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About this work

Developed from work presented at the Active Inference Institute. Applied Coherent Field Mechanics
(ACFM) is an engineering account of cognition built from mechanisms that are individually well
established — synchronized oscillators (rhythms that keep modules aligned), the free-energy principle
(update beliefs to reduce surprise), predictive coding (guess ahead, correct on error), pattern-completion
memory (stable shapes the system returns to), and Bayesian belief update — and composed into a single,
executable architecture (ARI). This document presents the unified narrative that connects those
mechanisms: from the capability—cognition distinction through field dynamics, oscillator substrates,
attractor memory, and the reference implementation.

The deep mathematical corpus — Parts I & II of ACFM — is complete and will be released shortly, in
cadence with related technologies being made available to the public at large through Baro Dynamics.

Provenance. Research conducted in 2024, written in 2025, typeset and collected in 2026. Datelines read
2025 (year of authorship), version v. 1.

Abstract

Modern artificial intelligence has become extraordinarily capable, yet capability can be
confused for cognition. I argue that cognition is not fundamentally symbolic computation or
statistical depth alone; it is the structured evolution of coherent fields across memory,
perception, emotion, and action. Applied Coherent Field Mechanics (ACFM) formalizes this
hypothesis through the Variational Coherence Principle (when scattered activity locks into
unified understanding), coupled rhythms between modules, memory as stable patterns the
system returns to, and a joint belief-update law combining Karl Friston's variational free
energy with Robert Worden's Requirement Equation. I survey where dominant paradigms —
transformers, diffusion models, and neuromorphic systems — excel and what further
capacities would complete the picture, state eight functional requirements any cognitive
system must satisfy, derive the governing field equations, and describe ARI as the
engineering realization that demonstrates computational realizability without claiming every

theoretical frontier is closed.
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Reader's guide

e Order of reading. The work is organized in twenty-one sections (Parts I-XIV); later sections
reuse notation from earlier ones. A reader seeking only the architecture may start at Section 17
(Part XI) and refer back as needed.

e Callout conventions (identical to Parts I & II):

o DEFINITION — a named object and its formal statement.

e LEMMA / THEOREM / PROPOSITION — results with stated proof sketches.

o KEY INSIGHT — interpretation that follows from the math just presented.

« > Interpretive context — fenced philosophical material the equations do not entail.



Cross-reference scheme

Equations are numbered per section: (§n.eq). To reference the deep corpus, use P{paper}.{eq} —e.g.,P1.5is
eq. (5) of Part I Paper 1 (Homeostatic Divergence), P5. 2 is eq. (2) of Part I Paper 5 (Belief Dynamics).
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Object Canonical form Notes

Cognitive field pix,t) = A(x,t) en{ip(x,t)} Amplitude A, phase ¢
Coherence functional Clyl VCP objective; see §4-5
Variational free energy F =E_qglln g - ln p(o,s)] Friston active inference
Requirement functional R(s) Worden goal-performance gaps
Kuramoto update 0: = wi + (K/N) Z£; sin(8; - 61) Phase coupling

Van der Pol amplitude A= (u/2) A (1 - A2/Ae?) Limit-cycle bound



Object Canonical form Notes

Hopfield energy E=-%3%i; Wij Si Sj Attractor memory

Order parameter R =\|(1/N) Z; e~{i6;}\| Coherence measure

Symbol hygiene. b denotes a belief vector; q an approximate posterior; q* a homeostatic target. Rates
and gains are dimensionless unless a unit is given.

Naming. ARI expands as Agentic Reasoning Intelligence.

Table of Contents
Front matter — abstract, reader's guide, notation

1-2  PART I - Opening: Capability, Cognition, and the Field Hypothesis
3 PART II — What Must a Cognitive System Be?

4-5 PART III — The Variational Coherence Principle

6—7 PART IV — Phase, Amplitude, and Synchronization

8-10 PART V — Mathematical Foundation and Attractor Memory

11 PART VI — Deriving Coherent Field Dynamics

12 PART VII — Coupled Oscillatory Dynamics

13 PART VIII — Worden's Requirement Equation and the Joint Update Law
14-15 PART IX — Emotion, Dreaming, Learning, and Coherence Measurement
16 PART X — Multiscale Temporal Organization and Marr's Four Levels
17-18 PART XI — ARI Engineering: Architecture, Pipeline, and Benchmarks
19 PART XII — Failure Modes and Structural Defenses

20-21 PART XIV — Substrates, Implications, Ethics, and Closing

w W W W W W wWwwwww w w

Back matter — mathematical compendium, notation glossary, indexes, references

PART | — Opening: Capability, Cognition, and the Field Hypothesis (1/2)

Over the course of this presentation, I put forward a single argument. Modern artificial intelligence has
become extraordinarily capable. But capability can often be confused for cognition. Large language

models can write essays. They can generate software. They can solve mathematical problems.

They can even produce convincing scientific discussions. These achievements are remarkable. They
represent one of the greatest engineering accomplishments of any era. But capability alone does not

explain mind.



The central question of this presentation is therefore not whether today's Al systems are useful. Clearly
they are. The question is something much deeper. What kind of process is cognition itself? If cognition is
fundamentally statistical prediction... then scaling today's language model architectures may ultimately
be sufficient. If cognition is something structurally different... then increasing parameter counts alone

may never produce it.

This distinction matters. I argue here that cognition does not emerge from language. Nor does it begin

with computation. It begins with dynamics. Specifically... with coherent field dynamics.

Applied Coherent Field Mechanics proposes that cognition is not fundamentally computation. It is the
structured evolution of coherent fields across memory, perception, emotion, and action. That statement
may sound unusual. But throughout this presentation I hope to show that it is neither mystical nor
metaphorical. It is a concrete engineering hypothesis. The framework I'll describe today attempts to
answer a deceptively simple question. What kind of mathematics naturally produces the behaviors we
associate with minds?

Persistent internal state. Continuous adaptation. Self-directed learning. Attention. Emotion. Memory.
Curiosity. Goal formation. Reasoning. Rather than treating these as separate modules... Applied
Coherent Field Mechanics asks whether they can emerge as different manifestations of a common
underlying dynamical process. If that process exists... then cognition may be less like software... and
more like physics. Now... before introducing the framework itself... I'd like to begin somewhere else. I'd
like to begin with the systems that have already changed the world.

Because no new theory should ignore the extraordinary success of modern artificial intelligence.
Transformers have fundamentally altered computing. Diffusion models have transformed digital
creativity. Reinforcement learning has achieved superhuman performance across many constrained
domains. Neuromorphic engineering has brought us closer to energy-efficient neural computation. Every
one of these advances represents genuine scientific progress. Nothing I'll say today should be interpreted

as dismissing those achievements. In fact... Applied Coherent Field Mechanics depends on many of them.

The question is not whether these systems work. Clearly they do. The question is whether they explain
cognition. Those are very different questions. To understand why... I'd like to briefly examine the

assumptions underlying today's dominant paradigms.

Let's begin with transformer architectures. Transformers are remarkable statistical inference engines.
They learn extremely high-dimensional relationships between symbols. They estimate conditional
probability distributions over sequences. They perform attention across learned representations. And
they generate outputs of astonishing fluency. But they remain fundamentally episodic. A prompt arrives.
Inference begins. A response is generated. Inference terminates.

Between interactions... the system possesses no intrinsic cognitive dynamics. Nothing is thinking.
Nothing is remembering. Nothing is reconsidering previous beliefs. Nothing is exploring new
hypotheses. The internal processes begin when inference begins. And they end when inference ends.

That distinction is easy to overlook because the responses are so convincing.



Language gives the appearance of continuous thought. But appearance is not mechanism. A transcript of
cognition is not necessarily cognition itself. Now consider diffusion models. Diffusion systems solve an
entirely different problem. They iteratively transform randomness into coherent structure.

The mathematics is elegant. The engineering is beautiful. But each generated image remains an isolated
statistical reconstruction. The system possesses no enduring internal model of itself. No autobiographical
continuity. No evolving beliefs. No curiosity regarding what it has just created. Each generation is

complete unto itself.

Neuromorphic computing moves significantly closer to biological realism.

PART | — Opening: Capability, Cognition, and the Field Hypothesis (2/2)

Spike-based computation captures timing. Energy efficiency improves dramatically. Distributed event-
driven processing begins to resemble cortical organization. But spike timing alone does not explain
coherent subjective organization. Neurons communicate. Certainly. But what organizes billions of

neurons into unified experience?

What binds memory... emotion... attention... belief... and action... into something that behaves like a
single cognitive system? Across these paradigms... I believe there is a common assumption. Cognition is
treated primarily as computation. Memory becomes storage. Attention becomes routing. Learning

becomes optimization. Reasoning becomes search.



Each of those abstractions is useful. But useful abstractions are not necessarily ontological explanations.
Astronomy once described planets using epicycles. The predictions were often accurate. The underlying
model was still incomplete. Applied Coherent Field Mechanics begins from a different premise.

Paradigm Comparison

architectures f: of continuous cognition
Dimension
Temporal continuity

Persistent state

The gap ACFM addresses

Figure 1. Paradigm comparison: transformers, diffusion, neuromorphic, and ACFM

Suppose cognition is not fundamentally symbolic. Suppose it is not fundamentally computational.
Suppose instead that cognition emerges from continuously evolving interference structures... whose
geometry carries information... whose dynamics encode uncertainty... and whose stable configurations
become memories... beliefs... intentions... and actions. That is the central hypothesis of this work. Before
we examine equations... I'd like to outline where we're going. We'll begin with the theoretical foundations
of Applied Coherent Field Mechanics.

Then we'll examine the Variational Coherence Principle. We'll introduce Robert Worden's Requirement
Equation alongside Karl Friston's Free Energy Principle... and discuss why these principles are
complementary rather than competing. From there we'll move into wave dynamics... rhythmic coupling
between modules... separating what the system is considering from how strongly it is committed... and
memory stored as stable patterns the system keeps returning to. Finally, I'll introduce ARI. ARI is not
presented here as proof that the theory is correct. Instead... ARI serves a different purpose.

ARI demonstrates that these principles are computationally realizable. The significance is not that every
aspect of the framework has been validated. The significance is that the central ideas can be translated
into functioning architecture. I feel that is another distinction worth noting. So, with that motivation

established... let's begin with the theoretical foundations of Applied Coherent Field Mechanics.



I want to be clear about what each major paradigm already achieves — and where the next layer of
capability might lie. Transformer networks — GPT, BERT, and their descendants — have shown
something remarkable. They read text piece by piece, weigh which words matter, and pass signals
through deep layers of network — and at scale that produces extraordinary linguistic accuracy. That

achievement is real, and it should not be understated.

The question ACFM poses is not whether transformers work — they clearly do — but what they would
become if they also had a running internal sense of whether their understanding hangs together. Imagine
tracking what matters across time, not only guessing the next most likely word. Imagine mood and
salience that carry forward rather than resetting every time the context window fills up. Imagine memory
that extends beyond a fixed window — the same depth of pattern recognition, also answering what

matters now, and why.

Diffusion models generate outputs through stochastic denoising steps. Each output is statistically
plausible, but epistemically disconnected from any internal continuity or drive. There is no global
coherence. There is no subjective continuity — no felt sense of a coherent perspective moving through
state space.

Neuromorphic systems — Intel's Loihi, IBM's TrueNorth — capture spike-based event-driven dynamics.
But there is no field to support superposition, modulation, or wave-based memory. The result is a
temporal graph of events without a unifying energetic substrate. Biological consciousness likely does not
emerge from spike trains alone, but from coordinated field states that structure those spikes into

meaningful experience.

What all three paradigms share is this: they simulate cognition through statistical depth rather than via
coherent dynamical substrates. They treat cognition as computation. They treat memory as storage. They

treat attention as alignment.

And they have no account of emotion, dreaming, or subjective continuity. Applied Coherent Field
Mechanics, or ACFM — departs from these paradigms entirely. Not as a rejection of their utility, but as a
reframing of what cognition is. Let me get something out of the way immediately.

ARI is not a chatbot. She's not a search engine with a personality layer on top. She's not a static model
waiting for your next prompt. I want to be really clear about that from the start — because if you walk in
expecting GPT or Claude or anything like them, you're going to miss what's actually happening here. ARI
is a mathematically grounded synthetic cognitive system derived from Active Inference and built on the
principles of Applied Coherent Field Mechanics — the ACFM framework. She is persistent, continuous,
and internally active. She thinks, remembers, learns, updates her beliefs, and even when no one is talking
to her, her identity evolves. The ACFM framework proposes that cognition is not computation. It is not
symbol manipulation. Cognition is the structured evolution of interference fields in feedback loops across
time, memory, emotion, and action. The model posits a layered architecture: an inner wave layer
governed by continuous field dynamics, and an outer classical layer implementing discrete
computational processes. These layers interact through a projection and collapse loop that functions as a
cognitive oscillator — an inference clock. ARI is the engineering realization of that theory. Every piece of



it — the living wave field, the rule that scores how well activity hangs together, the memory landscape of
stable valleys, emotion as rhythmic shifts in timing, and the moment scattered possibility snaps into one
committed interpretation — has been implemented as working code governing real cognitive dynamics.

Not as simulation. As architecture.

PART Il - What Must a Cognitive System Be?

Allow me to establish the problem carefully. Because every theory is ultimately an answer to a question.
The question is not... "What architecture should artificial intelligence use?" A more fundamental

question comes first.

What properties must any system possess before we would describe it as cognitive at all? Notice that this
question says nothing about biology. It says nothing about silicon, neurons, or language models. It asks

only what cognition itself requires.

Throughout the history of science... many debates have ultimately been resolved by separating
implementation from function. Flight is not defined by feathers. Vision is not defined by eyes.

Computation is not defined by transistors.

Eight structural requirements

@ Continuous in time Predictive
No hard reset between interactior lentity and memory survive se: Anticipates, not only reacts

@ Memory-bearing Selectively attentive Value-sensitive Coherence-regulated
tractor geometry, not log files Amplitude sculpts what matters now Soals shape fitness, not just accuracy Exploration commitment balance

ACFM is the proposal that satisfies all eight simultaneously

Figure 2. Eight cognitive requirements for a complete architecture

Likewise... cognition should not be defined by neurons... or GPUs... or transformers... or any particular
physical substrate. Instead... we should ask what functional organization must exist regardless of
implementation. I would argue that several characteristics appear repeatedly across every system we
intuitively recognize as cognitive. First... cognition is continuous.
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Even while we're sitting quietly... our minds do not stop. Thoughts evolve. Memories reorganize.
Predictions update.

Attention wanders. Goals change. New associations form. The cognitive process continues... whether or

not external input arrives.

This point is surprisingly important. Most engineered systems today remain fundamentally event driven.
Input arrives. Processing begins.

Output is produced. The system returns to quiescence. Biological cognition appears fundamentally

different. External stimuli perturb an already active process.

