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Introduction

The dominant frameworks of contemporary cognitive neuroscience and artificial
intelligence share a common presupposition that is almost never made explicit:
that cognition is, at its core, a process of prediction-error minimization. Whether
the formalism is predictive coding, active inference, Bayesian brain theory, or the
free-energy principle, the underlying architecture is consistent. The organism
receives sensory signals, compares them against internally generated forecasts,
and updates its model to reduce discrepancy. Intelligence, on this account, is the
capacity to be accurately surprised — to maintain an internal generative model
whose predictions correspond closely enough to the world that the organism can
navigate it without catastrophic failure.

This essay argues that this presupposition, while technically useful in restricted
domains, has been systematically inflated beyond its legitimate scope. The con-
flation of analytical description with biological ontology has produced a neuro-
science that frequently mistakes the observer’s mathematical tools for the causal
architecture of the organism itself. The organism has been remodeled in the im-
age of the modeler’s formalism, and what began as a productive metaphor has
hardened into a reification.

The central thesis of this essay is that cognition is not fundamentally prediction-
errorminimization but themaintenance of admissible trajectorieswithin dynamic
ecological fields. Two distinctions are fundamental to everything that follows:

Prediction 6= Agency

and
Compression 6= Organization.

These inequalities are not obvious within the dominant paradigm. Indeed,
much of the rhetorical force of predictive-processing frameworks derives from
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their apparent ability to absorb the concepts of agency and organization into the
mathematical machinery of prediction. This essay attempts to show why that
absorption is illusory, why it erases features of biological organization that are
explanatorily essential, and what an alternative framework — grounded in eco-
logical psychology, process philosophy, embodied cognition, and admissibility-
theoretic accounts of trajectory navigation — must preserve in order to succeed.

The argument proceeds through several interconnected movements. The first
movement traces the historical path by which computational and informational
metaphors became reified into claims about neural ontology, culminating in the
contemporary dominance of predictive-processing accounts. The second exam-
inesRomainBrette’s detailed critique of predictive coding’s equivocation between
signal reconstruction and genuine anticipation, arguing that this equivocation is
not merely terminological but reveals a deep structural confusion about what bi-
ological systems are actually doing. The third develops an alternative framework
centered on admissibility, trajectory continuity, and organizational persistence.
The fourth addresses a cluster of clarifications and extensions that the admissibil-
ity framework requires: the proper subordinate role of local prediction, the dis-
tinction between correspondence and coherence, a geometric account of cognitive
pathology, the multi-scale temporal layering of persistence, and the mechanism
by which prediction systems simulate agency without instantiating it. The fifth
examines symbolic structures — essays, notes, interfaces, institutions — not as
memory stores but as topological stabilization operators that preserve coherence
across otherwise volatile transformations. The sixth develops the full topological
ontology of cognition: stability basins, organizational folds, and boundary man-
agement, then extends the framework through the formal analogy between Lie
group local-global structure and the relationship between local predictive oper-
ators and global admissibility topology, including the sl2 seed structure and its
polynomial realization, before formalizing the stratified decomposition of admis-
sibility that captures singular organizational boundaries and pathological stra-
tum descent, and sharpening the distinction between optimization as loss min-
imization and admissibility as categorical constraint maintenance. The chapter
closes with a differentiation of the admissibility framework from classical enac-
tivism and a speculative account of empirical formalisms. The seventh draws
implications for the theory of agency and the structural limits of current artificial
intelligence.

Throughout, the essay resists the temptation to replace one dogma with an-
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other. Prediction obviously occurs. Organisms exploit regularities. Compression
is cognitively real. The question is whether these phenomena constitute the pri-
mary ontological principle of cognition, or whether they are better understood
as subordinate processes within a more fundamental organization whose central
problem is not epistemic accuracy but viable persistence.
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Chapter 1

The Computational Metaphor and
the Reification of Models

1.1 From Cybernetics to Predictive Processing
The history of cognitive science is substantially a history of borrowed metaphors.
Everymajor technical innovation in information processing has produced a corre-
sponding wave of claims about the nature of the mind. The telegraph suggested
that the nervous systemwas a communications network. The programmable dig-
ital computer suggested that the brain was a symbol-manipulation device execut-
ing stored programs. Bayesian statistics suggested that inference was the brain’s
fundamental operation. Each of these borrowings was genuinely productive at
the level of generating testable models and explanatory frameworks. Each was
also, in ways that took decades to clarify, a category error — a confusion between
the structure of the analytical tool and the structure of the phenomenon being
analyzed.

Cybernetics, the earliest systematic attempt to unify cognitive and mechani-
cal accounts of purposive behavior, introduced the negative feedback loop as a
candidate ontological primitive for goal-directed action [11]. The organism, on
this account, is a system that measures the discrepancy between its current state
and a target state, and generates corrective outputs proportional to that discrep-
ancy. This formalism was enormously powerful and genuinely captured some-
thing important about homeostatic regulation. Its extrapolation to cognition in
general, however, required the assumption that cognitive goals were specifiable
in terms of representable target states— an assumption that was built in from the
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beginning and rarely examined.

The computationalist program that followed extended this architecture into
the domain of symbolic manipulation. Minds were characterized as Turing ma-
chines operating over internal representations, with perception as input transduc-
tion, memory as storage, and reasoning as rule-governed symbol manipulation
[9, 10]. The theoretical vocabulary of this tradition — representations, rules, pro-
grams, execution, registers — was imported wholesale from computer science,
and with it came an implicit commitment to a particular ontology: that cogni-
tion is constituted by themanipulation of discrete, context-independent symbolic
structures.

Connectionism offered a partial correction by emphasizing distributed, sub-
symbolic, and statistically grounded processing, but it preserved the core rep-
resentationalist commitment. The brain was still a device for computing map-
pings from input to output, where the mappings were learned rather than pro-
grammed. The shift from serial symbol manipulation to parallel distributed pro-
cessing changed the implementation story without changing the fundamental ex-
planatory structure.

The contemporary dominance of predictive processing represents the latest
and most sophisticated iteration of this lineage. Drawing on Helmholtz’s notion
of perception as unconscious inference and integrating Bayesian probability the-
ory, hierarchical generative models, and variational inference, frameworks such
as predictive coding [8, 6] and active inference [7] propose that the brain is fun-
damentally a prediction machine. On the canonical account, the brain maintains
a hierarchical generative model of the causes of sensory data. At each level of the
hierarchy, predictions flow downward and prediction errors flow upward. The
system learns by adjusting its generative model to minimize prediction errors
across the hierarchy, and it acts by generating predictions about the sensory con-
sequences of action and then fulfilling those predictions through motor behavior.
In the active inference framework, this architecture subsumes both perception
and action under a unified imperative to minimize free energy — a measure of
the divergence between the organism’s generative model and the actual distribu-
tion of sensory data.

The theoretical elegance of this account is genuine and its empirical productiv-
ity is substantial. It has generated novel predictions about perceptual phenomena,
neural anatomy, and clinical conditions, and it has provided a common frame-
work for work that was previously theoretically fragmented. Nevertheless, the
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present essay argues that this elegance comes at a cost: the cost of systematically
conflating what organisms do with how scientists model what organisms do.

1.2 The Observer’s Tools Become Ontology
The deep problem with predictive-processing frameworks is not that they are
mathematically incorrect or empirically false. It is that they commit what might
be called the reification error: they treat the mathematical tools of the observer
as constitutive features of the phenomenon being observed. Neuroscience has
increasingly inherited this error from cognitive science, and it has produced a
discipline that is, in a precise sense, a high-level autobiography of its ownmethod-
ology.

Consider the structure of the error formally. Let X denote the full space of
ecological trajectories available to an organism — the complete manifold of dy-
namical paths through its environment, including all the temporal, metabolic,
embodied, and relational dimensions of its existence. A scientist studying this or-
ganism does not have access to X directly. The scientist constructs a compressed
representational manifold

M = π(X),

where π : X → M is a projection that retains whatever features the scientist’s
observational apparatus and theoretical commitments make salient. The scientist
then identifies correlations between M and external variables, constructs latent-
variable models, applies Bayesian inference over compressed descriptions, and
generates predictions about the organism’s behavior in terms of structures within
M .

