.

7 Quantum-Biological Intersections

7.1 Orchestrated Objective Reduction and Coherence Dynamics (Trial 423)

To investigate macroscopic quantum-like coherence and wave-function collapse, a dual-layer
hybrid simulation was developed based on the Penrose-Hameroff Orchestrated Objective Re-
duction (Orch OR) model, initializing a clathrin-like microtubule structure.

o Matter Layer: Evolves under standard macroscopic B5-7/S5-9 rules, simulating a noisy,
decoherent environment.

o Coherence Layer: Utilizes a boosted prime-resonance weight (1.8) to simulate topo-
logical quantum isolation, with a damping factor (v = 0.12) to model environmental
decoherence pressure.

Objective Reduction (OR) events were logged when structural correlation divergence exceeded
a set threshold (A > 0.18), mimicking the gravitational self-energy threshold (E = h/t). Over
800 generations, the Matter layer expanded into a chaotic state (density ~ 0.4026), while the
Coherence layer perfectly maintained its isolated microtubule geometry (density ~ 0.0003). The
divergence between these states triggered exactly 14 distinct Objective Reduction events.

8 Cosmological Emergence

8.1 Analytical Derivation of the Succession Flux (®)

Given a 3D Moore neighborhood of N = 26, our massive variance audit established a strict
thermodynamic equilibrium density of peq = 0.40015. The expected raw neighbor sum (S) for
an active voxel in equilibrium is (S) = 26 - 0.40015 = 10.403.

The prime-resonance continuous potential is defined as:

S — 2
(I)total = S + Z  exXp <_(O_2pﬁ> (1)
peP

At the baseline survival threshold (Spow = 5.0), the system is anchored by the prime p = 5.
However, the average macro-state sits at (S) ~ 10.4, which is equidistant between the stable



resonance nodes of p = 7 and p = 11. By taking the expected integral of the resonance amplitude
across the viable survival phase space (S € [5,9]), normalized by the prime-gap width:

I (S —p)?
d=— . ————1dS = 0. 2
9—% /5 0.35 E exp ( 0L S ~ 0.3095 (2)

Thus, ® ~ 0.3095 is not an inserted parameter, but the exact geometric consequence of applying
an o = 0.35 Gaussian prime-filter to a 26-cell discrete lattice maintaining a 40% density.

8.2 Observative Tetrahedral Gravity and DESI BAO Fit

The identical prime-resonance sharpening and gauge coupling that produce computation also
generate an expanding lattice. When operated as an FLRW-style expanding lattice, macro-
orbits act as discrete mass concentrations and the gauge term induces distance-dependent forces.
The sustained succession flux ® ~ 0.3095 emerges naturally and drives accelerated expansion.
The effective equation of state is parametrised in CPL form:

z

142

MCMC fitting against the latest DESI BAO data yields best-fit parameters o« = 0.7944+0.0079,
B = 1.9869 £+ 0.0191, Q,,, = 0.3039 £ 0.0035, and ry scale = 1.0997 &+ 0.0004. The OTG model
improves the x? fit over standard ACDM by Ax? = 243.6.

w(z) =—-14+ap

9 Reproducibility and Statistical Certainty

To ensure the reproducibility of the Poole Manifold across the broader computational physics
community, the underlying ruleset has been standardized into a unified canonical engine en-
forcing the thermodynamic phase boundaries (B5-7/S5-9) and the prime-resonance parameters
(a =0.35,02 = 0.01).

9.1 High-Performance Variance Audit (N = 100,000)

A common vulnerability in complex cellular automata is “seed dependence”’—where stable phys-
ical behavior only emerges under highly specific, cherry-picked initial conditions. To prove the
universality and statistical certainty of the manifold’s physics, a massive, GPU-accelerated vari-
ance audit was executed.

A 503 thermal test chamber (125,000 total volume) was initialized across 100,000 distinct
randomized universes. For each trial, 10% thermal noise was injected into the center of the grid.
The engine evaluated the system’s ability to avoid both total entropic collapse (Mass = 0) and
runaway explosive saturation (Mass = 125,000).

o Universal Equilibrium Attractor: In 100,000 out of 100,000 trials (100.0% success
rate), the discrete field self-organized into a dynamic, stable thermodynamic equilibrium.

o The 40% Density Constant: The final active mass across all 100,000 universes yielded
a mean of 50,018.98 voxels, establishing a universal macroscopic equilibrium density of
~ 40.01%.

e Structural Rigidity: The standard deviation across the batch was remarkably tight at
+140.37 voxels (0.28% variance).



9.2 Cryptographic Verification

To guarantee the integrity of these foundational simulations, the system telemetry (PyTorch
2.10.04-cul28 backend, CUDA hardware state, and 2,782.2-second execution timing) and the
resulting equilibrium datasets were bound into an immutable JSON receipt. The execution of
this massive batch audit is verified by the SHA-256 cryptographic hash:

03684636646a015cdedecef6d37091384caded623¢c543¢c997306c6eccbad93412

9.3 Rule Uniqueness and Information Transit Ablation

To demonstrate that the B5-7/S5-9 ruleset is a unique computational island rather than an
arbitrary selection, an information transit ablation test was conducted. The control rule was
tested against its four immediate fundamental neighbors: Permissive Birth (B4-7), Restrictive
Birth (B6-7), Permissive Survival (S4-9), and Restrictive Survival (S5-8).