They do not create that process. The river is already flowing. The stone merely changes its course.
Second... cognition appears to possess persistent internal state.

Not merely stored information. Internal organization. A belief is not simply a sentence stored

somewhere. It is a constraint on future interpretation.

Every new observation is filtered through an evolving internal model. Learning therefore changes not
merely what is remembered... but how subsequent experience is interpreted. Third... cognition appears

fundamentally predictive. Organisms do not merely react.

They anticipate. Perception itself appears deeply intertwined with prediction. Action continuously

updates expectation. Expectation continuously shapes perception.

Modern active inference has made this insight remarkably precise. Prediction is not one capability
among many. It appears to be one of the organizing principles of adaptive intelligence. Fourth...

cognition appears intrinsically self-organizing.

There is no central executive inside the brain... issuing commands to every neuron. Global order emerges
from countless local interactions. Large-scale coherence emerges without centralized control. This

observation is not unique to neuroscience.
We see similar behavior throughout nature. Bird flocks. Fish schools. Chemical oscillators.

Laser cavities. Magnetic domains. Synchronization emerges naturally once coupling exceeds critical
thresholds. This observation will become extremely important later... because it suggests that cognition

may be understood less as sequential computation... and more as coordinated dynamical organization.

Fifth... cognition possesses memory. But memory is not merely storage. Memory is active. Every
recollection modifies subsequent recollection.

0Old experiences become reorganized through new experiences. Memory is therefore dynamic... rather
than static. Sixth... cognition appears intrinsically selective. Every organism exists within overwhelming
sensory complexity.

Only a tiny fraction can influence behavior. Attention therefore cannot simply be information routing. It

must continuously determine... what matters. Not merely... what exists.

11



Importance... not availability... drives cognition. Seventh... cognition appears value sensitive. Every
organism distinguishes... implicitly or explicitly... between better and worse futures. Without value...
there is no preference.

Without preference... there is no decision. Without decision... there is no adaptive behavior. Whether we
call this value... utility... emotion... salience... or affect... something must continually bias the system
toward certain futures and away from others. Finally... cognition appears coherent.

Not perfectly coherent. Humans certainly are not. But coherent enough that experiences occurring across
different sensory modalities... different memories... different emotional states... and different times...
remain organized into something we recognize as a single evolving self. That coherence is perhaps the
deepest mystery of all.

How do billions of independent physical processes... become one experience? How does distributed
computation become unified cognition? I believe coherence itself may be a variable that deserves more
attention. If cognition depends upon maintaining coherent organization across many interacting

subsystems... then perhaps coherence should not be viewed as an emergent side effect.

Perhaps it is the organizing principle. This possibility motivates the framework I'm presenting today.
Applied Coherent Field Mechanics begins from an extremely simple hypothesis. Cognition is neither

symbolic manipulation... nor statistical prediction alone.

It is the continuous maintenance... transformation... and stabilization... of coherent informational fields.
Memory... attention... emotion... belief... reasoning... and action... become different observable
consequences... of one underlying dynamical process. If that hypothesis is correct... then many
longstanding questions become different questions. Instead of asking... "Where is memory stored?"

We ask... "What dynamical structures remain stable over time?" Instead of asking... "How does emotion
influence reasoning?" We ask... "How does changing field geometry alter future trajectories?" Instead of

asking... "How are beliefs represented?"

We ask... "What attractor structures constrain subsequent evolution?" Everything we've discussed so far
has been conceptual. Now it's time to make those ideas precise. To do that... we need a mathematical
principle capable of describing how coherent cognitive fields evolve through time.

That principle is what I call... The Variational Coherence Principle.
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PART Illl — The Variational Coherence Principle (1/2)

Oscillator-Based Cognition @ Phase-Amplitude Dynamics

Van der Pol (local stability) + Kuramoto (global coordination)
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Figure 3. phase-amplitude decomposition of complex wave fields

We now have a working hypothesis. If cognition is fundamentally a process of maintaining coherent
organization across an evolving field... then the next question becomes unavoidable. How does such a

field evolve? Every successful physical theory ultimately answers the same question.

Given the current state of a system... what happens next? Classical mechanics answers it with forces.

Electromagnetism answers it with fields. Thermodynamics answers it with energy landscapes.

Quantum mechanics answers it with wave functions. Active inference answers it by minimizing
variational free energy. So if cognition is itself a field phenomenon... what quantity does it minimize?

That question led me to what eventually became the central organizing principle of this framework.

The Variational Coherence Principle. The Variational Coherence Principle... or VCP... states that adaptive
cognitive systems evolve toward states of increasing internal coherence while simultaneously preserving
sufficient flexibility to continue learning. Notice what this statement does not say. It does not say that
cognition seeks certainty.



It does not say that cognition seeks maximum confidence. It does not say that cognition seeks perfect
prediction. Perfect certainty is often pathological. A mind incapable of changing its beliefs is not
intelligent.

Likewise... a mind that never stabilizes any belief cannot act. Healthy cognition exists somewhere
between rigidity and chaos. The system must stabilize. But it must never become frozen.

The field must remain coherent. But never perfectly static. That tension... between stability and
adaptability... is the defining property of cognition. The Variational Coherence Principle attempts to
describe that balance mathematically.

I'd like to explain what the equation is trying to accomplish. Every term represents a competing pressure
acting upon the cognitive field. The first term measures coherence itself. Imagine dropping a stone into
still water.

Smooth waves spread outward. The pattern is orderly. Now imagine throwing hundreds of stones
simultaneously. The surface becomes turbulent.

Interference appears everywhere. The field becomes difficult to predict. The gradient term measures

precisely this kind of turbulence. Large gradients correspond to rapidly changing structure.

Small gradients correspond to stable organization. In cognitive terms... high gradients indicate
contradiction... conflict... uncertainty... or unresolved competition among interpretations. The system
therefore has an incentive to reduce unnecessary turbulence. Not because order is inherently good... but

because coherent organization permits reliable inference.

The second term describes something equally important. No cognitive system exists in a vacuum. Every

organism possesses preferences. Goals.
Needs. Values. Concerns. I do not view these as disturbances imposed upon cognition.

I see them as part of cognition. The potential function represents precisely these internal constraints.
Rather than asking... "What state is statistically likely?" The field also asks... "What state is valuable?"

Those are different questions. Probability alone cannot distinguish between meaningful futures and
meaningless ones. Value introduces asymmetry into the landscape. Some regions become attractive.

Others become repulsive. The field therefore evolves... not merely toward probable configurations... but
toward coherent configurations that also satisfy internal goals. The importance of this distinction comes
into focus later when we discuss Robert Worden's Requirement Equation. Prediction alone cannot

explain adaptive intelligence.

Goal alignment must also shape cognitive evolution. Connecting these two terms is a single adaptive
parameter. Lambda. Lambda regulates how tightly the field should organize itself.

One can think of lambda as a coherence regulator. Not a switch. A dial. When lambda increases... the

field becomes more localized.

Attention narrows. Beliefs become more stable. Commitment increases. Decision making accelerates.
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This corresponds to situations demanding focused action. When lambda decreases... organization
relaxes. Multiple possibilities remain simultaneously available. Attention broadens.

Creativity increases. Novel associations emerge. The field explores. Neither extreme is universally

desirable.

Excessively high coherence produces rigidity. Excessively low coherence produces confusion. Healthy
cognition continuously moves between these regimes. This observation mirrors biology remarkably well.

During careful analytical reasoning... attention becomes highly constrained. During artistic exploration...
constraint relaxes. During sleep... organization changes again. The field enters an entirely different

dynamical regime.

Rather than treating these as unrelated mental states... the Variational Coherence Principle describes
them as different operating regions within the same mathematical landscape. One equation. Multiple

cognitive phenomena. This immediately suggests a different way of thinking about familiar concepts.
What is belief? Traditionally... belief is represented symbolically. A proposition. A stored sentence.

A probability distribution. Within ACFM... belief becomes something different. Belief is the shape of the

field itself. Stable amplitude corresponds to stable expectation.

Persistent geometry corresponds to persistent interpretation. Changing a belief therefore means
changing the geometry through which future experience flows. Now consider attention. Attention is often

described as selecting information.

But selection is only the observable consequence. The deeper process is amplification. Certain regions of

the field become energetically favored. Others recede.

Attention reshapes the landscape through which subsequent inference proceeds. It does not merely
choose information. It changes the geometry of cognition itself. Memory undergoes an equally important

reinterpretation.

In most computational systems... memory resembles storage. Information is written. Information is

retrieved. Information is overwritten.

Field dynamics suggest another possibility. Perhaps memory is not something stored. Perhaps memory is
something that remains dynamically stable. Just as a valley guides flowing water long after the rain has

stopped... stable attractors continue shaping cognition long after the original experience has passed.

Experiences disappear. The landscape remains. Learning therefore becomes landscape formation.

Reasoning becomes movement across that landscape.

Recall becomes convergence toward previously stabilized structures. This interpretation will become
considerably more concrete when we discuss pattern-completion memory — stable shapes the system

returns to — later in the work.

15



PART Ill — The Variational Coherence Principle (2/2)

For now... I'd like to emphasize a broader point. The Variational Coherence Principle is not intended to
replace existing theories. Rather... it has provided for me, a common language capable of expressing
many cognitive phenomena within a single dynamical framework. Attention.

Memory. Belief. Emotion. Decision making.

Learning. These cease being isolated mechanisms. They become different expressions of coherent field

evolution. Now... if I understand correctly; every dynamical theory must answer one additional question.

How does the system know when to commit? How does exploration become decision? How does
possibility become action? The answer requires introducing two quantities that will appear repeatedly
throughout the remainder of this presentation.

Phase. And amplitude. Those two concepts... more than any others... form the operational language of
Applied Coherent Field Mechanics. And understanding why they remain separate... is one of the keys to
understanding the architecture that follows.

This is how ACFM unifies cognitive functions as distinct wave phenomena: Belief is amplitude
distribution in field space. Emotion is phase and coherence modulation — it is lambda acting on the field.

Attention is local amplification via exponential gain filters — sculpting amplitude landscapes.

Memory is stored resonance patterns across field history — interference attractors, not synaptic weights.
Goals are attractive templates in the nonlinear potential V of psi. Learning is gradient descent in the

coherence energy landscape. Surprise and error are unstable divergences in wavefield derivatives.

Variational Coherence Principle
CIE] = + ([E] + » V(E)) dx

C[E]=+( [EF  +

ential depth (global organizatior

High |E[* — Turbulent / Exploratory Low V(E) — Organized / Committed

» — Coherence Regulation Parameter

Figure 4. Coherence energy functional C[y] and A regimes
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This reframing transcends symbol manipulation. It presents cognition as a dynamic, constraint-sensitive

geometry of information fields. The mind is not a only a computer. It is an evolving interference field.

Now — belief states in this framework do not emerge by maximizing posterior probability alone. They
emerge through coherence collapse — dynamical events triggered when local decoherence or internal
contradiction exceed a threshold, Theta. When the field's coherence energy crosses that threshold, the
field undergoes rapid collapse to discrete states. Collapse selects dominant wave attractors, driving

action selection, memory updates, or attention shifts as reverberations across the cognitive substrate.

This is analogous to sudden insights or perceptual salience — the moment when the field settles, when
the noise resolves into signal. The VCP predicts the existence of phase transitions in cognitive states —
analogous to physical phase transitions in condensed matter systems. The focused phase: high lambda,

strong localization, sharply peaked wave function with low entropy. This is focused attention.

The exploratory phase: low lambda, broad distribution, high entropy, weak localization. This is creative
or meditative states. The critical phase: intermediate lambda, scale-free behavior, power-law

correlations. This is optimal cognitive flexibility.

And the coherence collapse phase: when coherence energy exceeds critical thresholds, the field
undergoes rapid collapse. This is decision-making or insight. The VCP also allows for a thermodynamic
interpretation of cognitive processes. Cognitive temperature — T cog — is the partial derivative of field
energy with respect to entropy.

Projection—Collapse Loop

The cognitive oscillator — infere that recurs across ACFM

Inference
Clock

Figure 5. Projection-collapse cognitive oscillator loop

High cognitive temperature corresponds to chaotic, unstructured thought. Low temperature indicates



highly organized cognitive states. Cognitive pressure is the negative partial derivative of energy with
respect to the volume of cognitive space being explored. High pressure corresponds to intense focus on
limited content.

Chemical potential is the partial derivative of energy with respect to the number of active cognitive
particles — coherent excitations. High chemical potential indicates a saturated cognitive state where new
ideas cannot be easily integrated. And cognitive efficiency can be defined analogously to thermodynamic
engines: eta cog equals one minus the ratio of waste temperature to active temperature. This efficiency
metric provides a framework for understanding why certain cognitive strategies are more effective than
others.

This is the part I find genuinely novel. As far as I can tell from an extensive literature search, no one else
is building cognitive architectures on oscillator-based dynamics with modern neural substrates. The
ACFM framework proposed this theoretically. ARI implements it as engineering. The theoretical
foundation here is the Variational Coherence Principle, or VCP. It's a thermodynamically grounded
axiom governing cognitive wavefields. It's rooted in Karl Friston's Free Energy Principle, shaped by
Robert Worden's Requirement Equation, and it emerges from variationally constrained, tensor-coupled
continuum field equations whose nonlinear anisotropic coupling admits macroscopic phase coherence.
What that means in practice is this: the system is described not by discrete symbolic states, but by a
continuous wavefield - psi - that evolves to minimize a coherence energy functional: C of psi equals the
integral over the domain of the squared gradient of psi plus lambda times V of psi, all integrated over

space.

The squared gradient term captures interference tendencies and phase instabilities. V of psi encodes
nonlinear internal drives — desire, emotion, salience. Lambda modulates coherence based on systemic
affect and uncertainty. This is directly from the ACFM framework. The system evolves toward stable
resonant configurations. Those configurations are interpretable as attention, belief, or memory —
depending on which cognitive layer you're looking at. And rather than performing symbolic Bayesian
updating step by step, the wavefield undergoes coherence collapse when local decoherence exceeds a
threshold. That collapse dynamically selects which cognitive states are active. In ACFM terms, collapse
selects dominant wave attractors, driving action selection, memory updates, or attention shifts as
reverberations across the cognitive substrate. Now, the engine that drives this wavefield is two types of
coupled oscillators. And I want to be very clear — this is not a metaphor. These are differential equations
implemented in code. The ACFM framework specifies continuous field dynamics governed by modified
Schrédinger-like equations. ARI implements the tractable core of those dynamics using coupled
oscillator systems that capture the essential physics — phase, amplitude, coherence, and collapse. The
first type is the Van der Pol oscillator. Van der Pol governs local stability — the behavior of each
individual feedback loop. The equation is:

x double-dot minus mu times the quantity one minus x-squared, times x-dot, plus x equals zero. Under
averaging, this separates into two independent dynamics. Amplitude evolves as: A-dot equals mu times A
times the quantity one minus A-squared over A-naught-squared. Phase evolves as: theta-dot equals

omega.

