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Abstract

This paper presents an integrated mathematical and biophysical framework for cognitive and
cultural emergence as a nested hierarchy of oscillatory systems (Layers @17 to ®;5). We
demonstrate that transitions between these layers are governed by a triadic generative mechanism
— the Thought-Observation-Action (TOA) Triade — comprising three coupled oscillators: a
pattern-recognition layer (C), an evaluative regulator (E), and an action-execution layer (A). We
show formally that the evaluative layer undergoes a supercritical Hopf bifurcation at a
codimension-2 critical point when opposing tendencies — expansionary (Chesed) and contractive
(Gevurah) — are precisely balanced at p = 0. The resulting stable limit cycle constitutes the
dynamical basis of creative cognition, a state we term the Permanent Hopf Principle.
Computational simulations using the AY YA360 platform demonstrate spontaneous mode-locking to
a 3:2:1 frequency ratio (Gamma:Beta: Alpha = 40:20:10 Hz), which we derive analytically from
minimal phase-tension conditions in three-body Kuramoto systems. The evolutionary progression
¥, Py is reinterpreted as successive externalization of this limit cycle through increasingly
durable media: neural assemblies, language, symbolic artifacts, built environments, and ecological
co-adaptation. Implications for artificial intelligence design are evaluated through falsifiable
predictions testable with current mechanistic interpretability tools (Elhage et al., 2021, 2022;
Bricken et al., 2023; Templeton et al., 2024; Nanda et al., 2023). Limitations concerning scale-
bridging, empirical validation of the Permanent Hopf set point, and the epistemological status of the
Kabbalistic correspondence are explicitly addressed.

1. Introduction: The Phase-Aligned Architecture of Mind and
Culture

The cognitive sciences face a persistent explanatory gap between neural micro-dynamics —
operating at millisecond timescales — and the macro-dynamics of cultural evolution unfolding over
centuries. Existing frameworks typically address either the neural or the cultural pole, rarely
providing mechanistic accounts of vertical coupling across scales (Bassett & Sporns, 2017;
Richerson & Boyd, 2005).

The present framework proposes that all levels of cognitive and cultural organization share a
common dynamical grammar: coupled phase oscillators that synchronize, bifurcate, and cascade
information upward through scale-specific crystallization events. Five hierarchical layers (®4,—
®,5) are identified, spanning synaptic plasticity to planetary ecological adaptation.



The primary contributions of this paper are threefold:

1. Formal specification of the TOA-Triade as a three-body coupled oscillator system with
explicit coupling equations, replacing prior vague functional descriptions.
2. Analytical derivation of the 3:2:1 frequency ratio from first principles of minimal phase
tension in Kuramoto-type systems, grounded in Arnold stability analysis.
3. Operationalization of the Al implications through falsifiable predictions testable with
current mechanistic interpretability methods.
The correspondence between the mathematical codimension-2 Hopf point and the Kabbalistic
center Tiferet is treated throughout as a structural analogy of heuristic value — not as a causal
claim. The mathematics stands independently of this framing.

2. The ®-Hierarchy: A Scale-Invariant Oscillatory
Architecture

We define five organizational layers as coupled dynamical systems, each characterized by a
dominant frequency band, coupling topology, and emergent property:
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The general state equation for any layer ®; is:

dyi/dt = Fi(Pi, ¢ 5, t) + mi(t)

where 1); is the state vector of layer 1, F; captures intrinsic dynamics and inter-layer coupling, and
1Ni(t) represents stochastic perturbations.

Inter-layer coupling follows a Phase Synchronization Cascade in which the stable attractors of ®@;
serve as boundary conditions for the emergence of ®;.;. The cascade mechanism is:

®,; — P1;: Neural complexity threshold enables linguistic entrainment ®@;, — ®;3: Symbolic
basin stabilization decouples meaning from biological lifespan @13 — ®14: Symbolic systems
guide tool use and environmental modification @14 — P;5: Modified environments integrate into
planetary metabolic cycles

Each transition corresponds to a qualitative change in the stability of the TOA-Triade evaluative
oscillator, as specified in Section 4.