None of this is illegitimate as a scientific practice. The error arises when the
scientist concludes that because M is an effective predictive tool, the organism
must literally implement the structures of M as its own internal ontology. This
inference is invalid. The effectiveness ofM as a scientific description does not en-
tail that the organism operates by constructing M internally and reasoning over
it. A Fourier transform provides an extraordinarily effective decomposition of
a sound wave without thereby becoming the causal architecture of the vibrating
string that produced it. Similarly, Bayesian inference over a latent-variable model
may predict neural firing patterns without implying that the nervous system im-
plements Bayesian inference.
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Predictive-processing frameworks are particularly vulnerable to this error be-
cause they are built from mathematical objects — generative models, prediction
errors, prior distributions, variational free energy— that naturally invite interpre-
tation as internal computational structures. The formalism invites the neuroscien-
tist to locate these objects inside the organism and treat the organism’s behavior
as the output of computations over them. But this interpretive move is precisely
where the map begins to eat the territory.

The concept of a “neural code” exemplifies the problem. When neuroscien-
tists observe correlations between neural firing patterns and external variables,
they describe the neurons as “encoding” those variables. But correlation between
a physical quantity and an external variable does not imply encoding in any com-
putationally significant sense. The correlation is a feature of the scientist’s descrip-
tion, not necessarily a feature of the organism’s causal organization. As Brette ar-
gues at length, the encoding framing imports from outside the organismprecisely
the interpretive machinery that is supposed to be explained [1]. The scientist al-
ready knows what the “stimulus” is; the organism does not have this privileged
external perspective. Treating neural activity as encoding a stimulus therefore
presupposes, rather than explains, how the organism relates to its environment.

Definition 1.1. The reification error is the inference from the effectiveness of a mathe-
matical descriptionM = π(X) to the conclusion that the system being described literally
implements the structures ofM as its causal architecture.

Proposition 1.2. The reification error is not merely philosophical but has empirical con-
sequences: it generates research programs whose questions are systematically ill-posed, be-
cause they ask what internal representational structures the organism uses to implement
operations that the scientist has already performed externally on behalf of the organism.

Proof. Let Q be the class of research questions generated by the assumption that
the organism implementsM internally. A question q ∈ Q takes the form: “What
is the neural mechanism that computes the transformation f : M → M ′?” But
if f was defined by the scientist as an operation on M = π(X), and if the organ-
ism does not have access toM as a self-standing representational object, then the
organism cannot literally compute f . The question therefore presupposes a com-
putational architecture that may not exist. Research programs organized around
Qwill produce results that are accurate at the level ofM — i.e., theywill find neu-
ral correlates of whatever the scientist chose tomeasure— but will systematically
misattribute causal structure because they are searching for implementations of
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operations defined externally. This is not a contingent methodological failure but
a structural consequence of the reification error.

1.3 Epistemic Phlogiston
The concept of “information processing” is perhaps the clearest instance of what
this essay will call epistemic phlogiston: an explanatory placeholder that inherits
its apparent meaning from the interpreter’s external knowledge rather than from
any intrinsic property of the system being described. Phlogiston was a substance
postulated to explain combustion; it had all the theoretical hallmarks of a gen-
uine explanation — it unified a range of phenomena, generated predictions, and
was embedded in a coherent theoretical network — but it turned out to explain
nothing because it was defined circularly in terms of the very phenomenon it was
supposed to account for.

Information processing plays a similar role in cognitive neuroscience. When
a neuroscientist says that a neural area “processes spatial information” or that a
circuit “represents temporal regularities,” the content of these claims derives not
from properties of the neural activity itself but from the scientist’s prior knowl-
edge of what spatial and temporal structures are relevant to the organism’s task.
The neural activity is real; the “information” it processes is a projection of the sci-
entist’s interpretive framework onto that activity. The claim appears explanatory
because it uses the vocabulary of computation, but it actually shifts the explana-
tory burden into a black box labeled “information” whose contents are supplied
from outside.

This is not a claim that neural systems do nothing. It is a claim that describ-
ing them in terms of information, representation, and coding frequently delays
rather than advances genuine explanation. What would a genuine explanation
look like? It would specify the dynamical, metabolic, and ecological processes
by which the neural system participates in maintaining the organism’s viability
— the actual physical mechanisms by which neural activity is coupled to environ-
mental structure and organismic organization, rather than the observer’s com-
pressed description of that coupling.

Brette extends this critique to the concept of “neural coding” specifically, ar-
guing that the language of codes and signals imports an entire communications-
theoretic framework thatwasdeveloped for engineering systems inwhich a sender,
a channel, and a receiver are independently specifiable [2]. In the nervous system,
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the “signal” and the “receiver” are not independent; the same neural circuits that
“receive” sensory input also generate the motor commands that transform the
sensory environment, participate in metabolic regulation, and are continuously
modulated by internal state. Applying communications-theoretic vocabulary to
this system systematically misrepresents its organizational structure by treating
as separate what is fundamentally coupled.

The same critique applies to the concept of “representations.” A representa-
tion, in the logico-computational sense, is a structure that stands in for something
else by virtue of a systematic mapping relation. For this concept to be explanato-
rily useful, it must be possible to specify the mapping independently of the sys-
tem that is supposed to use the representation. But in biological systems, there
is no such independent specification. The neural structures that are supposed to
implement representations are themselves causally embedded in the processes
that constitute the organism’s interaction with its environment. To say that these
structures “represent” features of the environment is, again, to project the sci-
entist’s interpretive framework onto a coupled dynamical system in a way that
obscures rather than illuminates the causal organization of that system.
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Chapter 2

Predictive Coding and the Collapse
of Categories

2.1 What Predictive Coding Actually Predicts
Predictive coding, in its original and technically precise formulation, is a signal
processing technique in which a sender transmits not a signal itself but the dif-
ference between the signal and a locally generated prediction of the signal. This
approach reduces transmission costs when the signal is sufficiently regular that
local predictions are accurate. The technique was developed for telecommuni-
cations and image compression and subsequently applied to the visual system
by Rao and Ballard [8], who proposed that the hierarchical organization of vi-
sual cortex could be understood as implementing a form of predictive coding in
which higher cortical areas generate predictions of lower-area activity and the
lower areas transmit only the residual prediction error.

In this technical sense, predictive coding is a specific and testable hypothesis
about neural architecture. The hypothesis is interesting and has generated a pro-
ductive empirical research program. The problem is that as the framework was
generalized from visual cortex to the entire brain, and from neural architecture
to a theory of cognition, the meaning of “prediction” shifted in ways that were
rarely made explicit.

The shift can be described precisely. In the original sense, a prediction is a
numerical estimate of a future or concurrent signal value:

x̂t+1 ≈ xt+1,
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where x̂t+1 is the predicted signal and xt+1 is the actual signal. A prediction er-
ror is the scalar or vector difference ϵt+1 = xt+1 − x̂t+1. These are well-defined
mathematical objects, and their neural correlates can in principle be empirically
identified.

As the framework expanded, however, “prediction” came to encompass a
much broader range of phenomena: perceptual anticipation, goal-directed action,
planning, decision-making, and ultimately all adaptive behavior. Organisms are
said to “predict” their sensory inputs, to “predict” the outcomes of their actions,
to maintain “prior predictions” about the statistical structure of their environ-
ments, and to minimize “prediction error” as the fundamental imperative of all
neural processing. In this expanded sense, the technical precision of the original
formulation has been dissolved into a diffuse theoretical vocabulary that inher-
its its intuitive force from ordinary-language notions of anticipation, expectation,
and foresight.

Brette’s central contribution is to demonstrate that this expansion involves not
a legitimate generalization but an equivocation [2]. The expanded framework
uses the vocabulary of the technical sense while smuggling in the intuitive con-
tent of the ordinary-language sense, thereby creating the appearance that the tech-
nical framework explains phenomena that it merely redescribes. The result is a
framework that appears far more powerful than it is, because its apparent scope
derives from conceptual ambiguity rather than theoretical depth.

2.2 Prediction Versus Anticipation
The distinction between prediction and anticipation is philosophically fundamen-
tal and has been systematically obscured by the expansion of predictive process-
ing frameworks. To make the distinction precise, it is necessary to examine con-
crete cases.

Consider a runner in starting blocks. As the starter raises the pistol, the run-
ner’s body enters a state of heightened readiness: muscles partially contracted,
weight shifted forward, attention focused. This state constitutes genuine antici-
pation of the starting signal. But it is not a prediction in the technical sense. The
runner is not generating a numerical estimate of when the signal will occur or
what sensory stimulus it will produce. Rather, the runner’s body is configured
to exploit a regularized environmental event — the starting signal — in a way
that is conditional, action-relative, and ecologically embedded. The anticipation
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is structured by the runner’s practical relationship to the race, not by any internal
probability distribution over sensory inputs.