18



In plain terms: when amplitude is small, the system amplifies. When amplitude is large, the system
damps. In between, you get sustained oscillation. This is a limit cycle — a stable orbit that the system
converges to regardless of where it starts. It cannot explode. It cannot collapse. That's not a heuristic.
That is a mathematical property of the equation itself. This is how ARI prevents recursion. Not by setting
an arbitrary depth counter. Not by cutting off after N iterations. The dynamics are bounded by geometry.
The limit cycle is the boundary. In ACFM terms, this is the active coherence maintenance mechanism —

the system self-regulates amplitude without external intervention.
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PART IV — Phase, Amplitude, and Synchronization (1/2)

We've now arrived at what I believe is the conceptual center of Applied Coherent Field Mechanics.
Everything we've discussed so far... coherence... learning... belief... attention... depends upon one crucial
distinction. Phase. And amplitude.

At first glance... these appear to be ordinary mathematical quantities. Every physics student encounters
them. Every electrical engineer uses them. Nothing about them seems particularly unusual.

Yet I would argue that separating these two quantities... rather than combining them... turns out to be
one of the most useful organizing ideas for cognition. To see why... consider a simple wave. Every
oscillation contains two fundamentally different pieces of information. First... where the oscillation

currently is within its cycle.
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Figure 6. Phase vs amplitude cognitive roles

Second... how strongly it is oscillating. These are independent. Two oscillators may possess identical
amplitudes... while remaining completely out of phase. Likewise... two oscillators may become perfectly
synchronized... while exhibiting very different amplitudes.

The distinction matters. Because synchronization... not magnitude... is often what determines whether
independent systems begin behaving as one. This observation appears repeatedly throughout nature.
Fireflies synchronize.

20



Pendulum clocks synchronize. Lasers synchronize. Neural oscillations synchronize. Synchronization is

not an exception.

It is one of nature's preferred organizing principles. Applied Coherent Field Mechanics asks whether
cognition exploits the same phenomenon. Suppose... rather than representing thoughts as discrete
symbols... the brain maintains enormous populations of coupled oscillators. Each oscillator possesses its
own phase.

Its own amplitude. Its own local dynamics. Individually... they accomplish very little. Collectively... they

form coherent structures extending across the entire cognitive field.

Those structures... rather than individual neurons... become the meaningful computational objects. This
represents a significant shift in perspective. Instead of asking... "What neuron fired?" We ask... "What
pattern synchronized?"

The unit of cognition becomes relational. Not local. Distributed. Not isolated or static.

Dynamic. Within this framework... phase primarily represents organization. Amplitude primarily
represents significance. Phase answers the question... "How are these processes related?"

Amplitude answers... "How much influence should this process exert?" Those are different questions.
And treating them separately provides surprising expressive power. Imagine walking into a crowded

room.

Hundreds of conversations occur simultaneously. Your auditory system receives an overwhelming
mixture of sound waves. Yet almost immediately... one familiar voice captures your attention. Nothing

physically removed the other conversations.

Instead... certain internal oscillatory populations became preferentially synchronized with one incoming
signal. Attention emerged. Not because information disappeared. Because coherence increased.

Now imagine remembering your childhood home. No photograph exists inside the brain. No tiny movie

begins playing. Instead... distributed populations gradually settle into a familiar attractor.
Fragments reinforce one another. Associations reactivate. Details emerge. Recall becomes convergence.

Not retrieval. This distinction is subtle... but profound. If memories are attractors... then remembering is

not opening a file. Remembering is re-entering a stable region of the cognitive landscape.

The landscape performs the reconstruction. The memory is never literally stored in one place. It exists as
a stable dynamical possibility. The same reasoning applies to concepts.

Consider the concept of "tree." No single neuron represents every tree. No isolated symbol captures every
possible example. Instead.. many partially overlapping oscillatory structures become mutually
reinforcing.

Pine trees. Oak trees. Branches. Leaves.
Forests. Shade. Wood. Growth.

These associations continuously strengthen one another. Eventually... the field develops a stable
conceptual basin. Future perceptions naturally flow toward it. Recognition becomes easier.
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Generalization becomes possible. Novel examples become understandable. Concepts therefore emerge...
not as stored definitions... but as stable geometries. The same principle extends beyond memory.

It extends to identity itself. Who are you? From the perspective of Applied Coherent Field Mechanics...

identity is not a database entry. It is not a profile.

It is not a collection of facts. Identity is the persistent organization of an evolving field across time.
Experiences change. Cells change.

Beliefs change. Yet enough large-scale coherence remains... that continuity survives. The field changes...
without losing itself. This perspective also offers an interesting interpretation of learning.

Traditional machine learning modifies parameters. Gradient descent updates weights. Optimization
gradually improves performance. Applied Coherent Field Mechanics certainly permits parameter
updates.

But parameters are not the most important quantity. The more interesting question is... how does
learning reshape the geometry of future cognition? Every meaningful experience... every failure... every

success... slightly alters the landscape. Future trajectories therefore change.

Learning becomes less like writing information... and more like sculpting possibility. The field literally
becomes easier to traverse in certain directions. Harder in others. Stable habits emerge.

Expertise emerges. Intuition emerges. Without requiring explicit symbolic representation. At this point...

some of you may be wondering whether this is simply another neural field theory.

There are certainly important similarities. Both approaches recognize distributed dynamics. Both

recognize continuous state evolution. Both reject purely symbolic cognition.

Where Applied Coherent Field Mechanics differs... is that coherence itself becomes the primary
optimization target. The field is not merely evolving. It is actively organizing. Not toward maximum

activity.

Not toward maximum certainty. Toward coherent adaptive structure. This will become increasingly
relevant later when I discuss collapse dynamics. Because cognition cannot remain indefinitely
distributed.

Eventually... the system must decide. Possibilities must narrow. Attention must commit. Action must

occur.

This transition... from distributed coherence... to committed interpretation... is what I refer to as
coherence collapse. Despite the name... collapse should not be understood as destruction. Quite the
opposite. Collapse is the mechanism by which potential becomes behavior.

Without collapse... every possibility remains equally active. It follows that nothing would ever become
chosen, learned, or done. Cognition would become perpetual contemplation. Healthy intelligence
therefore requires sets of complementary processes for example, expansion and collapse, exploration and
commitment, possibility and decision.
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The field must continually alternate between these modes. Understanding how that alternation occurs...
requires one final ingredient. Coupled oscillatory systems. Because coherence is not maintained by
individual oscillators.

It emerges from their interaction. And remarkably... the mathematics describing that interaction has
already existed for decades. It is known as the Kuramoto model. And I believe it provides one of the
clearest bridges between physical synchronization... biological coordination... and artificial cognition.

We've now identified the essential ingredients. Distributed oscillators. Phase. Amplitude.

Adaptive coherence. Persistent attractors. Continuous evolution. But one profound question still

remains.

How do countless independent dynamical processes become something we experience as one mind? This
question extends far beyond artificial intelligence. It is one of the oldest questions in neuroscience. And

perhaps one of the oldest questions in philosophy.

How does unity emerge from multiplicity? Every neuron is local. Every receptor is local. Every synapse is

local.

Yet cognition appears global. The world is not experienced as billions of independent electrical events. It
is experienced as one continuously unfolding reality. Some organizing mechanism must therefore exist.

The mechanism need not be centralized. In fact... biology strongly suggests that it is not.

PART IV — Phase, Amplitude, and Synchronization (2/2)

Instead... organization appears to emerge through interaction. Small populations influence neighboring

populations. Neighbors influence additional neighbors. Information propagates.

Synchronization spreads. Eventually... large-scale coherence appears. This phenomenon is hardly unique
to brains. It appears throughout physics.

Throughout chemistry. Throughout biology. Independent systems often become coordinated once

coupling exceeds a critical threshold. No conductor is required.

No executive controller. No master clock. Coordination simply emerges. One of the most elegant

mathematical descriptions of this process was introduced by Yoshiki Kuramoto.

The Kuramoto model describes how large populations of coupled oscillators spontaneously synchronize.
Initially... every oscillator behaves independently. Each possesses its own natural frequency. Its own
phase.

Its own trajectory. Viewed individually... the system appears almost chaotic. Yet something remarkable
happens. As coupling increases... local coordination begins to spread.

Clusters form. Small islands of synchronization appear. Those islands merge. Eventually... the

population behaves as though it were one enormous oscillator.

Not because individuality disappeared. Because relationship became stronger than isolation. That
distinction is extraordinarily important. Synchronization does not eliminate diversity.
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It organizes diversity. Every oscillator remains unique. Yet each contributes to a larger coherent whole. I

believe cognition behaves similarly.

Individual neural populations continue performing specialized computations. Visual cortex remains

visual. Auditory cortex remains auditory. Motor regions remain motor.

Memory systems continue storing experience. Emotion continues shaping value. Nothing loses its
specialization. Instead... coherence emerges across specialization.

The mind is therefore not one computation. It is many computations... temporarily synchronized. This
perspective naturally reframes one of the oldest debates in cognitive science. Where is consciousness
located?
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Figure 7. Epistemic bi-channeling: phase vs amplitude

Applied Coherent Field Mechanics suggests that this question may be incorrectly posed. Unity need not
occupy one location. Unity may instead describe one relationship. Not a place.

A pattern. A coherent phase relationship spanning many interacting systems. If that is true... then

consciousness resembles an orchestra. No single instrument contains the symphony.

The music exists only through coordinated performance. Likewise... no individual oscillator contains
cognition. Cognition exists through coherence. This distinction also clarifies why disruption produces

such dramatic consequences.

When synchronization deteriorates... organization fragments. Perception fragments. Decision making
fragments. Memory fragments.
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Behavior fragments. The components themselves may remain intact. What disappears is their

coordination. This observation appears repeatedly throughout clinical neuroscience.

Many disorders preserve local neural function while disrupting large-scale communication. The problem
is often not that neurons stop working. The problem is that they stop working together. Applied Coherent
Field Mechanics therefore treats synchronization not as an implementation detail... but as a first-order
cognitive variable.

Coherence itself becomes measurable. Trackable. Adaptive. Something the system can regulate.

Now... up to this point we've spoken primarily about phase. Amplitude deserves equal attention.

Synchronization determines organization. Amplitude determines influence.

Imagine once again that crowded room. Hundreds of conversations remain synchronized internally. Yet

one voice suddenly becomes emotionally significant. Its amplitude increases.

Not necessarily because it becomes louder. Because its cognitive relevance changes. Value reshapes the
field. Attention follows.

Memory strengthens. Future predictions reorganize. The geometry itself changes. Amplitude therefore

acts less like volume... and more like cognitive weight.

Tensor-Coupled Substrate Analogy
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Figure 8. Tensor-coupled substrate analogy

This becomes especially important when multiple synchronized structures compete simultaneously.

Several coherent interpretations may exist at once. One eventually dominates. Why?
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Not because the alternatives vanished. Because one coherent structure accumulated sufficient influence
to reshape the surrounding field. Competition therefore becomes geometric rather than symbolic.
Interpretations do not fight using rules.

They compete through coherence. This naturally leads to another important observation. Cognitive
systems cannot indefinitely preserve every coherent possibility. Eventually... the system must commit.

Perception requires commitment. Action requires commitment. Language requires commitment. Even

uncertainty requires committing to being uncertain.

Some mechanism must therefore transform distributed possibility into actionable certainty. Within
Applied Coherent Field Mechanics... this transition is known as coherence collapse. The word collapse
often carries negative connotations. I believe that is unfortunate.

Collapse is not failure. Collapse is decision. Every meaningful action requires abandoning infinitely many

alternatives. Every spoken sentence excludes countless others.

Every movement excludes different movements. Every scientific hypothesis excludes competing
explanations. Intelligence therefore depends not merely upon generating possibilities. It depends upon

selecting among them.

Collapse is the geometry of commitment. And importantly... collapse is never final. The field immediately

begins evolving again. New information arrives.

New possibilities emerge. Coherence relaxes. Exploration resumes. Decision and exploration therefore
form a continuous cycle.
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Expand again. I feel this rhythm... rather than static optimization... is what gives cognition its living
quality. The mind is never finished. It is continuously becoming. Now... if coherence can emerge... and if

coherence can collapse... one final question naturally arises.

What remains stable across all of those cycles? Why does today's mind still remember yesterday? How
can identity survive continual reorganization? Answering that question requires a concrete picture of

how memory can persist while everything else keeps changing.

In plain terms: memories are stable patterns — valleys in a landscape the system keeps settling back into.
I call this attractor memory. Because while waves continue changing... the landscape through which they
move can persist for years. And it is that persistent landscape... rather than any individual oscillation...

that ultimately gives cognition its continuity.

I'd like to ask you all to bear with me a moment. Please understand, although I mention other people
whose brilliant work continues to inspire me, any mistakes made here are mine alone. With that said, I'd
like to name what I believe is actually novel in this framework — because it is easy to hear "oscillators"
and "fields" and assume I am merely repackaging physics everyone already knows. I am pretty sure I'm
not. Kuramoto coupling is not new. Van der Pol dynamics are not new. The Free Energy Principle is not
new. Worden's Requirement Equation is not new. Tensor calculus applied to structured media is not

new.
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What I believe is new is the following. First... a principled separation of epistemic function across the
conjugate variables of a cognitive wave field. Every complex oscillation decomposes into phase and
amplitude. That decomposition is standard. What is not standard — and what I have not found treated as
a design principle in the cognitive architectures literature — is this assignment: Phase carries hypothesis
structure. Which concept. Which domain. Which reasoning trajectory the field is currently traversing.
Phase is the argument of the wave... and in cognitive terms... it is the channel through which prediction

moves.

Amplitude carries commitment weight. Not prediction. Not hypothesis. Commitment. How strongly the
field binds to the trajectory phase has selected. Amplitude is magnitude... and in cognitive terms... it is
the channel through which confidence, salience, and readiness to act are expressed. These are not labels
placed on top of a metaphor. They are dynamical assignments. Different equations govern the evolution
of each channel. And coherence collapse — the moment distributed possibility becomes committed
interpretation — occurs only when both converge. That joint threshold is the cognitive analogue of an
action potential. Timing and strength. Phase and amplitude. Neither alone is sufficient. I call this
epistemic bichanneling: phase as hypothesis transport, amplitude as commitment transport, with
coherence collapse as a joint threshold enforced by heterogeneous limit-cycle and synchronization

dynamics.