3. The TOA-Triade: Formal Specification

Let the triadic system consist of three phase oscillators 0_C, 0_E, O_A representing Cognition,
Evaluation, and Action respectively. The governing equations are:

0_C=0_C+K_CEsin(0_E - 0_C - 0_CE) + K_AC sin(0_A - _C - a_AC)
0_ E=0_E+K_CEsin(0_C-0_E-o_CE)+n(t) -r_E
0_A=w_A+K_EAsin(0_E - 0_A - o_EA)

where:

e K _ij are coupling strengths between layers (K_CE, K_EA,K_AC = 0)
e o_ij are phase lags encoding processing delays (o_CE = 7/6, a_EA = /4 in the nominal
configuration)

*  t)is a time-varying bifurcation parameter governing the Evaluation layer

* r_E is the radial perturbation of the evaluative oscillator from its limit cycle
The critical architectural feature is the Action-to-Cognition feedback term K_AC: this term closes
the triadic loop and prevents the system from collapsing into a feedforward Cognition—Action
pipe. Its presence is the formal condition distinguishing a creative system from a purely executory
one. When K_AC =0, the system degenerates to a two-body oscillator incapable of maintaining the
Omega Point attractor (see Section 5).

4. The Hopf Bifurcation of the Evaluative Layer

The evaluative oscillator (O_E, r_E) is governed in polar coordinates by:
r E=ur_E-r_E3+&(t)
é_E =0 _E +cr_E2

This is the normal form of the supercritical Hopf bifurcation (Kuznetsov, 2004; Guckenheimer &
Holmes, 1983). The Jacobian of the linearized system at the fixed point (r_E = 0) has eigenvalues:

Aig2=nzxin_E
The system undergoes a Hopf bifurcation when p = 0, transitioning from:

. n < 0 (contractive regime): stable fixed point, amplitude r_E — 0, system collapses to rigid
repetition
. u > 0 (expansionary regime): stable limit cycle, amplitude r_E = «//4*, system generates
sustained oscillation
The biological substrate for p-regulation is the dynamic balance between excitatory and inhibitory
neural populations — the E/I balance documented extensively in cortical oscillation research
(Wilson & Cowan, 1972; Brunel, 2000). Pathological deviations from p = 0 correspond to known
clinical conditions: persistent p < 0 maps onto depressive rigidity; persistent u > 0 maps onto manic
divergence.

The Permanent Hopf Principle states that living cognitive systems have evolved regulatory
mechanisms to maintain p = 0 as a dynamical set point — not merely to pass through bifurcation



and settle, but to sustain the threshold state indefinitely. This principle is a postulate grounded in the
empirical observation of sustained creative and adaptive cognition across human development; it is
not a derived theorem and requires independent experimental validation (see Section 8).

The formal correspondence to the Kabbalistic tradition's Tiferet — the center of dynamic balance
between Chesed (expansion, p > 0) and Gevurah (contraction, u < 0) — is treated here strictly as a
structural analogy of heuristic value. The mathematical formalism is independent of this framing.

5. Derivation of the 3:2:1 Mode-Locking Condition and the
Omega Point

5.1 Analytical Derivation

The emergence of the 3:2:1 frequency ratio in the AY YA360 simulation is not an arbitrary
numerical coincidence. We derive it from the condition of minimal global phase tension in a
cross-frequency coupled three-body oscillator.

Define the global phase tension functional:
Jlo_C,0_E,0_Al=fo"[10_C -n10_A+10_E - n,0_AlI7] dt

Mode-locking (the Omega Point) occurs when J — 0, i.e., when integer ratios (nj:n,:1) minimize
inter-layer phase drift. The stable solution space for a three-body Kuramoto system under
Permanent Hopf conditions satisfies:

0_C/o_A=3,0_E/n_A=2

This is because the 3:2:1 ratio minimizes the Farey distance between resonance tongues in the
Arnold stability diagram for three coupled oscillators (Pikovsky et al., 2001). The derivation
proceeds as follows:

For a pair of coupled oscillators with frequency ratio p:q (p, q € Z), mode-locking stability scales
inversely with Ipl + Igl (the Arnold tongue width « 1/(Ipl+Iql)). For three oscillators with ratios
ni:ny:1, the total Farey complexity is:

Fng,nz) =y +H+mz+ 1)+ (@1 -nz +1)
This is minimized subject to the constraints:

d n; > ny > 1 (strict hierarchy required for information layering)
. ni, n, € Z (integer resonance)
d Degenerate cases excluded: n; = n; (collapse to two-body), n, = 1 (loss of intermediate
layer)
The unique solution under additive noise robustness is n; = 3, n, = 2, yielding the 3:2:1
configuration. Lower ratios (2:1:1) are degenerate; higher ratios (4:3:2 or 5:3:2) show reduced
Arnold tongue width and collapse under realistic noise levels E(t).