Consider, further, someone who sees clouds gathering and retrieves an um-
brella before leaving the house. This too is genuine anticipation: the person is
organizing their present behavior in relation to a probable future state of the envi-
ronment. Again, however, the anticipation is not a numerical prediction of future
sensory inputs. It is a practical reorganization of current behavior in light of an
ecologically relevant regularity — the correlation between cloud formations and
rainfall — that has been internalized not as an explicit probabilistic model but as
a disposition to act in certain ways in certain circumstances.

What these cases share, and what distinguishes them from technical predic-
tion, is that they are fundamentally action-relative and constraint-sensitive. An-
ticipation, in the ecologically significant sense, is not the generation of predictions
about future sensory states but the configuration of present organizational states
to exploit environmental regularities in ways that preserve or extend the organ-
ism’s admissible action-space. Brette captures this with the formulation that “an-
ticipation means exploiting regularities, not necessarily uttering prophecies” [2].

The distinction can be formalized as follows. Technical prediction is the oper-
ation:

Prediction : Statet → ˆSignalt+1.

This is a mapping from current state to a numerical estimate of a future sensory
datum. Ecological anticipation, by contrast, is the operation:

Anticipation : Statet × Regularities → Configurationt+δ,

where Configurationt+δ denotes an organizational state structured to maintain
or expand admissible trajectories given the probabilistic structure of the environ-
ment. Anticipation is not primarily an epistemic operation but an organizational
one. It does not estimate future inputs; it reorganizes present configurations to
remain viable within a structured environment.

This distinction matters enormously for the theory of cognition. If cognition
is fundamentally anticipatory in the ecological sense, then what is being man-
aged is not epistemic uncertainty about future sensory data but organizational
coherence within a dynamically structured environment. The organism is not
primarily trying to be right; it is primarily trying to remain viable.
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Definition 2.1. Ecological anticipation is the dynamical reconfiguration of an organ-
ism’s organizational state in ways that exploit environmental regularities to maintain or
extend the organism’s admissible trajectory space. It is to be distinguished from technical
prediction, which is the generation of numerical estimates of future signal values.

The significance of this distinction extends to the theory of perception. Pre-
dictive processing accounts of perception describe it as a process of inference: the
brain uses its generative model to generate predictions about the causes of sen-
sory data, and perception is the result of this inference process. But ecological
accounts of perception, following Gibson [3], describe it as a process of affor-
dance detection: the organism perceives its environment directly in terms of the
action-possibilities it affords, without the intermediary of inference over repre-
sentational models.

On the Gibsonian account, when a person sees a chair, they do not first com-
pute an abstract “chair-representation” and thenderive from it the action-possibility
of sitting. The chair is perceived directly as sit-able; the affordance is given in per-
ception, not derived from it. This is not merely a claim about the speed of process-
ing but a claim about the structure of perceptual experience: its primary content
is action-possibility, not sensory qualities organized into object-representations.

This account is deeply incompatiblewith predictive processing frameworks in
which perception is the endpoint of an inferential process over a generativemodel
of the world. Affordance perception is not an inference to the best explanation
of sensory data; it is a direct responsiveness to the ecological structure of the
environmentmediated by the organism’s specific action-capacities. The organism
is not a hypothesis-testing machine; it is an agent embedded in an action-field.

2.3 The Collapse of Constraint, Preference, and Goal
The active inference extension of predictive processing raises additional problems
that go beyond the prediction-versus-anticipation distinction. Active inference
proposes that action is not merely the outcome of inference about the world but is
itself a form of prediction: the organism acts by generating predictions about the
sensory consequences of its intended actions and then fulfilling those predictions
through motor commands. This subsumes action under the same mathematical
framework as perception, unifying them under the imperative to minimize vari-
ational free energy.
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This unification has a significant theoretical cost: it requires collapsing the dis-
tinction between what the organism predicts and what the organism wants. In
active inference frameworks, goals and preferences are encoded as prior proba-
bility distributions over sensory states. The organism acts to bring about states
that match its priors, which are interpreted as “predictions” about the organism’s
typical or preferred sensory experience. But this interpretation creates a deep
ambiguity: are priors descriptions of what the organism expects, or are they pre-
scriptions of what the organism wants? In active inference, they must be both,
which means that prediction and desire are definitionally identical within the
framework.

The consequences of this identification are severe. If a runner “predicts” both
winning the race and experiencing rain on the way home, the framework has
no principled basis for distinguishing between the predictions that drive action
and the predictions that merely reflect environmental expectations. Additional
theoreticalmachinery—hierarchical priors, temporal depth, precision-weighting
—must be introduced to recover the distinction between goal-directed action and
passive environmental modeling, but this machinery is not internal to the basic
active inference formalism. It is added ad hoc to recover distinctions that a more
adequate ontology would have preserved from the beginning.

More fundamentally, the active inference framework conflates several cate-
gories that must be kept distinct for an adequate theory of agency:

A constraint is a physical or organizational limit on the organism’s possible tra-
jectories — the metabolic requirements for continued existence, the biomechani-
cal limits of movement, the ecological conditions for viable activity.

A preference is a dispositional orientation toward certain states or trajectories
within the admissible region — what the organism tends toward when uncon-
strained.

A goal is a specific state or trajectory that an organism represents as a target of
directed activity.

A prediction is an estimate of what state or trajectory will obtain given the cur-
rent dynamical evolution of the system.

An admissible trajectory is a path through the organism’s state space that satis-
fies the organism’s constraints and preserves its organizational integrity.

These categories are importantly different, and collapsing them into the uni-
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fied currency of “prediction” or “free-energy minimization” erases distinctions
that are essential for understanding the structure of purposive behavior. A liv-
ing system cannot be understood solely through scalar loss minimization over a
generative model, because the organization of living systems involves the main-
tenance of constraint relationships, preference structures, and goal-directedness
in ways that are not reducible to the minimization of any single scalar quantity.

Theorem 2.2. No scalar loss function over sensory predictions can fully characterize the
organizational structure of a living system.

Proof. Let L : S → R be a scalar loss function over sensory states s ∈ S . For L to
characterize the organism’s organizational imperatives, it must simultaneously
encode: (i) hard constraints C ⊂ S on viable states (outside which the organ-
ism ceases to exist as an organized system); (ii) preference orderings over states
within C; and (iii) goal representations specifying specific target states. But hard
constraints are not expressible as finite-valued functions: they require infinite
penalty outside C, which makes L discontinuous and prevents gradient-based
minimization from respecting them in principle. Furthermore, preference order-
ings and goal representations are distinct intentional structures that can conflict
— the organism may prefer a state it cannot reach given its constraints, or repre-
sent as a goal a state it does not prefer under its generic preferences. A single
scalar L cannot simultaneously encode all three structures without either collaps-
ing their distinctness or becoming underdetermined. Therefore, no scalar loss
function over sensory predictions fully characterizes the organizational structure
of a living system.
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Chapter 3

Admissibility and Ecological
Organization

3.1 Trajectory Spaces and Viability
An alternative to prediction-error frameworks can be developed from the concept
of admissibility. Rather than asking what the organism predicts, we ask what
trajectories remain open to it — what paths through its state space preserve its
organizational integrity and maintain its continued existence as a viable system.

Definition 3.1. Let X be the ecological trajectory space of an organism: the manifold of
all dynamically possible paths through the organism’s state space, including its internal
states, behavioral options, and environmental configurations. The admissible subspace
at time t is the set

A(t) ⊂ X

of all trajectories inX that are consistentwith the organism’s physical constraints, metabolic
viability, and organizational integrity. A trajectory γ ∈ X is admissible if and only if
γ ∈ A(t) for all t in the relevant temporal interval.

On this framework, cognition is not fundamentally theminimization of predic-
tion error but the navigation ofA(t): the ongoing management of the organism’s
positionwithin its admissible subspace inways that preserve viability and extend
the range of future admissible trajectories. The organism’s central problem is not
epistemic — it is not primarily trying to construct an accurate model of the world
— but organizational: it is trying to remain inside A(t) as t advances and as A(t)
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itself evolves in response to environmental change.