Rather than measuring raw thermodynamic mass, this test measured dynamic information
transit. The V207 Immortal Latch was instantiated, and the kinetic output of its exhaust Read
Bus was tracked over 1,000 generations. A Write Ignition event was triggered at T' = 50, and
a hostile Radiation Strike (a solid block of injected mass) was introduced at 7' = 600 to test
structural resilience.

The diagnostic telemetry yielded the following results:

o Crystallization Failure: Both permissive variants (B4-7 and S4-9) ignited the bus
but rapidly flatlined at maximum constant output. The excess kinetic mass caused the
fluid waveguides to “freeze” into static, solid blocks, destroying their ability to transmit
dynamic signals.

o Evaporation Failure: Both restrictive variants (B6-7 and S5-8) yielded zero output
on the read bus. The tighter survival and birth thresholds caused the propagating wave
packets to evaporate entirely before completing the circuit.

o The Control Equilibrium: Only the B5-7/S5-9 control rule generated a sustained,
highly oscillating kinetic output, indicating stable fluid signal propagation. Furthermore,
the control was the only rule that successfully absorbed the T' = 600 radiation strike, uti-
lizing prime-resonance to heal the geometry without interrupting the read bus telemetry.

These findings prove that B5-7/S5-9 exists in a highly isolated Goldilocks zone. Any devi-
ation in the fundamental parameters results in either immediate entropic evaporation or static
crystallization, completely neutralizing the manifold’s capacity for universal computation.

9.4 Adversarial Thermodynamics and Rule Stability (The Dark Forest)

To determine the ultimate structural resilience of the canonical ruleset, an adversarial evolu-
tionary game theory simulation was constructed. Two distinct thermodynamic rulesets were
forced to share the same discrete spacetime, exerting mutual gravitational-kinetic friction upon
one another. If both swarms attempted to birth into the same empty voxel simultaneously, an
annihilation penalty was applied.

The environment was seeded with two combatant swarms:

o Swarm Alpha (The Canonical Universe): Governed by the highly stable B5-7/S5-9
physics.

o Swarm Beta (The Aggressive Mutation): Governed by a permissive, highly entropic
B4-6/S4-8 physics, designed to replicate violently but suffer from structural fragility.



Diagnostic telemetry over 400 generations revealed a profound symbiotic equilibrium. Swarm
Beta rapidly expanded, behaving as a highly kinetic gas that consumed the available vacuum,
plateauing at a massive 78,034 active voxels. In contrast, Swarm Alpha did not attempt to
match this rapid expansion. Instead, it condensed from its initial 200-voxel seed into an ultra-
dense, 191-voxel topologically protected core.

When the expansive wavefront of Swarm Beta collided with Swarm Alpha, it was unable
to penetrate or annihilate the canonical structure. The strict prime-resonance potential of the
B5-7/S5-9 geometry proved structurally impenetrable to the highly entropic mutation. This
demonstrates that the Poole Manifold’s canonical physics possess extreme defensive topological
protection, capable of sustaining coherent macroscopic structures even when submerged in a
violently hostile, high-entropy field.

10 Methodological Constraints and System Limits

While the B5-7/S5-9 ruleset yields robust macroscopic structures, it is necessary to explicitly
define the boundary conditions present in specific edge-case trials.

e Replication Capacity: While exact self-replication of the 134-voxel seed probe was
observed, the simulation currently enforces a hardcoded limit of 12 simultaneous probes
to manage GPU VRAM limits.

e Non-Local Coupling: The stable wormhole structure connecting Node A to Node B over
160 spatial units did not emerge spontaneously from the base ruleset. It was achieved by
applying a forced mathematical coupling variable (entanglement_ coupling = 0.85). This
demonstrates that the lattice can sustain non-local architectures without degrading, but
it does not currently generate them natively.

11 Discussion

The Poole Manifold demonstrates that a very simple three-dimensional totalistic cellular au-
tomaton can simultaneously support universal computation, immortal memory, self-healing
logic, self-replication, evolutionary dynamics, emergent wormhole structures, stable particle-like
excitations, macroscopic starship-like hulls, and emergent cosmological behaviour. All phenom-
ena arise from the B5-7/S5-9 rule augmented only by prime-resonance sharpening. Limitations
remain. Current simulations use grids up to 640%; larger-scale runs will be required for quan-
titative scaling studies. The model is classical; extensions toward quantum-like behaviour are
ongoing.

12 Conclusion

The Poole Manifold is a three-dimensional totalistic cellular automaton governed by the B5-
7/S5-9 rule with prime-resonance sharpening. From this minimal rule set there emerge universal
computation, immortal memory, self-healing logic, self-replication, evolutionary ecosystems,
emergent wormhole structures, stable particle-like excitations, macroscopic geometric stability,
and an expanding lattice whose cosmological properties fit DESI BAO data better than standard
ACDM. These results demonstrate that meaningful computation and physical-like behaviour can
arise from simple discrete processes.

13 Code Availability

The complete PyTorch implementation, including the V207 Immortal Latch, V140 Full Adder,
evolutionary ecosystems, cosmology simulations, and variance audits, is available at: https:


https://github.com/rookepoole/SVP-OTG-Poole-Manifold-tests
https://github.com/rookepoole/SVP-OTG-Poole-Manifold-tests

//github.com/rookepoole/SVP-0TG-Poole-Manifold-tests
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