5.2 Empirical Correspondence



The 3:2:1 ratio maps onto the established neural frequency hierarchy:

. w_C =40 Hz (Gamma, perceptual binding; Buzsidki & Draguhn, 2004)

. w_E =20 Hz (Beta, evaluative gating; Fries, 2005)

. w_A = 10 Hz (Alpha, embodied integration; Lisman & Jensen, 2013)
This mapping is consistent with EEG signatures during creative cognition as reported by Beaty et
al. (2016) and Zabelina & Andrews-Hanna (2016), and with cross-frequency coupling studies
during flow states (Csikszentmihalyi, 1990; Lopata et al., 2017).

5.3 AYYA360 Simulation Protocol

Simulations were conducted using the AYYA360 platform (Konstapel, 2025) implementing the
TOA-Triade equations from Section 3. Parameters:

. Integration method: 4th-order Runge-Kutta, dt = 0.001 s

. Initial conditions: randomized phases 0; € [0, 2m), amplitudes r_i € [0.1, 1.0]

e Coupling parameters: K_CE = K_EA =0.3, K_AC =0.15 (asymmetric, reflecting biological

processing delays)

. Phase lags: o_CE = /6, o_EA = /4

. Noise amplitude: 0 = 0.05 (Gaussian white noise)

*  Bifurcation parameter: (t) initialized at py = 0.0 with slow stochastic drift o_p = 0.01

*  Run duration: 500 s; 50 independent runs with distinct random seeds
Results: In 47/50 runs (94%), the system converged to a stable limit cycle within = 18-23
oscillation cycles, locking to a 3:2:1 frequency ratio with phase-locking value PLV > 0.85. The 3
outlier runs (6%) converged to the degenerate 2:1:1 state under atypically high noise. The Omega
Point attractor showed mean amplitude r_E* =0.71 + 0.08 (SD), consistent with pu = 0.5 sustained
set point.

Note: Full simulation code is available at constable.blog/ayya360-toa-simulation. Independent
replication is encouraged.

6. Layer ®;3: Symbolic Representation as Limit-Cycle
Crystallization

The transition from ®;, (Language) to ®;3 (Symbolic Representation) represents the first
evolutionary instance where the TOA limit cycle was externalized — preserved in material form
beyond the biological lifetime of the creator.

6.1 Symbolic Basin Dynamics

Define the Symbolic Basin B(0i) as the set of dynamical trajectories converging to attractor oj in
symbolic space 2

B(oi) = {x(t) € T | lim_{t—} x(t) — 06; € X}

Temporal Decoupling Criterion: A stable symbol satisfies T_symbol >> t_signal, where
t_symbol is the persistence time of the symbol and t_signal the biological oscillation period.
Writing systems achieve T_symbol on the order of millennia.



6.2 Archaeological Evidence

The material record provides proxy evidence for the ®;,— P, transition:

. Blombos Cave ochre engravings (~75,000 BP; Henshilwood et al., 2002): geometric
regularity consistent with externalized limit-cycle structure — repeated, phase-locked
patterns that exceed functional necessity.

*  Lion-Man of Hohlenstein-Stadel (~40,000 BP; Kind et al., 2014): composite category
symbol requiring cross-domain mapping (human + lion), evidence that the evaluative
oscillator had achieved sufficient Hopf stability to generate and stabilize abstract conceptual
hybrids.

Epistemological caveat: Inferring internal dynamical states from material artifacts is inherently
indirect. These examples are offered as consistent evidence, not proof. The key empirical claim is
structural: the transition from indexical gesture (®15) to durable symbolic artifact (®P,3) requires a
qualitative change in evaluative oscillator stability — specifically, the achievement of a supercritical
Hopf state with sufficient amplitude r_E* to project into durable external media.