A question of normativity arises here that the formalism alone does not settle:
if a trajectory satisfying γ(t) ∈ A(t) is by definition admissible, does the frame-
work imply that remaining admissible is always success, and that wider admis-
sible spaces are always better? The answer is that admissibility is a necessary
but not sufficient condition for what might be called flourishing. The framework
describes the organizational floor — the conditions under which purposive ac-
tivity remains possible at all — without prescribing which trajectories within the
admissible region are most valuable. The normative question of which admissi-
ble trajectories to pursue is a separate question from the organizational question
of how to remain admissible. The present essay is primarily concerned with the
latter, which is prior to the former: one cannot pursue valuable trajectories from
outside the admissible region. The claim that extending the range of future admis-
sible trajectories is organizationally desirable is therefore a structural rather than
a terminal normative claim — it says that preserving optionality is a condition of
continued agency, not that all options are equally worth preserving.

This reframing has several important consequences. First, it relocates the pri-
mary explanatory burden from internal representational structures to the organism-
environment interface. What matters is not the accuracy of the organism’s inter-
nal model but the maintenance of its organizational coupling to environmental
regularities. Second, it makes the temporal structure of cognition central rather
than peripheral. A(t) is not static; it evolves as the organism acts and as its en-
vironment changes. Cognition is the ongoing management of this evolution, not
the construction of a timeless world-model. Third, it preserves the reality of pre-
diction and inference as subordinate processes within a larger organizational ar-
chitecture. Organisms do generate predictions and perform inference, but these
operations serve the more fundamental imperative of organizational persistence
rather than constituting that imperative.

Proposition 3.2. The admissibility framework subsumes prediction-error minimization
as a special case while preserving the categorical distinctions that prediction-error frame-
works collapse.

Proof. Let P : X → Rn be a prediction function mapping trajectories to predicted
signal values, and let E(t) = ‖P (γ(t)) − x(t)‖ be the prediction error at time t.
Prediction-error minimization corresponds to gradient descent on E(t) over the
space of possible trajectories. Within the admissibility framework, this operation

19



is admissible if and only if the gradient descent trajectory remainswithinA(t): i.e.,
if prediction-error minimization does not violate the organism’s organizational
constraints. When A(t) = X (no constraints), prediction-error minimization is
fully admissible and the frameworks coincide. When A(t) ⊊ X (the generic bi-
ological case), prediction-error minimization may exit A(t), in which case the
organism must prioritize constraint maintenance over error minimization. The
admissibility framework thus subsumes the prediction-error framework while
preserving the distinctions between constraints, preferences, and goals that the
prediction-error framework collapses into the scalar E(t).

3.2 Living Systems as Persistence Structures
The central insight of the admissibility framework is that organisms are funda-
mentally persistence structures rather than inference machines. Their primary
organizational imperative is not to reduce uncertainty about the world but to
maintain the dynamical conditions under which they can continue to exist as or-
ganized systems. This imperative is prior to and more fundamental than any
epistemic operation, including prediction, inference, and model construction.

This claim can be sharpened by considering the contrast between predictive
accuracy and organizational persistence. A thermostat predicts, in a weak sense,
the temperature of the room and generates corrections to maintain it within a tar-
get range. An LLM predicts, in a sophisticated sense, the continuation of a text
sequence. Neither thermostat nor LLM is a persistence structure in the biologi-
cal sense. Neither must maintain metabolic continuity, preserve the conditions
of its own self-repair, maintain ecological coupling with an environment whose
structure it depends on for its continued functioning, or manage the multi-scale
organizational hierarchy that constitutes a living body. Their “predictions” are
computationally impressive but ontologically shallow: they optimize correspon-
dence rather than persistence.

Living organisms, by contrast, exhibit what we might call homeodynamic orga-
nization: they maintain their organizational structure not by achieving a static
equilibrium but by continuously cycling through controlled perturbation and re-
covery, actively creating and maintaining the conditions of their own continued
existence. This is not a trivially different kind of prediction-error minimization;
it is a categorically different organizational principle.

Definition 3.3. A system S is a persistence structure if it maintains the conditions
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of its own continued organization through dynamical coupling with its environment,
metabolic self-repair, and active management of its own boundary conditions, such that
the primary criterion of success is continued organizational coherence rather than predic-
tive accuracy.

The distinction between optimization of correspondence and optimization of
persistence produces different explanatory frameworks for understanding cog-
nitive pathology. Predictive-processing accounts of conditions such as depres-
sion, psychosis, or anxiety characterize them as disorders of prediction or infer-
ence: the generative model has inappropriate priors, or the precision-weighting
of prediction errors is dysregulated. These accounts are not without insight. But
they systematically miss the organizational dimension of these conditions: the
collapse of the organism’s capacity to maintain viable trajectories through its so-
cial and ecological environment, the disintegration of the temporal coherence that
makes purposive action possible, the narrowing of the admissible trajectory space
to a point where the organism can no longer sustain the conditions of its own vi-
tality.

An admissibility framework makes these organizational dimensions central
rather than peripheral. Cognitive pathology is not primarily a disorder of in-
ference but a disorder of trajectory maintenance: a condition in which the or-
ganism’s capacity to navigate its admissible subspace has been compromised,
whether by environmental constraint, metabolic disruption, or the collapse of the
stabilizing structures that normally anchor its organizational coherence.

3.3 Entrained Anticipation
The cyanobacterium provides one of the most philosophically important exam-
ples in the entire debate about prediction and anticipation. Before dawn, cyanobac-
teria begin decompacting their chromosomes in preparation for the photosyn-
thetic activity that will begin when sunlight arrives. This is genuine anticipation:
the organism is reorganizing its internal state in advance of an environmental
event, in a way that is adaptive and functional. Yet it is not prediction in any
computationally significant sense. The chromosome does not contain an internal
model of sunrise. The cyanobacterium does not infer from sensory evidence that
sunrise is imminent and update a probability distribution over future states. The
anticipatory organization is embedded in the dynamical coupling between the
organism’s biochemical rhythms and the environmental periodicity of light and
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dark.

This is what Brette calls anticipationwithout representation [2]: the organism
exploits regularities not by constructing internal models of them but by being dy-
namically entrained to them. The anticipatory structure is not a computational
operation performed on representations but a physical fact about the organism’s
embedding in a periodic environment. The organism’s internal dynamics are
shaped by the environment’s periodicities in a way that produces adaptive re-
organization without requiring any explicit predictive machinery.

The concept of entrainment is crucial here. An entrained system is one whose
internal dynamics have become coupled to the periodicities of an external driv-
ing system in a way that causes the internal dynamics to anticipate the driving
system’s future states. This anticipation is not inference-based but dynamical: it
is a consequence of the physical coupling between two oscillatory systems, not
the output of an inference algorithm operating over sensory data.

Definition 3.4. Anticipatory entrainment is the condition in which an organism’s
internal dynamical organization is physically coupled to environmental periodicities in a
way that produces adaptive reorganization in advance of environmental events, without
requiring the construction or manipulation of explicit predictive representations.

Anticipatory entrainment is not a marginal phenomenon. It is pervasive in
biology at all scales, from the circadian rhythms of single cells to the cultural
and institutional rhythms of human societies. Human cognition is shot through
with entrained anticipation: we wake before our alarm, complete familiar sen-
tences before they are uttered, flinch before the loud noise reaches full amplitude.
These are not instances of sophisticated Bayesian inference; they are instances of
dynamical coupling between an organism and its structured environment.

The contrast between anticipatory entrainment and technical prediction re-
veals a fundamental difference in the kind of system that exhibits each. Technical
prediction requires a systemwith an internal model: a representation of the envi-
ronment’s statistical structure, together with computational machinery for using
that representation to generate estimates of future states. Anticipatory entrain-
ment requires a system that is physically coupled to the environment’s structure
in a way that its internal dynamics partially mirror the environment’s dynamics.
The first is an epistemic relationship between model and world; the second is a
physical relationship between coupled dynamical systems.
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This distinction has deep consequences for the theory of artificial intelligence.
Current AI systems are, almost exclusively, prediction systems in the technical
sense: they construct internal representations of statistical regularities in train-
ing data and use those representations to generate continuations, completions,
or classifications. They are not, in any meaningful sense, entrained to their envi-
ronment, because they have no physical body, no metabolic organization, and no
ecological embedding that could support genuine entrainment. Their apparent
anticipatory competence is a consequence of sophisticated statistical modeling,
not dynamical coupling.
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Chapter 4

Clarifications and Extensions

4.1 Prediction as LocalRegulationRatherThanGlobal
Ontology

One possible misunderstanding of the present framework is that it denies the ex-
istence or importance of predictive processes altogether. This is not the claim.
Organisms clearly exploit temporal regularities, generate expectations, and per-
form local anticipatory adjustments. The argument developed here is instead that
predictive operations are subordinate regulatory mechanisms within a larger or-
ganizational structure whose primary imperative is persistence rather than corre-
spondence.