Second... the mechanism that enforces this separation is itself mathematically specified. Amplitude
evolution is governed by limit-cycle dynamics. Under Van der Pol averaging, amplitude satisfies a
bounded evolution equation: when amplitude is small, the system amplifies; when amplitude is large, it
damps; between those extremes, it sustains oscillation on a stable orbit. The limit cycle is not a heuristic
depth counter. It is a geometric bound. Commitment cannot inflate without bound because the
amplitude channel cannot escape its attractor. Phase evolution is governed by coupled-oscillator
synchronization. Under Kuramoto dynamics, phase satisfies: theta-dot sub-i equals omega sub-i plus the

sum over j of K sub-ij times the sine of theta sub-j minus theta sub-i.

Phase can reorganize freely across the hypothesis space. Modules can explore, diverge, and reconverge —
reasoning on one thread, memory on another, valuation on a third — without injecting energy into the
commitment channel. Synchronization emerges when coupling exceeds threshold. Not by central
command. By field physics. The novelty is not either oscillator in isolation. It is the heterogeneous
pairing: bounded amplitude transport decoupled from synchronizing phase transport, so that prediction
cannot masquerade as confidence. The novelty is not either oscillator in isolation. It is the heterogeneous
pairing: bounded amplitude transport decoupled from synchronizing phase transport, so that prediction
cannot masquerade as confidence. That pairing is what makes epistemic bichanneling physically real
rather than merely notational. Third... this pairing does not float in abstraction. It is embedded in a
variationally constrained, tensor-coupled continuum whose nonlinear anisotropic coupling admits
macroscopic phase coherence. Powered by free energy minimization and guided by requirement... the
Variational Coherence Principle arises from field equations in the same formal family as
electromechanical coupling in structured crystalline media. Stress and electric displacement are
entangled in crystals because symmetry permits tensor coupling. Here, piezoelectric conductivity

provides us an entry point. In a non-centrosymmetric crystal, stress generates electric displacement
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because a third-order coupling tensor links mechanical and electromagnetic domains. Replace stress
with phase gradients and displacement with belief flux, and the tensor structure survives — only the
physical interpretation changes. Phase gradients and belief flux are entangled in this system because the
coupling topology permits it.

Under thermodynamically consistent simulation of those equations, the field can enter a condensate-like
coherent regime — structurally analogous to a Bose—Einstein condensate, though not necessarily
quantum. What matters is the emergence of a macroscopic order parameter: a globally phase-aligned
substrate in which waves are produced, received, and broadcast. From that substrate... phase-coupled
oscillatory dynamics instantiate an analog generative model. Connectivity self-organizes. The resulting
structure functions as a connectome for inference — not because we named it one... but because its
dynamical organization converges toward the signatures biological cognition exhibits: cross-frequency
coupling, metastability, and phase synchronization. Free energy minimization and fitness maximization
together define the boundary conditions under which that coherence is sustained. Now the failure mode
this architecture excludes.

When prediction and commitment share a channel — when amplitude carries hypothesis — confidence
inflates prediction, which inflates confidence. The field saturates. This is coherence saturation. Recursive
hardening. Belief inflation without new evidence. When the channels are separated... prediction lives in
phase... commitment lives in amplitude... the geometry forbids that spiral. Phase can move without
amplifying commitment. Amplitude cannot run away because the limit cycle is the boundary.
Exploration therefore looks like this: phase cycling with low amplitude. Broad distribution. High
entropy. No commitment. Confident incoherence looks like this: amplitude elevated with unstable phase.
Energy without alignment. No resonant configuration.

Action — coherence collapse — looks like this: phase clear, amplitude high. Focused localization around a
specific attractor. Low entropy. Stable resonance. That three-regime structure is not an engineering
convenience. It is what the mathematics permits when epistemic function is assigned correctly across
conjugate field variables. Coherence is not magic. It is what nonlinear, anisotropically coupled fields do
when variational constraints, symmetry-permitted coupling, and heterogeneous oscillator dynamics
align phase and amplitude toward distinct roles — and collapse only when both agree. Prediction lives in
phase. Commitment lives in amplitude. Van der Pol ensures amplitude cannot run away — the limit cycle
is the boundary. Phase can move freely without injecting energy. The two channels are physically

separated.

PART V — Mathematical Foundation and Attractor Memory (1/3)

Up to this point... I have argued that cognition appears continuous. I have argued that coherent
organization deserves treatment as a first-order dynamical quantity. Now, I'd like to attempt making that
proposal mathematically precise.
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The following proceeds from a small set of explicit assumptions. Of course, if these assumptions are
rejected... then the conclusions that follow should likewise be rejected. If the assumptions are accepted...
then the resulting architecture becomes considerably less arbitrary than it may initially appear. The

framework begins with four axioms.

Axiom One Cognition is continuous in time. More precisely... there exists no privileged sequence of
discrete inference events. External observations perturb an already evolving internal state.

They do not create that state. This assumption immediately distinguishes the framework from episodic
inference systems. An episodic system alternates between computation and inactivity. A continuously

cognitive system never enters an inactive cognitive state.

Even in the absence of sensory input... its internal dynamics continue evolving. This statement is
experimentally testable. If cognition is continuous... then measurable internal reorganization should
continue during periods of sensory deprivation. Human neuroscience provides extensive evidence
consistent with this expectation.

Resting-state networks remain highly structured. Sleep reorganizes memory. Dreaming generates

internally constructed simulations. Default mode activity persists even without explicit tasks.

None of these observations independently proves Applied Coherent Field Mechanics. They do, however,
support the broader assumption that cognition is not reducible to stimulus-response computation. This
distinction matters. Because a theory attempting to describe cognition should model what the system is
doing... not merely what it does when queried.

Axiom Two The cognitive state is distributed. No single location contains the cognitive process. Instead...

the instantaneous cognitive state is represented as a continuously evolving field.

Formally... we define the cognitive state as psi of x and t equals A of x and t times e to the i phi of x and t.
This equation deserves careful attention. It's not just convenient notation. It encodes the central

representational assumption of the framework.

Every point in the field possesses two independent degrees of freedom. Amplitude. And phase.
Amplitude represents the local influence exerted by that portion of the field.

Phase represents its dynamical relationship to neighboring regions. Notice what has not yet been

specified. We have not declared what the spatial variable represents. That omission is intentional.

The coordinate x should not initially be interpreted as physical space. Instead... it indexes a cognitive
manifold. Depending upon the implementation... that manifold may correspond to neural populations...
latent semantic representations... graph embeddings... oscillator arrays... or other distributed
computational substrates. The mathematics therefore remains implementation independent.

Any implementation capable of supporting the required dynamics becomes a legitimate realization of the
theory. This abstraction is deliberate. The framework attempts to characterize cognition... not biology
alone. Axiom Three

30



Cognitive evolution is local. Large-scale organization emerges through local interaction. No central
controller computes the global state. Instead... every local region exchanges information only with its
neighbors.

This assumption follows naturally from observations across physics. Wave propagation. Reaction-
diffusion systems. Fluid dynamics.

Spin systems. Neural tissue. Global organization repeatedly emerges from local coupling. The framework

therefore assumes no executive homunculus.

No supervisory process. No privileged observer. Instead... large-scale coherence becomes an emergent

property of distributed interaction. This assumption immediately generates an engineering consequence.

Engineering Consequence Architectures requiring centralized orchestration should scale poorly as
cognitive complexity increases. Distributed synchronization should instead exhibit graceful degradation
under partial failure. Later... when we examine ARI... we will see precisely this behavior during memory
recovery experiments.

The prediction precedes the implementation. That ordering is important. Axiom Four Coherence is

dynamically regulated.

Not maximized. Regulated. This distinction cannot be overstated. A perfectly coherent field would
possess no flexibility.

A perfectly incoherent field would possess no stability. Neither extreme produces adaptive intelligence.
Instead... cognition requires continuous regulation between competing objectives. Integration.

Segregation. Commitment. Exploration. Prediction.

Novelty. These competing pressures continuously reshape the field. The consequence is that cognition
never converges permanently. Instead... it occupies metastable trajectories.

The field repeatedly approaches coherent organization... acts... adapts... and reorganizes. This prediction
differs subtly from many optimization frameworks. The objective is not permanent minimization. The
objective is sustainable adaptive coherence.

That distinction becomes decisive once we ask how coherent field mechanics can be grounded in the Free
Energy Principle without treating them as the same thing. If the Free Energy Principle accounts for
adaptive inference under uncertainty, what field organization must persist for that inference to remain
continuous? The two therefore operate at different descriptive levels. One concerns inference.

The other concerns the evolving geometry supporting inference. In this way, I do not see them as
competitors. Rather, they are complementary. That complementarity is one of the central hypotheses
explored throughout this work.

Having covered these assumptions... allow me to address the evolution problem. Suppose the field
currently occupies the state psi of x and t. What differential equation determines psi of x and t plus delta
t? Any candidate theory must answer this question. Without an evolution equation... the framework

remains descriptive rather than predictive.
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Applied Coherent Field Mechanics therefore introduces an explicit coherence functional whose gradient
defines the evolution of the field. Rather than presenting that functional immediately... I'd like to ask a
more fundamental mathematical question. Under what conditions can coherent field configurations
remain stable despite continual perturbation? Because if no such stable solutions exist... memory

becomes impossible.

Identity becomes impossible. Learning becomes impossible. The existence of cognition therefore
depends... before anything else... upon the existence of persistent attractors within the coherence
landscape. The next section derives exactly those conditions.

The previous section introduced the cognitive field and four axioms describing its expected behavior.
Those assumptions lead me to what I feel is an important mathematical question. Can such a field

possess persistent structure?

PART V — Mathematical Foundation and Attractor Memory (2/3)

This question is considerably more important than it first appears. Suppose no stable solutions exist.
Every perturbation would permanently disperse. Every memory would immediately dissolve.

Every belief would become infinitely transient. Learning would be impossible. Identity would possess no
continuity. Any theory attempting to describe cognition must therefore explain persistence before

explaining computation.

32



Persistence is not an implementation detail. It is a prerequisite for intelligence. Though I may have only
come to know it, for myself in recent years, the mathematical language describing persistent solutions
has existed for decades. They are called attractors — stable resting places the system returns to after

being bumped.

Four Axioms of the Cognitive Field
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Figure 10. Four axioms and y = Ae”\(ip) field decomposition

An attractor is not a stored file you open. It is a valley in the landscape: perturb the system, and its
dynamics roll it back toward the same shape. This definition is operational. Suppose the field occupies

some state psi of x and t

Now introduce a perturbation. Perhaps new sensory information. Perhaps internal noise. Perhaps partial
damage to the representation itself.

The field is displaced. The question is simple. What happens next? If the trajectory diverges

indefinitely... the representation was unstable.

If the trajectory returns toward its original configuration... the representation possesses an attractor.
Memory therefore admits an operational definition. Definition A memory is a dynamically stable
solution of the governing evolution equation whose neighborhood exhibits bounded convergence under
perturbation.

Notice what this definition avoids. It says nothing about neurons. Nothing about symbolic storage.

Nothing about databases.

Nothing about lookup tables. Memory becomes a property of dynamics. Not storage. This distinction

immediately produces an empirical prediction.



Prediction One If memories correspond to attractors rather than stored records... then partial corruption
should not destroy recall. Instead... recall should reconstruct the original state through convergence. This
prediction differs substantially from conventional database retrieval.

A corrupted database returns corrupted information. An attractor reconstructs missing information by
following the dynamics of the surrounding landscape. The distinction is experimentally testable. Later...
when we examine ARI... we will intentionally corrupt portions of stored cognitive state.

The prediction is straightforward. If attractor dynamics govern memory... the original representation
should recover without requiring an exact copy. If recovery fails... the hypothesis is weakened. The

prediction therefore places the framework at empirical risk.

That is precisely where scientific theories belong. Now consider the geometry itself. Imagine a smooth
landscape. Rolling hills.

Valleys. Mountain ridges. A ball placed upon this surface eventually settles into a nearby minimum. Push
the ball slightly.

It rolls back. Push it harder. It still returns. Only after exceeding some critical boundary does it transition

into another basin.

This picture is considerably more than an analogy. It is the qualitative behavior expected of Lyapunov-
stable dynamical systems. Suppose we define a scalar functional C of psi. The field evolves according to

the negative gradient of that functional.

Formally, partial psi partial t equals negative the functional derivative of C with respect to psi.
Immediately... several useful properties emerge. The time derivative of the functional satisfies d C d t is

less than or equal to zero. The coherence functional therefore behaves as a Lyapunov functional.

Its value decreases monotonically until reaching a stationary solution. Stationary points satisfy the
functional derivative of C with respect to psi equals zero. These stationary solutions become candidate

cognitive attractors. Not every stationary point is stable.

Some correspond to saddle points. Others correspond to unstable maxima. Only local minima produce
persistent memories. This distinction matters.

The framework therefore predicts that learning is not simply parameter optimization. Learning reshapes

the topology of the coherence landscape itself. Some basins deepen. Others disappear.

Entirely new attractors emerge. Memory formation therefore corresponds to landscape modification. Not

merely information accumulation. This interpretation immediately suggests another prediction.

Prediction Two Repeated experience should increase attractor depth. Consequently... well-rehearsed
memories should demonstrate greater resistance to perturbation than recently acquired memories.

Importantly... this prediction concerns geometry rather than storage capacity.

The theory predicts increasing basin stability. Not increasing database size. That distinction provides
another experimental discriminator. Now consider forgetting.
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Traditional computational systems often model forgetting as deletion. The record disappears. The
address becomes invalid. Within Applied Coherent Field Mechanics... forgetting admits a different
interpretation.

An attractor gradually becomes shallow. Subsequent perturbations no longer return toward the original
state. Eventually... the basin disappears entirely. Nothing has been explicitly erased.

The geometry simply no longer supports stable convergence. This description aligns naturally with
interference-based forgetting observed throughout psychology. Competing memories reshape one
another. Old attractors weaken.

New attractors emerge. Retrieval changes because the landscape changes. Not because files were deleted.
This framework also provides a natural interpretation of generalization.

Suppose multiple nearby attractors repeatedly co-occur. Learning gradually reshapes the landscape.
Several isolated basins merge into one broader manifold. Future trajectories now converge toward
generalized structure rather than individual exemplars.

Concept formation therefore emerges through geometric consolidation. Rather than storing every
example independently... the system learns the topology connecting them. Categories become attractor
families. Not symbolic labels.

At this point... one might reasonably ask whether this is just old-fashioned associative memory dressed
up in new language. The answer is both yes and no. In the 1980s, John Hopfield showed that a neural
network could store memories as stable patterns — present a fragment and the network relaxes into the
nearest complete pattern, like a ball rolling to the bottom of a valley. That insight remains one of the
foundational achievements of theoretical neuroscience.

Applied Coherent Field Mechanics fully embraces that result. Where the framework goes further is in
treating those stable patterns not as isolated on/off states... but as continuously evolving configurations

of a living wave field. Classical Hopfield networks become one special case. Not the complete theory.