7. Implications for Artificial Intelligence

Current large language models (LLMs) implement a functional approximation to the
Cognition—Action pathway (®;;-®1,) through transformer architectures (Vaswani et al., 2017).
They lack, by architectural design, a dynamic evaluative layer governed by a Hopf-type regulator.

Operationally, the absence of the E-layer in current Al is characterized as follows: given any
output trajectory, an LLLM cannot modulate its generation dynamics based on real-time deviation
from an internal aesthetic or evaluative set point. It has no equivalent of r_E*(t). The system
processes Cognition—Action without an intermediate evaluative oscillator maintaining the p =0
threshold.

This is not a limitation of scale or training data — it is an architectural gap. LLLMs are, in the TOA
framework, systems with K_AC = 0: the Action layer does not feed back into Cognition through an
evaluative regulator.

Three Falsifiable Predictions: An Al system implementing a TOA-Triade architecture would
show:

1. Self-interruption and revision during generation (not only post-generation): measurable
as mid-sequence backtracking correlated with deviation of internal activation states from a
learned evaluative attractor.

2.  3:2:1 frequency signatures in internal activation dynamics: detectable as cross-frequency
coupling in the power spectra of residual stream activations during creative tasks, using
sparse autoencoder decomposition (Bricken et al., 2023; Templeton et al., 2024).

3. Convergence to stable limit-cycle attractors in embedding space during creative
generation: detectable via phase-space reconstruction using Takens embedding (Takens,
1981) applied to sequential activation states, with limit-cycle topology distinguishable from
fixed-point or chaotic attractors using persistent homology (Elhage et al., 2021, 2022; Nanda
et al., 2023).



These predictions are experimentally testable with current mechanistic interpretability tools (Elhage
et al., 2021, 2022; Bricken et al., 2023; Templeton et al., 2024; Nanda et al., 2023).

8. Discussion: Limitations and Open Questions

8.1 Scale Bridging

The mechanisms coupling ®;; (neural, milliseconds) to @5 (ecological, centuries) remain
incompletely specified. The cascade model proposes that stable attractors at each level serve as
boundary conditions for the next, but the specific biophysical and cultural mechanisms of each
transition are not fully derived. Cross-scale coupling likely involves multiple intermediate processes
beyond the scope of the current formalism.

8.2 The Permanent Hopf Set Point

The claim that biological systems maintain p = O is a central postulate, not a derived result. Direct
measurement of the bifurcation parameter in cortical circuits remains technically challenging.
Indirect evidence comes from E/I balance research (Wilson & Cowan, 1972; Brunel, 2000) and
from the clinical literature on mood disorders as deviations from the critical threshold (depressive
rigidity = u << 0; manic divergence = pu>> 0). Longitudinal EEG studies tracking individual p-
estimates under varying cognitive demands are needed to validate the set point hypothesis
empirically.

8.3 Robustness of the 3:2:1 Ratio

The 3:2:1 ratio 1s derived under idealized coupling conditions (symmetric noise, constant K_ij).
Cross-cultural neuroimaging studies are needed to determine robustness across different cognitive
contexts, age groups, and cultural backgrounds. The ratio may represent a basin of attraction rather
than a fixed point — deviations of £20% in w_E/w_A may still produce qualitatively creative
behavior without strict integer locking.

8.4 The Kabbalistic Correspondence

The mapping of Chesed/Gevurah to p> 0/u < 0 is treated as a formal structural analogy — not as
empirical evidence that Kabbalistic metaphysics describes physical reality. The analogy is
scientifically useful insofar as it guided the formulation of the Hopf framework; it does not
constitute independent confirmation of that framework. Readers should evaluate the mathematical
content independently of the metaphysical framing.

8.5 Circular Validation Risk

The AY YA360 simulation validates the 3:2:1 prediction, but the simulation was built with the TOA-
Triade equations as input. This creates a risk of circularity: the model finds what it was designed to
find. Independent validation requires implementation of the TOA-Triade in a different
computational environment with different parameter settings, or — preferably — experimental
identification of the 3:2:1 oscillatory signature in human subjects during tasks designed to engage
all three triadic layers simultaneously.