A useful analogy is biological homeostasis. A thermostat-like regulation loop
maymaintain body temperature within a narrow range, but the organism itself is
not reducible to temperature regulation. Temperature regulation is one local sta-
bilizing operation embeddedwithin amulti-scale organizational structurewhose
overall imperative is viability. Similarly, predictive mechanisms may participate
in local stabilization without constituting the ontological foundation of cognition
itself.

Formally, let
Pi : X → Rni

denote a family of local predictive operators acting over restricted subspaces of
the organism’s trajectory manifold. These operators generate local anticipatory
adjustments:

Pi(xt) 7→ x̂t+δ.
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The admissibility framework does not reject these operations. It embeds them
within a higher-order organizational constraint:

γ(t) ∈ A(t),

where the preservation of admissibility takes precedence over minimizing any
individual predictive discrepancy.

This distinction matters because predictive optimization can become locally
successfulwhile globally destructive. Anorganismmay reduce uncertaintywithin
a restricted domain while simultaneously collapsing its larger admissible trajec-
tory space. Addiction, compulsive behavior, bureaucratic rigidity, and patho-
logical optimization systems all exhibit this pattern: local stabilization produces
global organizational failure. Prediction therefore remains real but non-sovereign.
It is one stabilization strategy among many within a broader ecology of persis-
tence.

4.2 TheDistinctionBetweenCorrespondence andCo-
herence

Asecond ambiguity concerns the concepts of correspondence and coherence, which
are frequently treated as interchangeable within computational and representa-
tional frameworks but refer to fundamentally different organizational relation-
ships.

Correspondence concerns representational alignment: a representation R(x)
accurately tracks some feature of the world W , formalized as R(x) ≈ W . Coher-
ence concerns organizational compatibility: multiple interacting processes main-
tain sufficient mutual compatibility to preserve the integrity of a larger organiza-
tional structure, which we can express as C(x1, . . . , xn) > ϵ for some threshold
ϵ.

An organism can maintain coherence while sacrificing correspondence. Hu-
man beings routinely distortmemories, rationalize contradictions, and selectively
filter information in ways that preserve organizational stability despite reducing
representational accuracy. This is not cognitive failure but organizational success:
the organism prioritizes the maintenance of its coherent trajectory space over the
accuracy of its internal descriptions of the world. Conversely, systems can main-
tain high representational accuracy while lacking coherence entirely. A language
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model may produce locally accurate continuations while lacking any persistent
organizational structure binding those continuations into a stable purposive tra-
jectory.

The distinction is especially important because many predictive-processing
accounts implicitly assume that sufficient correspondence automatically gener-
ates coherence. The present framework rejects this assumption. Coherence is not
reducible to representational accuracy because coherence concerns the stability
of dynamical relationships rather than the correctness of symbolic descriptions.
A collection of accurate but dynamically unintegrated representations does not
constitute an organized system. Integration, not accuracy, is the primary organi-
zational requirement.

It is worth acknowledging the degree of independence between the two. In
ecologically normal environments, coherence and correspondence tend to co-vary:
an organism that maintains coherent admissibility will generally track the fea-
tures of its environment with sufficient accuracy. The distinction becomes critical
at the boundaries, under stress, or in adversarial conditions. A cognitive system
under extreme metabolic depletion, social isolation, or environmental disruption
will sacrifice correspondence to maintain coherence, producing the systematic
distortions characteristic ofmotivated reasoning, memory confabulation, and per-
ceptual constancy effects. The claim is not that coherence and correspondence are
empirically independent across all conditions, but that coherence is organization-
ally prior: it is the condition under which correspondence-tracking remains pos-
sible, not its equivalent or its product. The practical implication is that systems
which optimize correspondence in ecologically normal training distributionsmay
fail abruptly when the distributional conditions that allowed correspondence to
incidentally produce coherence no longer hold.

4.3 TrajectoryCollapse andOrganizational Pathology
The admissibility framework allows pathological conditions to be reformulated
in geometrical rather than purely inferential terms. Rather than treating dysfunc-
tion exclusively as erroneous inference or distorted prediction, dysfunction may
be understood as the collapse or deformation of an organism’s admissible trajec-
tory space.

Definition 4.1. A trajectory collapse occurs when the admissible subspace A(t) con-
tracts such that the organism loses access to previously available organizational trajecto-
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ries necessary for viable persistence.

This reformulationprovides a unified geometric interpretation of awide range
of pathological phenomena. In depression, the organism’s future trajectory space
contracts: actions that previously appeared viable lose their accessibility, and the
organism becomes trappedwithin a shrinking basin of low-energy organizational
states. The problem is not primarily that the depressed organism holds false be-
liefs about the world but that its topology of possibility has narrowed to the point
where purposive action becomes geometrically unavailable. In addiction, local
stabilization loops come to dominate higher-order coherence maintenance: the
organism repeatedly returns to a narrow attractor basin that preserves short-term
regulatory stability while progressively destroying long-term admissibility. The
addictive attractor is locally stable and globally catastrophic. In obsessive cog-
nition, recursive stabilization becomes overconstrained: the system sacrifices ex-
ploratory flexibility in exchange for excessive local predictability, narrowing its
admissible space by excessive self-binding rather than by external pressure.

The same geometric analysis extends beyond individual organisms. In insti-
tutional rigidity, stabilization operators that once preserved coherence become
excessively crystallized, preventing adaptation to changing environmental con-
ditions and eventually destabilizing the larger system they were originally de-
signed to preserve. In AI hallucination, the absence of genuine organizational
constraints means that the system has no admissibility boundary to enforce: it
generates continuations that are statistically plausible within its training distri-
bution but organizationally incoherent with respect to any persistent imperative,
because no such imperative exists for it to maintain.

These examples illustrate that organizational pathology is often geometrical
rather than merely inferential. The problem is not simply that the organism “be-
lieves false things” but that its admissible trajectory topology has become dis-
torted, contracted, or fragmented in ways that preclude viable persistence.

4.4 Temporal Layering and Recursive Persistence
The concept of persistence developed throughout this essay should not be un-
derstood as static self-identity. Biological and cognitive systems persist precisely
through transformation; their continuity is recursive rather than inertial. This
distinction requires a richer treatment of temporality than is typically present in
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optimization-based models.

LetAk(t)denote admissibility structures operating at different temporal scales
k. Fast-timescale admissibility governs immediate sensorimotor viability: the
moment-to-moment coordination of bodily action with environmental structure
that keeps the organism physically viable. Intermediate-timescale admissibility
governs habits, routines, and social coordination: the organizational patterns that
allow the organism to navigate its social and practical environment without con-
tinuous deliberation. Long-timescale admissibility governs identity, institutions,
and civilizational continuity: the deep structural constraints that make certain
life-trajectories coherent and others self-undermining across the span of years and
generations.

Persistence emerges through the recursive coordination of these nested tem-
poral layers, formalized by the compatibility condition

Ak+1(t) ⊇ Ak(t).

Anorganism remains coherent not by preserving identical states through time but
by maintaining compatibility relations across multiple evolving temporal hori-
zons simultaneously. This is why Bergson’s insistence on the irreducibility of
duration [4], Whitehead’s process ontology [5], and Simondon’s account of indi-
viduation as continuous transduction [12] are philosophically relevant here: each,
in different ways, insists that temporal existence is not the successive occupation
of instantaneous states but the ongoing constitution of a process through its own
dynamical history.

This layered temporality helps explain why purely myopic optimization sys-
tems fail to exhibit robust agency. Systems optimized only for immediate predic-
tion or short-term reward frequently destabilize the larger temporal structures
upon which long-term coherence depends. The problem of intelligence is there-
fore notmerely theminimization of some local prediction errorE(t) but themain-
tenance of coherence across recursively nested temporal admissibility structures.
An agent that succeeds at the fast timescale while failing at the intermediate and
long timescales is not a partial success but an organizational failure, because
the temporal layers are not independent: fast-timescale decisions shape which
intermediate-timescale trajectories remain admissible, and intermediate-timescale
habits shape which long-timescale life-trajectories remain open.