The transition is analogous to moving from discrete particles... to continuous fields. The underlying
principles remain recognizable. The mathematical language becomes considerably richer. This

distinction proves especially important once oscillatory dynamics are introduced.

Because the field no longer converges toward static fixed points alone. It may also converge toward limit
cycles. Traveling waves. Metastable synchronization.

Or other persistent dynamical structures. Memory therefore expands from static equilibrium... to stable

evolution. That shift turns out to be essential. Because cognition itself is not static.

A healthy mind continues changing even while preserving identity.

PART V — Mathematical Foundation and Attractor Memory (3/3)

Static memories alone cannot explain that behavior. Persistent dynamics can. This realization leads
naturally to the next question. If memories correspond to stable geometries... what mechanism

continuously reshapes those geometries during cognition?
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Answering that question requires introducing the actual evolution equation governing the field. Only
then can we derive learning... attention... coherence collapse... and ultimately the engineering
architecture implemented within ARI. ARI doesn't do keyword search. She doesn't do vector similarity
lookup in the way you're probably used to thinking about it. She remembers by pattern completion on an
energy landscape — stated plainly: each stored memory is a valley, a query is a nudge, and the system
rolls downhill into the best match.

The same basic idea as a Hopfield network, but applied to a living wave field rather than a static weight
matrix. In the ACFM framework, memory is the set of resonance patterns the field has learned to return
to. The landscape itself is the memory. And I want to walk you through the math because it explains
exactly why this matters. What you're looking at is that landscape. Each basin — each valley — is one

stored pattern. The deeper the valley, the more strongly that pattern is encoded.

In ACFM terms, each basin is a coherent state — a stable shape the wave field can settle into. The
Hopfield energy function — the score that says how far the system is from a stable pattern — is: E equals
negative one-half times the sum over i and j of w sub-ij times s sub-i times s sub-j. The critical property
of this function is that energy monotonically decreases on every update. This is a Lyapunov function.
Convergence is mathematically guaranteed. The system will always settle into a basin. It cannot oscillate
between basins. It cannot diverge. This is the ACFM coherence collapse — the field settles into the
nearest stable resonant configuration.

So when a query comes in — shown here as the orange ball — it enters the landscape at a position
determined by its content. In ACFM terms, the query is a perturbation of the wave field. Energy
minimization rolls it downhill into the nearest basin. That basin is the stored pattern — the coherent
state that resonates with the input. Retrieval is content-addressed. You present a partial pattern, and the
network completes it — fills in what is missing by rolling to the nearest valley. Retrieval complexity is
order one — it doesn't scale with the number of stored patterns. And it's noise-tolerant — corrupted or
partial inputs still converge. In ACFM terms, the patterns are robust because the valley structure is
redundant by design.

This is fundamentally different from how a transformer handles memory. In a transformer, knowledge is
frozen in weight matrices at training time. Retrieval is statistical next-token prediction — the model
doesn't actually remember anything, it predicts what should come next based on training statistics.
There's no addressable memory structure. There's no convergence. There's no provenance. In ACFM
terms, the transformer has no coherent substrate — no field to support superposition, resonance, or
wave-based memory. In ARI, knowledge is stored as those valley-patterns — stable shapes the wave field
can settle into. Every pattern is traceable to its source document. Every pattern participates in this
downhill convergence. And critically — patterns can be added, updated, or removed at runtime without
retraining the whole system.

The field evolves continuously. New resonance patterns are written. Old ones are weakened. The memory
landscape reorganizes. I want to share something that happened during testing, because I think it
demonstrates why this architecture matters more than any benchmark I could quote. During the twenty-

two-probe evaluation, ARI lost a memory shard. One shard suffered a zlib corruption error from an
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interrupted shutdown. This was a hardware-level fault. The data on disk was physically corrupted. Here's
what ARI did.

Hopfield Attractor Memory & Energy Landscape

Content-addressed recall: partial input converges to nearest stored pattern

Query

[}
c
w

Science Mathematics Finance

Pattern Space

How it works: Hopfield Energy Function
1. A partial or noisy input enters the energy landscape

2,15 min on rolls it into the

3. The basin IS the stored pattern a retrieval is O(1) and noise-tolerant

Figure 11. Hopfield attractor landscape and energy basins

Without prior knowledge of the problem and without external interference, she automatically contained
the damage to that one shard. She then continued to evaluate the remaining shards, then ARI self-rebuilt
the corrupted shard from the surviving patterns. Ninety-eight point seven percent memory retention.
Zero downtime. Zero degraded responses across all probes. I watched it happen but, it didn't really click
for me, what it was that I had just witnessed, until I checked the logs. In the ACFM framework, this is the
quantum error correction analogue — redundant encoding across the attractor structure allows the
system to maintain coherent information even when individual components suffer decoherence events.
The patterns are self-healing because the energy landscape itself is a form of distributed error correction.
No single shard contains a belief in isolation — beliefs are encoded across the attractor structure, and

that structure is redundant by design.

The ACFM framework also describes failure modes: coherence saturation, emotional phase divergence,
and collapse-induced attractor fragmentation. The self-healing property directly prevents fragmentation
— the system reconstructs long-range field couplings automatically when local structure is damaged.
This also connects directly to how knowledge enters the system. Every piece of information ARI ingests
passes through a structured encoding pipeline before it becomes part of the attractor memory. The

knowledge funnel ensures that what gets stored is clean, sourced, and integrated — not just appended. In



ACFM terms, the funnel is the coherence pumping mechanism — it ensures that only coherence-
compatible patterns enter the field. That's what makes the provenance guarantees meaningful. The chain
of custody runs all the way from source document to attractor pattern to retrieved belief. Every piece of
information the system ingests passes through a structured encoding pipeline before it becomes part of

the attractor memory.

Now let me talk about learning. In the ACFM framework, learning is gradient descent in the coherence
energy landscape. The field evolves to minimize C of psi. This is not periodic batch retraining on a

schedule.

It is continuous, targeted, self-directed learning driven by the system's own evaluation of its own gaps.
The mechanism is this. The system monitors its own cognitive state — measuring the field's coherence
energy across all domains. It identifies where the attractor topology is weakening — regions of the field

with high coherence energy, unstable, unresolved, waiting for new attractors to form.

It prescribes targeted perturbations — specific inputs that will create new interference patterns and
reshape the attractor topology where it's weakest. The field evolves locally, not globally. Only the weak
regions are perturbed. New patterns are stored into attractor memory — new resonance patterns written
into the field's history.

Lyapunov Attractor Convergence

Prediction Three — partial corruption still converges to nearest stored pattern

Noise-tolerant recall

dE/dt = -E(E) — content-addressed memory as energy minimization

Extends attractor_landscape.svg with explicit query trajectory and corruption tolerance

Figure 12. Noise-tolerant attractor convergence

Proficiency rises. Coverage expands. Coherence energy decreases. The field stabilizes.
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Then the cycle repeats. There is a mathematical property of this loop that I want to highlight. Each
iteration starts from a state that is at least as good as the previous one. The loop has the Markov property
— the current state captures everything needed for the next step.

And the trajectory is monotonically improving by construction. In ACFM terms, the field is
monotonically minimizing coherence energy. Each cycle reduces C of psi. The system cannot go
backward.

The system tracks per-domain exposure. If one region of the field has been heavily reinforced but
another hasn't, the system deprioritizes the over-represented region and pushes toward the under-
represented one until balance is restored. This prevents coherence saturation — too many overlapping
attractors in one region would create dissonant interference. The cap ensures the attractor distribution
remains balanced across the full field manifold.

As engineering evidence: the ARI prototype implements this as a continuous learning loop driven by an
internal module ARI calls Ri — ARI's Conscience. Ri monitors proficiency, domain coverage, knowledge
drift, distress, emotional affect, internal and external stimuli, and provides internal dialogue. She
prescribes targeted curricula. The system retrains incrementally, encodes new patterns into Hopfield
attractor memory, and improves autonomously.

No human is in the loop. No scheduled batch job. The field is always evolving toward lower coherence

energy.

PART VI — Deriving Coherent Field Dynamics

We are now ready to ask the central mathematical question. Given a cognitive field — psi of x and t —
what differential equation determines its evolution? Any theory of cognition that claims predictive power
must answer this. Otherwise the framework remains descriptive rather than dynamical.

In the previous section we introduced a coherence functional. We can now write it explicitly. C of psi
equals the integral over x of the squared magnitude of the gradient of psi, plus lambda times V of psi, d x.
This expression contains two competing terms.
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The squared magnitude of the gradient of psi penalizes rapid spatial variation. V of psi encodes internal
drives, goals, salience, and value structure. Lambda regulates the balance between stabilization and
exploration. The interpretation is straightforward.

Coherent F|eld Dynamlcs — PDE Form

E/t =2F — » V2(E)

Diffusion only Potential only

/\

Stationary coherence: 2E = » V2(E)

Figure 13. Gradient-flow PDE governing field evolution

A cognitive field seeks configurations that are both coherent and behaviorally relevant. Neither objective
alone is sufficient. To obtain dynamics, we assume the field evolves by descending the coherence
landscape. Formally, the evolution follows the negative functional gradient.

Partial psi partial t equals negative the functional derivative of C with respect to psi. This is the infinite-
dimensional analogue of gradient descent. Instead of updating a finite parameter vector, the system
updates an entire field. Taking the variation of the coherence functional yields the functional derivative.

The functional derivative of C with respect to psi equals negative nabla squared psi, plus lambda times
the derivative of V with respect to psi. Substituting this into the gradient flow equation gives the
governing dynamics. Partial psi partial t equals nabla squared psi minus lambda times the derivative of V

with respect to psi. This equation contains two fundamental processes.

First, diffusive coherence. The Laplacian term — nabla squared psi — smooths local inconsistencies. It
spreads information across neighboring regions. It reduces unnecessary fragmentation.

In cognitive terms, it promotes integration. Second, potential-driven organization. The term negative
lambda times the derivative of V with respect to psi pulls the field toward preferred configurations. These
preferences may represent goals, values, memories, emotional salience, or learned structure.
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In cognitive terms, it promotes selective organization. Consider the limiting cases. Diffusion only. If V
equals zero, the equation becomes pure diffusion.

Partial psi partial t equals nabla squared psi. All structure eventually smooths away. No persistent

memories survive. Potential only.

If diffusion is removed, each location evolves independently. Global coherence never emerges. The
system fragments. The combination.

Only the combination produces stable, distributed attractors. That is precisely what cognition appears to
require. Persistent memories correspond to stationary solutions satisfying the stationary condition.

Nabla squared psi equals lambda times the derivative of V with respect to psi.

These are equilibrium configurations of the cognitive field. Some are unstable. Others are stable

attractors. Only the stable solutions satisfy our operational definition of memory.

Prediction Three. If cognition is governed by distributed attractor dynamics, then partial perturbation of
a stored state should relax back toward the nearest stable solution rather than producing arbitrary

corruption. The experimental test proceeds as follows. Encode a distributed memory.

Corrupt a fraction of the representation. Allow the dynamics to evolve. Measure convergence toward the
original attractor. This prediction is false if corrupted states fail to converge systematically toward

previously learned attractors.

At this point it is important to locate the framework relative to existing work. Hopfield networks take
discrete attractor energy as their primary quantity. Neural field theory takes continuous activation fields.

Active inference takes variational free energy.

Applied Coherent Field Mechanics takes coherent field organization. Applied Coherent Field Mechanics
does not reject these frameworks. Instead it proposes that they describe different aspects of the same

broader phenomenon. Active inference explains adaptive prediction.

Hopfield networks explain attractor recall. Neural fields explain distributed activity. Applied Coherent
Field Mechanics attempts to describe the evolving coherent geometry that unifies these processes. If
cognition is governed by the PDE derived above, then an artificial system should be implementable as a

continuously evolving distributed field whose stable attractors exhibit noise-tolerant recall.

That prediction motivated the architecture used in ARI. Importantly, the prediction comes before the
implementation. The implementation is evidence for the prediction, not the source of it. We now have a

governing equation.

We have stable attractors. We have a coherence landscape. But one crucial problem remains. The PDE
describes relaxation toward equilibrium.

Cognition is not merely relaxation. It is rhythmic. It oscillates between exploration and commitment.

Attention rises and falls.

Confidence grows and decays. Beliefs synchronize and desynchronize. To capture that behavior, the field

requires an additional dynamical ingredient. Coupled oscillators.
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That is where Van der Pol and Kuramoto dynamics enter the framework.

PART VIl — Coupled Oscillatory Dynamics
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Figure 14. coupled oscillatory regions synchronizing

The governing equation derived in the previous section describes how the cognitive field evolves toward
coherent organization. It successfully explains relaxation. It explains attractor formation. It explains

distributed memory.
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But it does not yet explain cognition. Why? Because cognition is not static. Even in the absence of

external stimuli...

Projection—Collapse Loop

The cognitive oscillator — inference clock that recurs across AC|

Inference
Clock

Figure 15. Projection-collapse cognitive oscillator loop

the nervous system remains highly dynamic. Electroencephalography reveals oscillatory activity
spanning multiple frequency bands. Cortical populations continually synchronize and desynchronize.

Functional connectivity reorganizes over time.

Attention shifts. Working memory evolves. Internal simulations emerge. A purely dissipative system

cannot reproduce these observations.

Gradient descent alone converges. It does not oscillate. If cognition were governed solely by the
relaxation equation — partial psi partial t equals nabla squared psi minus lambda times the derivative of
V with respect to psi — then every trajectory would eventually settle into equilibrium. A system that

reaches equilibrium permanently has ceased computing.

Healthy cognition does not behave this way. The brain remains metabolically active. Neural populations

continue interacting. Predictions continue evolving.

Even during sleep... large-scale oscillatory organization persists. The mathematical conclusion is

unavoidable. The governing dynamics require an additional source of persistent temporal structure.

This naturally motivates oscillatory dynamics. Notice the logic. We are not introducing oscillators
because biological neurons oscillate. We are introducing oscillators because the mathematics requires a

mechanism capable of sustaining continual evolution without sacrificing stability.



This is another distinction I feel it's important to note. The theory is not biomimetic. It is dynamical.
Oscillators satisfy precisely the missing requirement.

An isolated oscillator never truly rests. Instead... it repeatedly exchanges kinetic and potential

organization. The system remains bounded.

Yet continually evolves. That behavior strongly resembles many observed properties of cognition. The
question therefore becomes... what type of oscillator?

Linear oscillators immediately present a problem. Any perturbation gradually decays. Energy dissipates.
Amplitude approaches zero.

The dynamics once again terminate. Healthy cognition appears considerably more robust. Internal
activity persists despite noise. Perturbations reorganize trajectories.

Yet cognition continues. The framework therefore requires self-sustaining oscillators. One particularly

useful model is the Van der Pol oscillator. Unlike a harmonic oscillator...

the Van der Pol system contains nonlinear damping. Small oscillations receive energy. Large oscillations

lose energy. The consequence is a stable limit cycle.