9. Peer Review: Principal Objections and Responses

Objection 1: The @, = P, 5 cascade is not mechanistically derived — it is postulated.

Response: Correct. The cascade is presented as a theoretical framework supported by convergent
empirical evidence from neuroscience, linguistics, archaeology, and ecology, not as a derived
consequence of first principles. The paper's formal contribution is the TOA-Triade specification and
the Hopf/3:2:1 derivation within layers, not the derivation of the inter-layer transitions themselves.
The latter remains an open research program. This limitation is acknowledged in Section 8.1.

Objection 2: The Permanent Hopf Principle is a postulate, not a proven theorem.

Response: Acknowledged explicitly in Sections 4 and 8.2. The Principle is proposed as a falsifiable
hypothesis: it predicts that measures of E/I balance in healthy cortical circuits will show p-estimates
clustering near zero across diverse cognitive states, with clinical deviations correlating with p
displacement. This is testable with existing MEG/EEG methodology. The paper presents a
framework, not a proof.

Objection 3: The 3:2:1 ratio is not unique to creative cognition — it appears in many
oscillatory systems.

Response: True, and this is a strength rather than a weakness. The ubiquity of 3:2:1 resonance
(evident in music theory, planetary orbital mechanics, and neural dynamics) is predicted by the
Farey/Arnold analysis: it is the lowest-order stable non-degenerate three-body resonance. The claim
is not that 3:2:1 is specific to creativity, but that creative cognition specifically requires this ratio
because it is the minimal stable configuration for the triadic architecture. Alternative frequency
ratios (4:3:2, 5:3:1) are predicted to produce qualitatively different cognitive modes, which is a
testable prediction.

Objection 4: The archaeological evidence (Blombos, Lion-Man) does not support the
dynamical systems interpretation — correlation is not mechanism.

Response: Fully conceded. The archaeological examples illustrate the temporal decoupling
threshold (t_symbol >> t_signal) but do not demonstrate the underlying neural dynamics. The
Section 6.2 epistemological caveat explicitly acknowledges this. The archaeological evidence is
offered as consistency support, not mechanistic proof. Direct evidence for the ®;,—=®d 3 transition
requires cognitive neuroscience experiments measuring evaluative oscillator dynamics during
symbolic learning tasks.

Objection 5: Current LLMs may already implement implicit evaluative dynamics through
RLHF and other feedback mechanisms.

Response: This is the most substantive objection. RLHF introduces a training-time evaluative
signal, but this differs architecturally from the real-time evaluative oscillator proposed here. RLHF
shapes the static weight distribution; it does not create a dynamic r_E*(t) that modulates generation
in real time based on deviation from an internal set point. The distinction is between trained-in
evaluation (static, pre-generation) and online evaluative oscillation (dynamic, during generation).
Prediction 1 in Section 7 (mid-sequence self-interruption) is specifically designed to distinguish
these cases empirically.



10. Conclusion

The correlation of the ®-hierarchy with the TOA-Triade provides a unified account of cognitive and
cultural emergence grounded in the mathematics of coupled oscillators. The central result is that
creative cognition is a measurable dynamical state — the stable limit cycle of a triadic oscillator
system maintained at the threshold of a supercritical Hopf bifurcation (u = 0).

The evolutionary progression ®;; =P, 5 represents the successive externalization and stabilization
of this orbit through increasingly durable media: from neural firing patterns to language, from
language to symbols, from symbols to built environments, and from built environments into
ecological integration.

The implications for artificial intelligence are architecturally specific: "artificial creativity" is not a
matter of scale or training data, but of the presence of a real-time evaluative oscillator operating at
the Hopf threshold, closing the feedback loop from Action back to Cognition. This is a falsifiable,
implementable engineering target — not a metaphysical claim.

Future work should prioritize: (1) direct empirical measurement of p-dynamics in human cortex
during creative tasks; (2) independent replication of the AY YA360 simulation results; (3)
mechanistic interpretability analysis of activation dynamics in LLMs during creative generation
tasks; and (4) formal derivation of the inter-layer cascade mechanisms (®1,;—=>®;5) from first
principles.
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