Varela’s account of temporal constitution in embodied mind [13] is relevant
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here as well. The organism does not merely exist in time; it constitutes its own
temporal horizon through its ongoing activity. The admissibility structure Ak(t)

is not a fixed constraint imposed from outside but an evolving product of the or-
ganism’s own history of activity and response. Cognition is therefore temporally
self-constituting in a sense that no prediction-error account captures, because
prediction-error accounts treat time as the parameter along which inference oc-
curs rather than as the medium in which the organism’s organizational form is
continuously generated.

4.5 Symbolic Structures as Topological Glue
The clipboard framework developed in the following chapter can be clarified
through a preliminary topological interpretation of symbolic systems. A sym-
bolic artifact — an essay, diagram, proof, institution, or ritual — does not merely
preserve information. It preserves navigability across discontinuities.

Suppose a cognitive trajectory γ : [t0, t1] → X is interrupted by perturbation,
distraction, or temporal separation. Without stabilization, the trajectory may be-
come irrecoverable because the local organizational conditions that sustained it
no longer exist. A symbolic stabilization operator S preserves a partial local struc-
ture by implementing a map S : Ui → Uj , where Ui, Uj ⊂ X are locally coherent
neighborhoods within the trajectory manifold. The symbolic structure acts as a
gluing operator between otherwise disconnected regions of cognitive space, al-
lowing trajectories to be resumed despite discontinuities in time, attention, em-
bodiment, or context.

This interpretation explainswhy symbolic systems scale civilization itself. Math-
ematics, writing, law, archives, rituals, and institutions collectively function as
distributed topological glue preserving coherence across generations. Civiliza-
tion is therefore not merely accumulated information but recursively stabilized
navigability: the ongoing maintenance of a shared admissible trajectory space
large enough to sustain collective organizational complexity across the disrup-
tions of time.

4.6 Why Prediction Systems Simulate Agency
One final clarification concerns why predictive systems can appear agentive de-
spite lacking organizational persistence. The appearance of agency in sophisti-
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cated prediction systems is not a mystery but a structural consequence of what
those systems are trained on.

Sufficiently advanced continuation systems can locally approximate the out-
puts of genuinely agentive systems because the statistical structure of human sym-
bolic behavior already contains compressed traces of agency. Human language
encodes purposive structure, social constraint, temporal continuity, emotional
regulation, and ecological adaptation. A sufficiently sophisticated continuation
engine trained on this data therefore reproduces many surface features of agency
without instantiating the organizational conditions that generated those features
originally. The simulation may reproduce observable patterns with extraordi-
nary accuracy while lacking the organizational constitution that generates those
patterns in biological systems.

The distinction resembles the difference between simulating a hurricane nu-
merically and being a hurricane physically. The simulation may reproduce ob-
servable patterns — pressure gradients, wind speeds, precipitation distributions
— with extraordinary accuracy while lacking the thermodynamic organization
constitutive of the phenomenon itself. The simulation has no eye, no latent heat re-
lease, no Coriolis-coupled convective dynamics: it has a numerical representation
of the outcomes of those processes. Likewise, prediction systems can reproduce
symbolic traces of agency without maintaining admissible trajectories, embodied
persistence, or ecological coherence. Their apparent purposiveness is therefore
derivative rather than intrinsic: it is borrowed from the organizational achieve-
ments of the biological agents whose symbolic output constitutes their training
data, rather than generated by any organizational imperative of their own.

This observation has implications for AI alignment that deserve to be made
explicit. Aligning a prediction system by training it to produce outputs that cor-
respond to human preferences is not the same as creating a system that main-
tains a coherent relationship with human organizational imperatives over time.
Correspondence-based alignment may succeed locally and fail globally, for the
same reason that local predictive optimization can succeedwhile destroying global
admissibility. An alignment framework adequate to the organizational account of
agency developed here would need to stabilize a shared admissible field between
human and system rather than optimize the correspondence between system out-
puts and human preference signals.
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4.7 What This Framework Does and Does Not Claim
Four potential misreadings of the admissibility framework recur with enough fre-
quency that it is worth addressing them directly before proceeding to the positive
account of symbolic stabilization.

The first misreading is that the framework denies computation. The admissi-
bility framework makes no such denial. Organisms perform operations that are
computationally describable, exploit regularities, compress environmental struc-
ture, and stabilize local predictive loops. The issue is not whether computation
occurs but whether computation constitutes the primary organizational principle
of cognition. The admissibility framework argues that computation is subordi-
nate rather than sovereign: computational operations emerge within an already
existing persistence structure whose primary imperative is the maintenance of
viable organizational trajectories. This can be expressed through the inclusion
relation C ⊂ A, where C denotes the class of computationally tractable regulatory
operations and A denotes the admissible organizational structure within which
those operations remain viable. Computation appears not as the constitutive sub-
strate of cognition but as one family of local stabilization mechanisms embedded
within a larger persistence geometry. A neural subsystem may behave computa-
tionally without cognition itself being reducible to computation, in the same way
that fluid turbulence may exhibit locally linear approximations while remaining
globally nonlinear.

The second misreading is that persistence is a return to classical homeostasis.
Homeostasis describes the maintenance of stable internal variables around equi-
librium points. Persistence, in the sense developed here, is structurally richer.
A homeostatic system attempts to preserve local equilibrium conditions; a persis-
tence structure preserves the conditions underwhich coherent trajectories remain
navigable across changing environments, scales, and organizational transforma-
tions. The organism does not merely maintain static variables but recursively
reorganizes itself to preserve viability under conditions where equilibrium itself
may require continual transformation. A developing organism cannot remain vi-
able by preserving a fixed state; it must continuously alter its own organization
while preserving coherence through the alteration. Formally, homeostasis seeks
bounded deviation around a fixed attractor, |x(t) − x∗| < ϵ, while persistence
concerns the preservation of admissible navigability, γ(t) ∈ A(t), where both the
trajectory and the admissible region evolve recursively. Persistence is therefore

31



fundamentally processual rather than equilibrium-based.

The third misreading is that symbolic systems are epiphenomenal relative to
biological organization. The stabilization-operator account rejects this hierarchy.
Symbolic systems become organizationally real precisely insofar as they alter ad-
missible trajectory structure. A legal institution changes which social trajectories
remain viable. A scientific theory reorganizes which conceptual trajectories be-
come accessible. A personal narrative alters which actions appear coherent to
the organism maintaining it. Let S : X → X ′ be a symbolic stabilization opera-
tor acting over trajectory space. The symbolic structure becomes organizationally
real when the induced admissible geometry satisfies A′(t) 6= A(t): the symbolic
operation has changed the topology of viable trajectories. Under this interpreta-
tion, symbolic systems are higher-order persistence structures capable of stabiliz-
ing trajectories across temporal and social scales inaccessible to purely biological
regulation alone. Civilization becomes possible only because symbolic stabiliza-
tion operators preserve coherence across generations that no individual organism
could maintain independently.

The fourth misreading is that agency is a larger-scale optimization. The dis-
tinction between optimization and agency concerns irreversible organizational
consequence, not merely scope or power. Optimization compresses trajectory
space toward a minimum, X → x∗; agency preserves navigable organizational
possibility, X → A(t). A sufficiently powerful optimizer may become increas-
ingly dangerous precisely because it can discover trajectories exiting the shared
admissible region while still satisfying its local objective function. Scaling opti-
mization increases local search power without generating persistence structure.
Genuine agency therefore requires categorical constraintmaintenance rather than
unrestricted scalar minimization, and this is a structural requirement indepen-
dent of capability scale.

4.8 Operational and Conceptual Clarifications
Three further clarifications address concerns that the formalism raises but the
preceding sections do not fully resolve.

Prediction as embedded rather than autonomous. The admissibility framework
denies that prediction constitutes the constitutive ontology of cognition, but it
does not treat prediction as a single monolithic operation to be accepted or re-
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jected wholesale. When an organism generates a numerical estimate of when a
ball will arrive, this is a locally defined predictive operation Pi : Ui ⊂ X → Rni

over a restricted neighborhood of trajectory space. This operation is not reducible
to anticipatory entrainment, which is a matter of dynamical coupling rather than
explicit estimation. The admissibility framework treats both as legitimate orga-
nizational operations that differ in their computational structure while sharing
their organizational function: both serve the preservation of γ(t) ∈ A(t). The
framework is therefore not a single-mechanism account of anticipation but a hi-
erarchical account in which the global admissibility constraint is prior, and mul-
tiple distinct anticipatory mechanisms — entrainment, explicit estimation, habit,
social coordination — are organized as subordinate strategies within it. When
local prediction and admissibility maintenance conflict, admissibility takes prece-
dence; when they are compatible, both operate. This interaction is not a gap in
the framework but its normal operation.