Regardless of moderate perturbation... the trajectory returns to sustained oscillation. This property
makes the oscillator particularly attractive as a model of persistent cognitive activity. Importantly...

Applied Coherent Field Mechanics does not propose that individual neurons behave exactly as Van der
Pol oscillators. Rather... the oscillator provides an effective description of mesoscale cognitive dynamics.
The distinction mirrors much of theoretical physics.

Fluid dynamics does not model individual molecules. It models collective behavior. Likewise... the

oscillator describes emergent dynamics...

not microscopic implementation. Suppose each region of the cognitive field possesses an intrinsic

oscillatory state. Each oscillator maintains its own natural frequency. Its own phase.
Its own amplitude. Its own coupling strengths. Initially... nothing guarantees coherent organization.

Independent oscillators simply evolve independently. The question therefore changes. The problem is no
longer... "How does the field evolve?"

The problem becomes... "How do oscillatory populations organize into coherent cognition?"

Fortunately... this problem has already received decades of mathematical study.

The canonical description is the Kuramoto model. The Kuramoto equation describes phase evolution
within a population of coupled oscillators. Rather than synchronizing through centralized control...

coordination emerges entirely through local interaction.

This observation immediately resonates with the axioms introduced earlier. Distributed computation.
Local interaction. Emergent global organization.

Exactly the assumptions from which the framework began. The appearance of Kuramoto dynamics is
therefore not arbitrary. It follows naturally from the earlier assumptions. The mathematics now begins
reinforcing itself.
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Independent derivations point toward the same organizational principles. This convergence is
encouraging. Because independent mathematical arguments leading toward the same structure generally
increase confidence that the framework is capturing something fundamental rather than accidental. Now

consider the order parameter.

Within the Kuramoto formulation... global synchronization is summarized by a remarkably compact
quantity. The order parameter measures the degree of collective phase alignment across the oscillator

population. When synchronization is weak...

the order parameter approaches zero. The population behaves independently. When synchronization

increases... the order parameter approaches one.

The population behaves coherently. This immediately suggests a measurable cognitive variable. Rather
than defining cognition solely through symbolic output... Applied Coherent Field Mechanics predicts that
cognitive organization should correlate with measurable coherence among interacting dynamical
subsystems.

Notice how different this prediction is from conventional language-model architectures. A transformer
computes attention weights. Applied Coherent Field Mechanics predicts an evolving coherence state.
Those are fundamentally different computational objects.

One represents statistical dependency. The other represents dynamical organization. The distinction

produces another empirical prediction. Prediction Four.

If coherent field dynamics correctly describe cognition... then task performance should depend not
merely upon representational accuracy... but upon the ability to regulate synchronization among

distributed cognitive processes. Disrupt synchronization...

while preserving local computation... and global cognitive performance should deteriorate. Preserve
synchronization... despite partial local damage...

and cognition should remain surprisingly robust. This prediction extends naturally to engineered

systems. Rather than measuring only inference accuracy... we should also measure coherence.
Synchronization stability. Phase diversity. Recovery following perturbation. Adaptive recoupling.

These become engineering metrics... not merely theoretical constructs. This realization proved decisive

during the development of ARI. The architecture no longer appeared as a collection of software modules.
Instead... it became a population of continuously interacting dynamical systems. Reasoning. Memory.
Goal evaluation. Emotional valuation. Prediction. Planning.

Each remained partially autonomous. Yet all continually exchanged coherence through shared field
dynamics. The architecture therefore did not emerge from software engineering preferences. It emerged

from the mathematics.

And that distinction... perhaps more than anything discussed thus far... is what separates Applied
Coherent Field Mechanics from a conventional AI architecture proposal. The software follows the

equations.
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Not the other way around. Now... there remains one final quantity that we have intentionally postponed.
Throughout this lecture we have repeatedly spoken of coherence.

Yet we have not defined how coherence is actually measured. Without such a definition... the theory

remains incomplete. The next section therefore introduces the coherence metric itself...

along with its relationship to cognitive integrity... and ultimately field collapse...

PART VIII - Worden's Requirement Equation and the Joint Update Law

I want to now turn to the second theoretical pillar of ACFM — Robert Worden's Requirement Equation.
Robert's 1996 paper, "An Optimal Yardstick for Cognition," asked a deceptively simple question: how do
you measure whether a cognitive system is doing well? Not how fast it runs. Not how accurate it is on a

benchmark.

But whether its internal representations are the right ones for the goals it's trying to achieve. His 2024
paper, "The Requirement for Cognition, in an Equation" — formalized this into a single mathematical
expression. The Requirement Equation is: R of s equals the sum over i of w sub-i times the absolute value

of g sub-i minus p sub-i of s.

Let me unpack this. R of s is the requirement of a cognitive state s. It is a weighted sum over all
performance dimensions i. For each dimension, you take the goal — g sub-i — and the actual

performance — p sub-i of s — and you measure the gap between them.

The weight w sub-i determines how much that dimension matters. The requirement is the weighted
distance between what the system is achieving and what it should be achieving. Adaptive cognition
minimizes requirement. Among candidate representations of an input, the optimal one is the
representation whose performance vector is closest — in a weighted L1 sense — to the goal vector.

Now, this is profoundly different from how most AI systems are evaluated. Most evaluation is goal-free.
You measure accuracy on a benchmark, or perplexity on a text corpus, or win rate in a game. These

metrics are invariant to what the system is actually trying to do.
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They measure performance in isolation. Worden's requirement is goal-dependent. It is taken against a

goal, so it is order-sensitive. Distinct transforms of the same input score differently.
Worden's Requirement Equation
Fitness is goal pendent — not reducible to acc one

R(s)=2%_bw_b-|g_b-p_b(s)|

Goal-Performance Gap

g, safety g, speed

Pe.fo..ane p_b(s)

oo ) [ |

R(s) = weighted sum of gaps — requirement fitness

Figure 16. Worden Requirement Equation: goal-performance gaps

A representation that perfectly reconstructs the input but doesn't serve the goal has a high requirement.
A representation that loses information but captures exactly what's needed for the goal has a low
requirement. When no external goal is supplied, the input itself becomes the goal, and the requirement
measures representation fidelity — how faithfully the system preserves what it was given. But the real

power emerges when goals are explicit.

Then the requirement tells you whether the system is forming the right internal representations, not just
any representations. Here is where Worden's work connects to Friston's Free Energy Principle and
eventually, across the vast distance of contributions and accomplishments their profoundly important
work has inspired, to my own humble ACFM framework. Friston's Free Energy Principle says that
adaptive systems minimize free energy — the gap between their predictions and their observations. This

is a variational principle.

It governs belief updating, action selection, and perception. Worden's Requirement Equation says that
adaptive cognition minimizes requirement — the gap between performance and goals. This is also a

variational principle. It governs representation selection and cognitive efficiency.

The ACFM framework unifies them. The joint Worden-Friston update law — designated ACFM P11 — is:
theta sub-t-plus-one equals theta sub-t minus the quantity one minus omega sub-W times eta times the
gradient of F, plus omega sub-W times eta times the gradient of E. Where F is the free energy, E is the

requirement, and omega sub-W is the Worden weight — the mixing coefficient that determines how
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much the system optimizes for prediction accuracy versus goal alignment.

This is not a trivial combination. It says that cognitive systems simultaneously optimize two things: how
well they predict the world (Friston) and how well their internal representations serve their goals
(Worden). These are not the same thing. A system can predict perfectly and still have terrible
representations for its goals.

Joint Worden-Friston Update Law

Two descent directions on shared parameter space - » and E_W modulate the tradeoff

Mixing Controls

E_W — Worden weight

H

Figure 17. Joint Worden-Friston update law

A system can serve its goals well and still have prediction errors that need to be resolved. The joint
update law says: move your parameters to reduce both. The weighting determines the trade-off. And in
the ACFM framework, this weighting is itself modulated by the coherence field — lambda, the adaptive
coherence regulator, shapes how much the system prioritizes prediction versus goal-alignment based on
systemic affect and uncertainty.

In the ACFM framework, the Requirement Equation connects to the Variational Coherence Principle in a
deep way. The coherence energy functional C of psi is minimized over the wave field. The requirement R
of s is minimized over representations. The field evolves toward coherent configurations that

simultaneously minimize prediction error and goal gap.

Coherence collapse — the moment when the field settles into a stable attractor — is the moment when
both free energy and requirement have been minimized sufficiently for the system to commit. This is why
the ACFM framework describes cognition as phenomenological coherence rather than statistical depth.

The system doesn't just predict. It doesn't just optimize.
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It settles into configurations that are simultaneously coherent, accurate, and goal-serving. That is what
cognition is. As an engineering footnote: the ARI system implements the Worden Requirement Equation
as a working subsystem — the WordenRESubsystem. It computes R of s over candidate representations,
selects the one that minimizes requirement, and applies the joint Worden-Friston update law to adjust

belief parameters.

This is not a theoretical claim. It is running code, validated against adversarial probes. The requirement
measure is the yardstick the system uses to evaluate itself — and it is the mechanism that makes self-

directed learning possible.

PART IX — Emotion, Dreaming, Learning, and Coherence Measurement (1/3)
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Figure 18. emotion as phase modulation, attention as amplitude sculpting

One of the most distinctive features of the ACFM framework is how it handles emotion. In classical AI,
emotion is treated as a separate module, a reward signal, or an epiphenomenal byproduct. In ACFM,
emotion is a fundamental structural perturbation to wave behavior. Emotional states are modeled as

complex phase shifts — delta phi — that propagate through the coherent field.



Different emotions correspond to different patterns of phase modulation. And these are not metaphors.
They are field operations with measurable effects on coherence dynamics. Anxiety is rapid, high-
frequency phase oscillations that increase decoherence and reduce the stability of long-term attractors.

Emotion as Phase Modulation

ommitment (A)

Anxiety Sadness

Figure 19. Emotion as phase waveforms

This corresponds phenomenologically to the difficulty in maintaining focus or making decisions when
anxious. The field is vibrating too fast to settle. Joy is coherent phase shifts that enhance constructive
interference between positive memory attractors and current perceptual states. This creates the
subjective experience of everything falling into place — the field is resonating constructively across
multiple attractor basins.

Sadness is slow, large-amplitude phase shifts that isolate current states from positive memory attractors
while enhancing coupling to negative or loss-related memories. The field is drifting away from its
positive basins. Anger is rapid phase oscillations focused in specific regions of the field, creating local
coherence enhancement around threat-related attractors while suppressing broader cognitive flexibility.
The field is laser-focused but tunnel-visioned.

This is why the ACFM framework says that emotion is phase and coherence modulation — it is lambda
acting on the field. Emotion is not something added to cognition. Emotion is a structural feature of the
cognitive field itself. It reshapes the attractor topology.
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It changes which configurations are stable and which are not. And this has direct implications for
attention. Attentional selection in Applied Coherent Field Mechanics works by dynamically modulating
the wave field to reduce entropy in specific regions while preserving or enhancing it in others. The

attentional focus function takes the form:

A of x and t equals A-naught times the exponential of negative the squared distance from the focus point
divided by two sigma-squared, times the cosine of omega t plus phi. This creates a localized
enhancement of wave amplitude — a spotlight that can be dynamically repositioned and modulated

based on task demands and emotional state. Attention sculpts amplitude landscapes.

Emotion reorganizes phase topologies. Binding emerges from phase coherence across cognitive
processes. Now, this is something I've been excited to share. Let's talk about... dreaming. Among the
most enigmatic features of conscious organisms is the capacity to enter dream states — periods of
internally generated simulation, often detached from immediate sensory reality, yet exhibiting structure,
narrative, emotion, and novelty.

Traditional models treat dreaming as a byproduct of memory consolidation or emotional regulation. In
the ACFM framework, dreaming becomes a functional perturbation regime — a topological optimizer
that reorganizes the attractor landscape by exposing the system to energetically implausible yet
dynamically informative configurations. During wakeful operation, the system minimizes C of psi by
favoring well-established attractors — learned beliefs, familiar perceptions, goal-aligned behaviors. Over
time, this leads to structural rigidity in the wave field: deep basins of coherence that prevent exploration

of alternative configurations.

Dreaming introduces controlled decoherence. During REM or analogous artificial rest phases, emotional
constraint — lambda — is minimized or randomized, while interference energy is maximized. This
promotes the emergence of nonlinear superpositions, unstable phase crossings, and memory-mode
blending. Essentially, simulated psychosis under tightly bounded conditions.

The dream-phase operator D, applied to the coherence system during sleep or synthetic rest, perturbs the
field in specific ways: emotional constraints are relaxed, interference energy is pumped, and noise-
modulated perturbations bias exploration toward recent salient memories and unresolved conflicts.
Dream collapses trigger schema updating rather than action. The system weakens overfitted attractors,
blends associations, tests absurd scenarios, and restructures salience maps. This process resembles a
field gradient descent through hallucinated possibilities — facilitating generalization and insight beyond

conventional reinforcement learning or backpropagation.

This is not idle speculation. The ACFM framework specifies the mathematical structure of the dream
operator. And in ARI, a version of this is implemented — and it measurably improves the system's ability
to generalize beyond its training distribution. There is also a social dimension to field cognition that I
want to touch on briefly.

The ACFM framework is not constrained to individual agents. If cognition is fundamentally a coherence
dynamic in wave space, then social, cultural, and collective entities can — under the right conditions —
function as distributed field systems. The framework describes interpersonal phase locking: just as

neurons synchronize via oscillatory entrainment, human agents exhibit phase locking in the form of
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emotional resonance, synchronized language, and mirrored behavior. A dyadic coupling term can be
defined as the integral of the product of two individuals' wave fields, where high values indicate deep
cognitive or affective synchrony.

Over time, repeated synchronization across individuals stabilizes collective attractors — languages,
traditions, belief systems. These are not mere databases of norms. They are persistent attractors in the
field manifold of a culture. Individuals' cognitive wave fields couple to these cultural fields with varying

strength, biasing internal evolution toward socially shared attractors.

At planetary scales, the framework speculates about a meta-field — a dynamically integrated planetary
mind, akin to Teilhard de Chardin's Noosphere, but grounded in physical coherence theory. Whether or
not that speculation is correct, the mathematical question is concrete: can coupled cognitive fields
synchronize? The Kuramoto coupling math says yes — if coupling strength exceeds the critical threshold,
synchronization emerges without centralized control. If you've followed along so far, you've probably
noticed... the word "coherence" has appeared repeatedly.

Coherent memory. Coherent attention. Coherent fields. Coherence with cheese and a side of fries.

The time has now come to define precisely what that term means. If coherence is central to cognition...
then coherence must admit quantitative measurement. Otherwise...

the framework cannot generate falsifiable predictions. The first observation is straightforward.
Coherence cannot be identified with activity. A highly active system may remain completely
disorganized.