Operational criteria for A(t). The admissible region A(t) ⊂ X should not be
interpreted as a hidden object directly observable in isolation, any more than a
dynamical attractor or a phase space manifold is directly observable. One recon-
structs A(t) from the stability structure of observed trajectories under perturba-
tion. Three observable signatures constrain its reconstruction. First, perturbation
recovery structure: a system with stable admissibility returns to characteristic or-
ganizational regions after bounded perturbation, γ(t+δ) → N (x∗), with recovery
dynamics that are not fully determined by any local loss landscape. Second, tra-
jectory accessibility asymmetry: the framework predicts that some trajectories are
dynamically inaccessible despite being locally optimal under restricted objective
functions, producing the hysteresis and irreversibility characteristic of addiction,
ecological collapse, and institutional rigidity. Third, stratified transition behavior:
if A(t) possesses singular organizational boundaries, transitions between orga-
nizational modes should exhibit discontinuous accessibility changes rather than
smooth parametric interpolation. These signatures are not sufficient to fully spec-
ifyA(t), but theydistinguish the admissibility account fromapure loss-landscape
account in empirically testable ways. The framework is therefore not unfalsifi-
able; it is underdetermined in its current form and requires further formalization,
which the appendices and the broader research program they gesture toward are
designed to advance.
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Organizational integrity as constraint closure. The concept of organizational
integrity appears throughout this essay and requires explicit specification. It does
not denote homeostatic stability, informational integration alone, or autopoietic
closure in the restricted metabolic sense. Organizational integrity denotes recur-
sive constraint closure across interacting organizational scales: the system’s activ-
ity contributes to preserving the boundary conditions that allow the activity to
continue occurring.

Definition 4.2. A system possesses organizational integrity if the processes constitut-
ing the system recursively maintain the constraints necessary for the continued persis-
tence of those same processes across time. Formally, let C(t) = {C1, . . . , Cn} denote the
active constraint set governing a system’s persistence. Organizational integrity exists
when the dynamical evolution satisfies the recursive closure condition

∀Ci ∈ C(t), ∃ γj such that γj → Ci.

That is, the system’s trajectories regenerate the constraints sustaining those trajectories
themselves.

This distinguishes persistence structures from optimization systems. A pre-
dictive model may maintain local statistical coherence while lacking recursive
constraint closure: its outputs need not preserve the organizational conditions
enabling future output generation. Biological organisms continuously regener-
ate metabolic, ecological, behavioral, and symbolic boundary conditions neces-
sary for their own persistence. Organizational integrity is therefore not a vague
explanatory primitive but a precisely characterizable structural property: it is
present when recursive constraint closure holds, and absent when it fails. The
concept is related to but distinct from autopoiesis, which concerns metabolic self-
production; organizational integrity as defined here extends to symbolic, institu-
tional, and social constraint structures that metabolic accounts do not reach.

34



Chapter 5

The Clipboard as a Stabilization
Operator

5.1 Memory Beyond Storage
The standard account of memory in cognitive science treats it as a storage-and-
retrieval system: information is encoded in some substrate, stored across time,
and retrieved when needed. This account is deeply shaped by the computer
metaphor: memory is RAM, long-term memory is disk storage, retrieval is read-
access. Even more sophisticated accounts — connectionist, embodied, or enac-
tivist — tend to preserve the basic functional architecture of storage and retrieval
while relocating it from explicit data structures to distributed activation patterns
or bodily habits.

This essay proposes a different account, which we can call the clipboard the-
sis. The central claim is that what cognitive systems call “memory” is better un-
derstood as a family of stabilization operators: structures that preserve coherence
across temporal gaps, anchor organizational continuity in the face of perturbation,
and maintain admissible trajectories through otherwise volatile transformations.
A clipboard, in the broadest sense, is any structure that performs this function
— any device that keeps a trajectory open when the forces that generated it have
passed and the forces that will continue it have not yet engaged.

The familiar digital clipboard is a useful but misleading exemplar. What the
clipboard does in a computational system is preserve the content of a selection
across the temporal gap between copy andpaste. But this preservation is achieved
by storing a static representation of the content, which is retrieved unchanged on
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demand. The cognitive phenomenon that the clipboard metaphor is meant to
capture is not like this. What is preserved in genuine cognitive continuity is not
static content but organizational coherence: the capacity to continue a trajectory
that was interrupted, to pick up a line of thought after a distraction, to return to
a project after sleep, to maintain purposive direction across the discontinuities of
daily life.

This kind of continuity is not achieved by storing representations. It is achieved
by maintaining stabilizing structures that make certain trajectories available and
others unavailable: notes, sketches, marked pages, organized desks, familiar envi-
ronments, ritual practices, conversational partners, and institutional frameworks.
These are not memory stores in the computational sense; they are organizational
scaffolds that anchor trajectories by distributing their stabilization across the or-
ganism’s environment.

Definition 5.1. A stabilization operator is any structure — internal, external, social,
or symbolic — that preserves the availability of an organizational trajectory across a tem-
poral gap duringwhich the trajectory cannot be actively maintained by the organism alone.

The physical substrate of a stabilization operator varies by scale and organiza-
tional level, and this variation is not an embarrassment but a consequence of the
framework’s generality. At the neural level, synaptic potentiation is a stabiliza-
tion operator whose physical substrate is the changed conductance of synaptic
channels. At the cognitive level, a written note is a stabilization operator whose
physical substrate is ink on paper, pixels on a screen, or any durable encoding
of constraint structure. At the institutional level, a constitution is a stabilization
operator whose physical substrate is a combination of written documents, en-
forcement mechanisms, social practices, and the trained dispositions of institu-
tional actors. What unifies these across their substrate diversity is the functional
property: each preserves the availability of an organizational trajectory across
a temporal gap by externalizing enough of its constraint structure to allow re-
entry. The appropriate question is therefore not what single physical substance
constitutes a stabilization operator, but what physical conditions are sufficient to
preserve constraint structure across the relevant temporal gap — a question that
admits different answers at different organizational scales without undermining
the framework’s unity.

36



5.2 Essays, Notes, andRecursiveConstraint Stabiliza-
tion

The symbolic structures that cognitive systems routinely produce—essays, notes,
diagrams, programs, mathematical proofs, musical scores— function as stabiliza-
tion operators in a specific and important way: they preserve the constraint struc-
ture of a trajectory rather than its content. An essay does not store the thought
it expresses; it re-creates the organizational conditions under which the thought
can be re-inhabited. Reading an essay by a thinker is not retrieving stored infor-
mation; it is entering into the constraint-field that the thinker has articulated, and
using that constraint-field to navigate toward the organizational state in which
the thinker’s trajectory becomes available.

This can be formalized as follows. Let X be the cognitive trajectory space of
an organism, and let A(t) ⊂ X be the organism’s admissible subspace at time t.
An essay E is a symbolic structure that implements a compression mapping

fE : X →ME,

whereME is a compressed representation of the constraint structure of a specific
region ofX . The essay does not preserve trajectories directly; it preserves enough
of the constraint structure of a region ofX to make those trajectories re-accessible
to a reader who enters the field generated by fE . Reading the essay is the inverse
operation f−1

E , which expands the compressed constraint structure back into a
navigable region of the reader’s trajectory space.

This account explains why good essays are not merely informative but cogni-
tively generative: they do not just convey propositions but reorganize the reader’s
admissible trajectory space in ways that make new organizational states accessi-
ble. They function as constraint-maps rather than content-stores. The value of a
good essay is not that it tells the reader something they did not know but that it
reconfigures the topology of the reader’s cognitive space in ways that make new
trajectories available.

The same account applies tomathematical proofs, which are perhaps the clear-
est case of symbolic constraint stabilization. A proof is not a record of the mathe-
matician’s mental states; it is a sequence of constraint-preserving transformations
that takes the reader from the axioms to the theorem by a path that is organiza-
tionally stable enough to be traversed repeatedly and shared across different cog-
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nitive systems. The proof preserves the constraint structure of the mathematical
trajectory from hypothesis to conclusion, making that trajectory available to any
reader who enters the field defined by the proof’s axioms and rules of inference.

Proposition 5.2. Symbolic structures that function as stabilization operators implement
recursive constraint stabilization: they not only preserve specific trajectories but preserve
the organizational conditions under which new trajectories can be generated.