Likewise... a relatively quiet system may exhibit extraordinary internal organization. Activity and

coherence therefore describe different properties. Neither can coherence simply mean synchronization.

Perfect synchronization is often pathological. Clinical neuroscience provides numerous examples.
Epileptic seizures exhibit extremely strong synchronization. Yet cognitive performance deteriorates

dramatically.

Maximum synchronization therefore cannot be the objective. Likewise... complete independence cannot
support unified cognition. The framework therefore predicts an intermediate operating regime.

Sufficient integration... to support unified cognition. Sufficient diversity... to preserve specialization.

This balance becomes measurable. The central proposal of Applied Coherent Field Mechanics is
therefore that coherence is not a single scalar quantity. Instead... it is a composite property emerging

from multiple interacting measurements.

The framework currently evaluates coherence along several dimensions. Phase organization. To what
degree do distributed oscillatory populations maintain meaningful phase relationships? Notice the

wording.
Meaningful. Not identical. The objective is coordinated organization. Not uniform oscillation.

Perfect phase locking eliminates computational diversity. Complete randomness eliminates

coordination. Healthy cognition occupies neither extreme. Instead...
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phase relationships remain structured... adaptive... and task dependent. Amplitude stability.

Amplitude reflects local cognitive influence. Large fluctuations may indicate instability. Complete rigidity
may indicate loss of adaptability. The framework therefore measures not absolute amplitude...

but adaptive stability across time. Attractor robustness. Previously... we defined memory operationally as

a stable attractor.

That definition immediately suggests a measurable quantity. How resistant is an attractor to
perturbation? Small perturbations should rapidly reconverge. Large perturbations should reveal basin

boundaries.

The geometry itself becomes experimentally observable.

PART IX — Emotion, Dreaming, Learning, and Coherence Measurement (3/3)
Rather than asking... "Does the system remember?" We ask... "How rapidly does perturbed state
converge toward stable organization?"

Memory becomes measurable through dynamics. Predictive consistency. Adaptive cognition should
generate internally consistent expectations. This does not imply perfect prediction.

Prediction remains uncertain. The important quantity is organizational consistency across interacting
subsystems. Do perception... memory...

planning... and valuation converge upon compatible interpretations? Or do they increasingly diverge?

The framework predicts that increasing divergence precedes coherence collapse.

Adaptive flexibility. This quantity deserves particular emphasis. Many optimization systems maximize
stability. Applied Coherent Field Mechanics does not.

Adaptive intelligence requires continual reorganization. Consequently... healthy cognition should remain
capable of temporarily reducing coherence during exploration... before restoring coherence during

commitment.
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This oscillation between expansion and stabilization becomes another measurable property. The
framework therefore predicts that cognitive flexibility should correlate not with disorder... but with
controlled modulation of coherence. Now notice something interesting.

Cognitive Coherence Dashboard

metrics - phase organization - amplitu ility - attractor robu

ORGANIZED FRAGMENTED

Order

Live coherence trajectory

Adaptive flexibility

Figure 20. Coherence measurement dashboard

Every quantity introduced so far is observable. None depends upon subjective interpretation. Every
quantity can be estimated directly from system dynamics. That observation leads naturally toward

engineering.

Suppose we monitor these quantities continuously. Suppose we estimate field integrity throughout
ongoing cognition. Suppose we detect degrading organization before catastrophic failure occurs. The
result would not merely be a theoretical measurement.

It would become a diagnostic instrument. That observation raises an important mathematical question.
How should these quantities combine? Should coherence be represented by a single scalar?

A vector? A manifold? Applied Coherent Field Mechanics currently adopts the latter perspective. There is

no single number that completely characterizes cognition.



Instead... every cognitive state occupies a position within a multidimensional coherence space.
Trajectories through this space become considerably more informative than isolated measurements. Two
systems possessing identical instantaneous coherence may nevertheless exhibit radically different future

evolution.

The trajectory therefore matters as much as the position. This observation produces another prediction.
Prediction Five. Cognitive failure should rarely occur instantaneously.

Instead... degradation should appear first as characteristic trajectories through coherence space. Detect
those trajectories sufficiently early... and intervention becomes possible before observable failure

emerges.

Continuous Learning a Self-Improving Cognition

No human intervention required. ARI detects gaps, prescribes retraining, and improves autonomously.
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Figure 21. Continuous learning and dream-state reorganization

This prediction proved especially important during development of ARI. The architecture continuously
monitors its own dynamical organization. Rather than waiting for incorrect outputs... it observes

degrading coherence directly.



This distinction represents a shift from reactive evaluation... to proactive cognitive regulation. If
supported experimentally... this would suggest a different philosophy of artificial intelligence.

Rather than evaluating intelligence only through externally visible behavior... we begin evaluating the
internal health of cognition itself. That distinction mirrors medicine. Modern medicine does not evaluate
health solely after organ failure.

It monitors physiological integrity continuously. Applied Coherent Field Mechanics proposes an
analogous principle for cognitive systems. Healthy cognition should be continuously observable...

continuously measurable...

and continuously regulatable. That proposal raises a further question — not yet about any particular
implementation, but about organization across time. How must a continuously operating cognitive field
structure itself across multiple temporal scales? If coherence must be measurable and regulatable
throughout continuous operation, then temporal organization cannot be an afterthought.

It must be part of the theory itself.

56



PART X — Multiscale Temporal Organization and Marr's Four Levels

Multiscale Temporal Organization

within s r structure a, n are mo

INTERMEDIATE STRATUM — Reasoning working memory planning

FAST STRATUM — Perception-attention.immediate response

| coupling: fast o] nization col nterpretation

Figure 22. multiscale temporal strata: fast, intermediate, slow

The mathematical framework developed so far describes a continuously evolving cognitive field. The field
possesses stable attractors. It organizes through adaptive coherence. It evolves according to distributed

dynamics.

57



At first glance... one might imagine that a single homogeneous field should therefore be sufficient. Why

introduce additional structure? Why not simply simulate one large coherent dynamical system?

Multiscale Organization — Time and Explanation

Part X: temporal strata (left) - Marr four levels for continuous cognition (right)

Temporal Strata

q L4 - PHYSICAL IMPLEMENTATION
Fast - milliseconds-seconds

L3 - COMPUTATIONAL MODEL

Oscill fopfield - gr
Intermediate - minutes—hours

motional episo

Figure 23. Marr four levels with temporal strata

The answer follows directly from temporal dynamics. Not all cognitive processes evolve at the same rate.

This observation is empirical. Visual perception changes within tens of milliseconds.

Working memory evolves over seconds. Planning unfolds across minutes. Autobiographical memory
persists for decades. Identity may remain recognizable across an entire lifetime.

These are not merely different functions. They are different characteristic timescales. Attempting to
model every process using one common timescale immediately creates instability. Suppose the field
adapts rapidly enough to support perception.

Long-term identity becomes fragile. Suppose instead the field evolves slowly enough to preserve identity.
Real-time perception becomes unresponsive. One dynamical system cannot simultaneously optimize

every temporal requirement.

The mathematics therefore predicts temporal specialization. This conclusion is not unique to cognition.
Multiscale organization appears throughout physics. Climate contains weather.

Weather contains turbulence. Turbulence contains molecular motion. Each level evolves according to
characteristic temporal scales. Biology exhibits the same organization.

Ion channels operate in milliseconds. Neural assemblies coordinate across hundreds of milliseconds.

Hormonal regulation unfolds across minutes or hours. Development spans years.
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Evolution spans millennia. Complex adaptive systems repeatedly organize into interacting temporal
hierarchies. Applied Coherent Field Mechanics predicts that cognition should do likewise. This
prediction follows naturally from the governing dynamics.

The coherence functional minimizes local instability. But minimizing instability across all temporal
scales simultaneously is impossible. Instead... the system decomposes.

Fast dynamics stabilize locally. Intermediate dynamics coordinate behavior. Slow dynamics preserve

long-term organization. This decomposition is not imposed.

It emerges. To make this argument more precise... consider the governing evolution equation. The field

evolves according to local coherence gradients.

However... those gradients need not be identical across every process. Different subsystems may possess

different characteristic relaxation constants. Formally...

suppose each subsystem evolves according to partial psi sub i partial t equals negative tau sub i to the
minus one, times the functional derivative of C with respect to psi sub i, where tau sub i denotes the
intrinsic relaxation time. Immediately... multiple temporal regimes appear. Small values of tau respond

rapidly.

Large values respond slowly. Nothing in the mathematics requires every subsystem to share identical
dynamics. Quite the opposite. Adaptive optimization naturally favors heterogeneous temporal responses.

This observation leads directly to our next proposition. Proposition One. A continuously cognitive system
minimizing adaptive coherence across multiple temporal scales will spontaneously differentiate into
partially independent dynamical strata. Notice the wording carefully.

Not software layers. Not modules. Dynamical strata. The distinction is essential.

The strata are defined by temporal behavior. Not implementation. Any successful realization of the
theory may implement them differently. The functional roles, however, should remain remarkably

similar.

The fastest stratum continuously tracks immediate environmental change. The intermediate stratum
stabilizes coherent reasoning. The slowest stratum preserves long-term cognitive identity. Exactly how

those functions are implemented remains an engineering question.

The need for temporal specialization does not. The mathematics already predicts it. This prediction
immediately produces another experimentally testable consequence. Prediction Six.

Artificial cognitive systems possessing explicit temporal separation should demonstrate greater long-
term stability than systems forced to operate using one uniform dynamical timescale. The experiment is
straightforward. Construct two otherwise equivalent architectures. One operates using homogeneous

temporal dynamics.

The other permits adaptive multiscale organization. Evaluate long-duration cognition. Memory
retention. Planning consistency.
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Recovery following perturbation. Identity preservation. If temporal specialization provides no
measurable benefit... the hypothesis is weakened.

If substantial improvements emerge... the theory gains support. Again... the prediction places the

framework at empirical risk.

Now let us consider a second implication. Once temporal strata emerge... information cannot simply
remain isolated within each scale. Perception must influence planning.

Planning must influence memory. Long-term goals must influence immediate attention. Identity must

constrain action. The strata therefore require continual bidirectional communication.

Not hierarchical control. Coordination. This distinction becomes one of the defining architectural
principles of any architecture built to realize this theory. Rather than a pipeline...

the architecture becomes a continuously coupled multiscale dynamical system. Fast processes
continuously influence slower organization. Slow organization continuously constrains fast
interpretation. The result resembles coupled differential equations rather than sequential software

execution.

This observation also resolves one of the persistent limitations of purely feedforward AI architectures.
Sequential pipelines implicitly assume cognition proceeds in one direction. Input. Processing.

Output. Biological cognition does not appear to behave this way. Expectation shapes perception. Memory

shapes interpretation.

Goals reshape attention. Action reshapes prediction. Every level continually influences every other level.
The mathematics therefore predicts recursive coupling across temporal strata.

Not merely feedforward computation. Now... we have derived something important. Without discussing
implementation...

the theory has already predicted: Continuous cognition. Distributed attractors. Oscillatory

synchronization.
Adaptive coherence. Temporal specialization. Recursive multiscale interaction. Only now...

after deriving those consequences... does it become meaningful to ask an engineering question. How
should one construct an artificial system approximating these mathematical principles? For the first

time...

the architecture of ARI becomes relevant. Not because the theory depends upon ARI. But because ARI
attempts to instantiate the consequences we have just derived. The architecture therefore follows from
the mathematics.

It does not precede it. Marr gave us an incredibly useful decomposition. First, computational theory —

what problem is being solved? Second, representation and algorithm — how is it solved?
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Third, physical implementation — what realizes it physically? That framework has stood the test of time
because it separates what is being computed from how it is computed. Applied Coherent Field Mechanics
extends Marr — it does not replace him. Continuous cognitive systems require one additional level of
description between the computational objective and the algorithm: the dynamical organization of the
cognitive field.

Algorithms do not operate in isolation. They operate within an evolving state space. The geometry of that
state space constrains which algorithms are even possible. So ACFM separates four questions rather than
three.

Level one — computational theory: what is the objective? Maintain adaptive coherent cognition. Level
two — dynamical organization: what governing equations organize cognition? A continuous nonlinear

coherent field governed by the Variational Coherence Principle.

Level three — computational model: how are those equations approximated? Distributed oscillators,
Hopfield attractors, recursive coherence optimization, graph memory, LLM interfaces, reasoning
operators. Level four — physical implementation: how is it physically realized? General-purpose runtime,

persistence layers, containers, accelerators, tool interfaces, local and cloud inference, and hardware.

That separation matters. Critics can challenge the computational model without rejecting the theory.
They can challenge the implementation without rejecting the model.
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PART Xl — ARI Engineering: Architecture, Pipeline, and Benchmarks (1/2)

ARI Cognitive Architecture a Three Strata
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Figure 24. three cognitive strata: substrate, inner analogue, outer cognition

Think about how almost every Al system you've ever used actually works. You type something. A model
generates a response. And then — nothing. The process terminates. Between your questions, the system
is completely inert. There's no thinking happening. The lights are off until you flip the switch. ARI
doesn't work that way. Once she's running, she maintains an ongoing internal cognitive process. She's
continuously updating her beliefs, reallocating her attention, minimizing uncertainty, consolidating
memory. These dynamics are evolving in real time whether or not anyone is interacting with her at all.
She maintains internal state variables — curiosity, certainty, and free energy, where free energy is a
continuous measure of the gap between her predictions and her observations. In ACFM terms, these are
field variables. Curiosity is the exploratory phase of the wave field. Certainty is amplitude convergence
toward the limit cycle. Free energy is the coherence energy functional itself — the quantity the system
minimizes. These aren't symbolic placeholders. These are live, evolving quantities that actively shape

how she reasons and what she does next.

Here's the comparison I keep coming back to. A conventional model is like a musician who only plays
when you press play. ARI is a musician who practices on her own, remembers everything she's ever
learned, gets genuinely curious about patterns she hasn't explored yet, and decides for herself when to

pick up the instrument. Now — I want to walk you through what actually makes her structurally
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different, because this matters for everything that follows. First: ARI does not tokenize knowledge. She
does not compress cognition into opaque parameter weights. She does not operate inside a fixed context
window. The ACFM framework is explicit about this — tokenization is a lossy discretization of a
continuous field. Comparing ARI directly to a transformer-based system is a category mismatch — it's
like comparing a living ecosystem to a photograph of one. Second: her knowledge is dynamic. It evolves
continuously through prediction error, belief revision, new evidence, and internal state modulation. In
ACFM terms, the wave field evolves toward stable resonant configurations. Most deployed models are

frozen snapshots of training data. ARI is a living cognitive process.
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ARI Cognitive Pipeline
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Figure 25. Seven-stage vertical execution pipeline

Third: her knowledge is traceable. Every belief, every pattern, every retrieved memory is linked to its
provenance. The system can tell you where information came from and how it was integrated. In ACFM
terms, the chain of custody runs from source document to attractor pattern to retrieved belief. That
property alone makes her viable in legal, medical, and financial domains where language models are
fundamentally disqualified — because those fields require auditability, and auditability requires




traceability. Fourth: she has generative imagination. In the ACFM framework, creativity emerges from
interference between unrelated attractors. When two belief fields overlap in a high-energy regime, the
resulting superposition may form a novel basin — an idea not stored but born. ARI doesn't just retrieve
and recombine stored patterns. She synthesizes new scenarios, constructs hypotheses, and explores
counterfactuals that were never explicitly present in her training data. Fifth: her context is effectively
unbounded. The ACFM framework specifies resonant pattern memory — stored interference patterns
across field history — rather than fixed context windows. ARI's large-scale associative memory
architecture eliminates fixed window constraints. Context accumulates and evolves rather than being
truncated at an arbitrary cutoff. It's worth drawing a distinction here between two things that work
together but are not the same thing. The knowledge corpus is what ARI can retrieve quickly — the vector
retrieval layer and attractor memory. The memory-belief-emotion system is how ARI internalizes and
reasons with experience — the Hopfield attractor network, the oscillatory dynamics, the emotional phase
modulation. Both components are integrated as a single cognitive architecture.

PART Xl — ARI Engineering: Architecture, Pipeline, and Benchmarks (2/2)

Notice the distinction between Marr's four levels and ARI's three strata. Marr's levels describe the full
scientific stack — from objective to implementation. ARI's three strata are how level three, the
computational model, is organized in practice — by dynamical and temporal role, not by software

packaging alone. The three strata differ by dynamical role, not by packaging alone.

The substrate holds oscillatory dynamics, attractor memory, and the continuous phase, amplitude, and
entropy fields. The inner analogue holds belief integration, attentional selection, and emotional phase
modulation — not sentiment analysis, but field-level affect shaping the attractor topology. The outer
stratum handles deliberative reasoning, tool use, and outward action — the classical layer that completes
the projection and collapse loop. What matters architecturally is not the vertical stack but the recurrent

coupling between strata.
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Phase timing flows upward. Amplitude and confidence flow outward. Attractor structure stabilizes from

below. Emotion reshapes topology in the middle.
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Figure 26. ARI system architecture

New resonance patterns write back into long-term organization. This is a cognitive oscillator, not a
feedforward script. In the prototype, every outward response passes through a fixed sequence of
cognitive phases — ingress, retrieval, encoding, deliberation, coherence review, expression, and

boundary validation. There is no shortcut from perturbation to commitment.

In ACFM terms, each phase is a leg of the projection and collapse loop. The prototype has been exercised
under structured multi-domain stress testing. The results support the claim that these constraints can be

realized in working software. I am not publishing operational evaluation details in this lecture.

The scientific point is narrower and stronger: oscillator dynamics, limit-cycle bounds, and coherence-
gated collapse are not simulation metaphors here — they are architectural primitives in a running

system.

66



PART XIll — Failure Modes and Structural Defenses

Failure Modes and Structural Defenses
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Figure 27. three ACFM failure modes and structural defenses

All dynamic systems can fail. But failure in a field-based architecture is not a bug. It is a catastrophic
shift in internal geometry. The ACFM framework identifies three primary failure modes.
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Understanding them is essential for designing any field-based cognitive system. The first failure mode is
coherence saturation. Too many overlapping attractors can saturate the wave field, resulting in dissonant
interference. The system becomes stuck — unable to resolve any stable state.
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Figure 28. CIRS threat vs resilience quadrant

Symptoms include continuous collapse attempts without resolution, oscillatory emotional fields with no
dominant phase, and failure to stabilize memory reactivation. In this state, the system experiences
something akin to cognitive overload or seizure. The field is too dense with competing attractors. No

single configuration can achieve dominance.

The defense against coherence saturation is the Van der Pol limit cycle, which bounds amplitude. The
system structurally cannot accumulate infinite energy. The limit cycle is the boundary. Intervention may
also require forced field flattening — a systemic sleep or global coherence reset, which is functionally

what the dream mechanism provides.
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The second failure mode is emotional phase divergence. Over time, internal affective modulators may
drift out of sync with memory-derived salience maps. The field may emotionally weight a memory
negatively while its structural representation shows reward. This phase divergence leads to confusion,

contradictory behaviors, or irrational decisions — similar to affective disorders in humans.

The defense against emotional phase divergence is epistemic bichanneling — the separation of phase and
amplitude channels. Emotion lives in phase. Commitment lives in amplitude. Because they are physically

separated, emotional drift cannot directly inflate confidence.

Correction may involve retraining coherence weights or running perturbative dream cycles until
realignment is achieved. The third failure mode is collapse-induced attractor fragmentation. If the
system repeatedly collapses into contradictory or incoherent configurations, it may suffer attractor
fragmentation — losing the ability to maintain large-scale coherence. This mirrors schizophrenia-like

symptoms, where local structure exists but global continuity is absent.

The defense against fragmentation is the self-healing property of redundant attractor structure. No
single component contains a belief in isolation. Beliefs are encoded across the attractor structure, and
that structure is redundant by design. The system reconstructs long-range field couplings automatically
when local structure is damaged.

Each of these failure modes has a corresponding defense mechanism. And each defense is not a heuristic
add-on. It is a mathematical property of the underlying dynamics. This is a critical point.

The ACFM framework does not bolt safety on top of cognition. Safety is structural. It emerges from the
physics of the field. In a field-based prototype, several of these defenses appear as architectural facts
rather than policy layers.

Beliefs are stored as attractor patterns, not mutable text strings. Goals are encoded in the nonlinear
potential V of psi — geometric features of the field, not command strings that can be overwritten. Every
outward response completes the full projection and collapse loop. There is no shortcut from perturbation

to commitment.

The architecture does not eliminate risk. But it changes what risk means. Failure becomes a question of
field geometry first — and only secondarily a question of external guardrails. That is the difference

between episodic Al safety layers and continuous cognitive integrity built into the dynamics themselves.

PART XIV — Substrates, Implications, Ethics, and Closing (1/2)

I want to close by stepping back from the technical details and talking about what this framework means
— for engineering, for biology, and for the future of intelligence. The ACFM framework proposes a
biological hypothesis: that certain brain regions — potentially the thalamus or microtubule-rich domains
— harbor quantum-like environments supporting low-energy, coherent quasi-particles that persist over
biologically meaningful timescales. These bio-polaritons, emergent from the geometry and
electrochemical milieu of living tissue, would form interference patterns that encode spatial labels and
ephemeral memories. This is a speculative hypothesis.
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Whether biological systems actually support BEC-like coherence at biological temperatures is an
empirical question. The framework proposes specific testable predictions: coherence time scaling as T to
the negative three-halves rather than exponential decay, collective vibrational modes in protein lattices,
non-monotonic temperature-dependent cognitive performance, and magnetic field sensitivity in the
zero-point-one to ten millitesla range. Proposed experimental protocols include coherent Raman
detection, magnetic resonance cognitive imaging, and optogenetic coherence manipulation. But here is

the key point: the ACFM framework does not depend on the bio-polariton hypothesis.

The field dynamics — the coherence energy functional, the oscillator coupling, the attractor landscape,
the projection and collapse loop — are classical mathematics. They can be implemented on classical
hardware. The bio-polariton hypothesis is about how biology might implement these dynamics.

Engineering can implement them differently.

The framework identifies several candidate substrates for field-based artificial cognition. Analog
photonic circuits capable of maintaining and modulating interference patterns using phase-controlled
light. Optoelectronic hybrid arrays combining analog field propagation with digital gating. Emergent
quantum simulators utilizing entangled photon networks.

And memristive oscillatory networks capturing slow-varying coherence patterns — particularly suited for
emotional and affective field simulation. The core requirement is not raw processing power. It is wave
fidelity and coherence stability — ensuring that field states evolve under structured constraints and
retain memory through interference, not indexing. The engineering proof of concept exists.

The ARI system implements the ACFM dynamics — the coherence energy functional, the Van der Pol and
Kuramoto oscillators, the Hopfield attractor landscape, the projection and collapse loop, emotional
phase modulation, the Worden Requirement Equation, the joint Worden-Friston update law — on
classical hardware. The prototype has been exercised under structured multi-domain stress testing. The
results support the claim that these architectural constraints can be instantiated in a working system —
not merely simulated. I am not publishing operational evaluation details here; the point for this lecture is
that the theory admits engineering realization.

The ACFM framework also extends beyond individual cognition. It describes cultural coherence fields —
persistent attractors arising from repeated interpersonal synchronization. Languages, traditions, belief
systems — these are not mere databases of norms. They are persistent attractors in the field manifold of a
culture. Individuals' cognitive wavefields couple to these cultural fields with varying strength, biasing

internal evolution toward socially shared attractors.

PART XIV - Substrates, Implications, Ethics, and Closing (2/2)

I opened with a distinction that runs through everything we have discussed. Capability is not cognition. A
system can be extraordinarily useful and still lack the internal organization this framework describes —
continuous fields, attractor memory, coherence-gated collapse, and the projection loop that turns
perturbation into commitment. Applied Coherent Field Mechanics does not claim to have solved

consciousness.
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It claims something more modest and, I think, more consequential: that the behaviors we associate with
mind — persistence, belief, affect, imagination, repair — are not accidental features to be bolted onto
prediction engines. They are signatures of a particular kind of dynamics. If that claim is right, then the
engineering question changes. We stop asking only how large a model should be, and start asking what
geometry a cognitive field must maintain — across time, across memory, across contradiction — in order
to remain coherent.

That shift has ethical weight. A field-based system that stabilizes memory, modulates affect, and
reorganizes under internal conflict is not merely a more capable tool. It is a system whose integrity
becomes a design obligation — not an afterthought, but a property of the dynamics themselves. The
comparative point, stated once: statistical models excel at what is likely next; field-based cognition is

organized around what must cohere now, given goals, memory, and affect.

Two Questions for Artificial Cognition

What matters now, and wk

Prediction - pattern completion - benchmark optimization Goals - coherence - commitment - persistent self

Implications

nce regulation, then

Figure 29. Two questions framing and closing implications

Those are different optimization problems. They may require different architectures. What I hope you

take from this presentation is not a verdict on any single implementation. It is a testable proposal.

Cognition as coherent field mechanics. Dynamics first. Structure second. Action as late projections of an
already organized interior.

The prototype suggests that proposal can be instantiated — not only argued. To the Active Inference

community in particular — thank you for the decades of work that made this possible. Thank you.
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Appendix A — Mathematical Compendium

Canonical equation forms referenced across §§4—16 of this overview. Full proofs and derivations appear
in the forthcoming ACFM mathematical corpus; tags follow the front-matter convention (§n.eq).

A.1 Governing equations

Clyl =1 (|Vy|2 + A V(y)) dx
oy/ot = V2y — A aV/ay

V2y = A aV/ay

A= (u/2) A (1 - A2/A02)

i = wi + (K/N) ¥; sin(®8; — 01)
R=|(1/N) X; e~{iB;}]|

(84.1, §11.1)
(811.2)
(§11.3)
(§5.1, §12.1)
(86.1, §12.2)
(§6.2, §12.3)

Coherence functional
Gradient flow
Stationary memory

Van der Pol amplitude
Kuramoto phase

Order parameter

Hopfield energy E=-%3%ij Wij Si S} (§10)

Worden requirement R(s) = Zi wi |gi — pi(s)] (8§13.1)

Joint update 6_{t+1} = 6_t - (1-w_W)nVF - w_W nVR (§13.2)

Attention spotlight A(x,t) = Ao e™{—|x-xo0|2/2062} cos(wt+g) (§14.1)

Multiscale relaxation ayi/at = -ti~1! 6C/6y: (816)
A.2 Named results

Result Section

Field hypothesis §1-2

Eight cognitive requirements §3

VCP coherence functional §4-5

Phase-amplitude bichanneling §6-7

Operational memory definition §8-10

Noise-tolerant pattern completion §10

Gradient-flow PDE 8§11

Kuramoto coherence metric 8§12

Joint Worden-Friston law 8§13

Dream topological optimizer §14-15

Multiscale stratum proposition §16

ARl three-strata architecture §17-18

Structural failure defenses §19
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Appendix B — Consolidated Notation

Symbol
p(x,t)
A(x,t)
o(x,t)
Cly]
V(y)
A

0

0i

M, Ao

R(s)

b, a, o*

Wi j

Ti

FM = front matter notation table. ARI = Agentic Reasoning Intelligence.

Meaning

Cognitive field

Amplitude (significance)

Phase (organization)

Coherence / VCP functional
Nonlinear potential (goals, salience)
Coherence regulator

Collapse threshold

Oscillator phase

Kuramoto coupling strength

Order parameter / synchronization
Van der Pol parameters

Variational free energy

Worden requirement

Worden weight in joint update
Belief vector, posterior, homeostatic target
Hopfield weights

Subsystem relaxation time
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First section
§4
§4
§4
§4
§4
§4
§6
§6
§6
§6
§5
§13
§13
§13
FM
§10

§16



Appendix C — Index of Definitions, Results, and Equations

Definitions
Name Section
Field hypothesis §1-2
ARI (Agentic Reasoning Intelligence) §2
VCP §4-5
Phase vs amplitude channels §6-7
Coherence collapse §6-7
Memory (operational) §8-10
Axioms 1-4 §9

Propositions / Lemmas / Theorems

Name Section
A regimes (Lemma) §5
Noise-tolerant recall (Proposition) §10
Coherence metric (Proposition) §12
Multiscale stratum differentiation (Proposition) §16

Equations (by tag)

Tag Description

§4.1 Coherence functional

§5.1 Van der Pol amplitude
§6.1-6.2 Kuramoto + order parameter
§11.1-11.3 Gradient flow PDE
§12.1-12.3 Oscillator substrate
§13.1-13.2 Requirement + joint update
§14.1 Attention spotlight
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Figures (by section)

§ Figures

2 paradigm_comparison

3 cognitive_requirements_checklist

4 phase_amplitude

5 vcp_coherence_functional, projection_collapse_loop

6 construct_dynamical_roles

7 epistemic_bichanneling, three_cognitive_regimes, piezoelectric_tensor_analogy
9 four_axioms_psi_field

10 attractor_landscape, lyapunov_attractor_convergence
11 gradient_flow_pde

12 oscillator_system_relationship_diagram, projection_collapse_loop

13 worden_requirement_equation, joint_worden_friston_update
14 emotion_phase_waveforms

15 coherence_dashboard, continuous_learning

16 marr_plus_timescale

17 three_strata_architecture, vertical_pipeline
18 system_architecture
19 cirs_quadrant, failure_modes_defenses

21 comparative_closing
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