Proof. Let E be a symbolic structure implementing a compression mapping fE :

X → ME . Suppose E preserves the constraint structure of a region R ⊂ X . A
reader who enters the field of E gains access not only to the trajectories explicitly
encoded in ME but to the constraint structure of R itself, which determines the
topology of trajectories in R. This topology includes not only the specific trajec-
tories that E represents but all trajectories that are consistent with the constraint
structure of R. The reader can therefore generate new trajectories within R by
navigating the constraint structure that E has made available, rather than merely
retrieving the specific trajectories that E explicitly encodes. Symbolic structures
that function as stabilization operators thus implement recursive constraint stabi-
lization: they preserve not only trajectories but the generative conditions for new
trajectories.

Rituals, institutions, and identities function analogously. A ritual preserves
the organizational conditions under which a collective state can be re-inhabited;
it is a recursive stabilization operator for a shared admissible trajectory space. An
institution encodes constraint structures that make certain social trajectories sta-
ble and others unstable; it is a topological anchor for a collective organizational
field. An identity is the persistence of a characteristic constraint structure through
the disruptions of time and circumstance; it is a recursive self-stabilization opera-
tion that makes certain trajectories consistently available and others consistently
unavailable.

5.3 The Geometry of Selfhood
The account of memory and symbolic structure developed in the preceding sec-
tions leads naturally to a reconceptualization of selfhood. If stabilization opera-
tors are the primary cognitive structures, then the self is not a stored representa-
tion of a persistent entity but the persistence of a characteristic constraint struc-
ture through time.
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Definition 5.3. Selfhood is the persistence of a coherent constraint structure across
temporal gaps and organizational perturbations: the maintenance of a characteristic ad-
missible trajectory space whose topology is stable enough to be recognizable as continuous,
while dynamic enough to accommodate growth, change, and response to circumstance.

On this account, self-identity is not a metaphysical puzzle about the persis-
tence of a substance through time but a dynamical fact about the topology of an
admissible trajectory space. The self persists insofar as the constraint structure
of its admissible trajectory space remains coherent: insofar as certain trajectories
remain available and certain others remain unavailable across the disruptions of
sleep, distraction, illness, and change. The self is disrupted insofar as this con-
straint structure becomes incoherent: insofar as trajectories that were previously
available become closed, or previously closed trajectories become open in ways
that destabilize the organism’s organizational coherence.

This account preserves the intuition that personal identity is connected to con-
tinuity of experience, character, and purpose, while replacing the problematic
notion of a persistent mental substance with the more tractable notion of a persis-
tent constraint topology. The self is not a thing but a dynamical pattern: a stable
mode of navigating an admissible trajectory space that persists through time by
continuously re-instantiating the conditions of its own coherence.

Narrative plays a crucial role in this self-stabilization process. The stories
an organism tells about itself are not accurate records of what happened but
constraint-maps that make certain trajectories available and others unavailable.
A person who understands themselves as a scientist, an artist, or a survivor has
a self-narrative that imposes a constraint structure on their admissible trajectory
space, making certain actions coherent and others incoherent given who they un-
derstand themselves to be. The self-narrative is a stabilization operator for the
self’s characteristic constraint topology.
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Chapter 6

Toward a Topological Ontology of
Cognition

6.1 Preliminary Clarifications
Before developing the topological ontology in formal detail, it is worth address-
ing directly a cluster of objections that the preceding chapters invite but have
not yet fully answered. These concern the explanatory status of geometrical lan-
guage, the distinction between descriptive and constitutive accounts, the relation-
ship between local and global viability, and the sense in which topology rather
than symbolic computation is the appropriate framework for cognition. Clear-
ing these matters explicitly prevents the more formal sections from being read as
decorative rather than structural.

Why the Framework is Not Merely Metaphorical

One possible objection is that the topological language employed throughout this
essay is merely metaphorical: that terms such as trajectory space, boundary, strat-
ification, and organizational collapse redescribe familiar psychological phenom-
ena without introducing genuinely explanatory structure. This objection misun-
derstands the role that geometry already plays in contemporary scientific expla-
nation.

Modern physics characterizes systems geometrically rather than mechanisti-
cally as a matter of course. General relativity replaces gravitational force with
spacetime curvature. Dynamical systems theory characterizes organization through
attractors, bifurcations, and phase transitions rather than through symbolic rules.
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Control theory defines viability kernels geometrically as constrained regions of
state-space within which persistence remains possible. The admissibility frame-
work extends this style of explanation into cognition and agency, and in doing so
it stands on established methodological ground rather than novel metaphorical
ground.

The admissible region A(t) ⊂ X is not a metaphor for viability; it is the or-
ganizational condition under which viability exists. Trajectory collapse is not an
evocative phrase for pathology but a claim about the contraction of accessible or-
ganizational states. Depression, addiction, rigidity, and institutional failure all
exhibit the same formal structure: a narrowing of accessible trajectories and a re-
duction in the dimensionality of viable organizationalmovement. The framework
is therefore an attempt to identify the geometrical substrate underlying persis-
tence itself, not a symbolic redescription of substrate already well characterized
by other means.

The Distinction Between Description and Constitution

A recurrent confusion throughout computational neuroscience arises from the
failure to distinguish between descriptive adequacy and constitutive ontology.
A model may successfully describe the behavior of a system without constitut-
ing the causal architecture by which the system operates. Predictive-processing
frameworks frequently move illegitimately from the claim that M predicts X to
the claim that X internally implements M . The success of Bayesian or predic-
tive models becomes reinterpreted as evidence that organisms literally perform
Bayesian inference internally. But this inference does not follow.

The weather is accurately modeled through Fourier decomposition without
the atmosphere itself containing Fourier coefficients. Orbital mechanics is mod-
eled through coordinate systems that planets donot instantiate. Likewise, predictive-
processing models may successfully characterize statistical regularities in neural
activity without the nervous system implementing predictive coding as its con-
stitutive ontology. The scientist’s compressed model M = π(X) remains a pro-
jection of the organism’s ecological trajectory space rather than a proof that the
organism computes overM internally.

This distinction is not merely philosophical but methodological. Entire re-
search programs become distortedwhen descriptive tools aremistaken for consti-
tutive architecture, because scientists begin searching for neural implementations
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of operations that exist only in the observer’s analytical framework. The reifica-
tion error documented in Chapter 1 is not an occasional mistake but a systematic
consequence of ignoring the description/constitution distinction.

Why Local Success Does Not Imply Global Viability

One of the central organizational principles of this essay is that local optimization
and global persistence are fundamentally different kinds of achievement. Biolog-
ical systems frequently tolerate local inefficiency to preserve larger-scale organi-
zational coherence, while optimization systems often destroy their own viability
precisely by succeeding too effectively at local objectives. An addict locally sta-
bilizes affective distress while globally collapsing long-term viability. A bureau-
cracy optimizes measurable metrics while destroying the institutional flexibility
necessary for survival. A language model maximizes statistical continuation ac-
curacy without maintaining any coherent organizational trajectory beyond the
continuation itself.

The mathematical distinction is already established in the preceding chapter:
local optimization seeks the best point in anunrestricted space, γ∗ = argminγ∈X E(γ),
while admissibility requires preservation of movement within a constrained or-
ganizational region, γ(t) ∈ A(t). Optimization pressure frequently drives sys-
tems toward trajectories that are locally efficient but globally catastrophic, which
is precisely why local inferential success cannot serve as a sufficient criterion for
cognition. Cognition is not the production of accurate local outputs but the preser-
vation of coherent admissible trajectories across time.

Topology Rather Than Symbol Manipulation

The deeper implication of the admissibility framework is that cognition is more
naturally understood as topological navigation than as symbolic computation.
Symbolic systems presuppose stable external semantics: symbols function only
insofar as theirmappings remain coherent across transformations. Biological cog-
nition must maintain the conditions under which such coherence remains possi-
ble in the first place. An organism does not merely manipulate representations
of the world; it maintains the viability of the interface through which a world can
continue appearing as navigable at all.

Stability basins, attractor structures, stratified boundaries, organizational folds,
and admissible transitions are not secondary descriptive conveniences layered
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atop symbolic cognition; they are the deeper geometrical conditions under which
symbolic activity becomes possible. This is why organisms can survive persistent
representational inaccuracy while remaining organizationally coherent, whereas
purely predictive systemsmay exhibit extraordinary representational competence
while lacking persistence entirely. Representation is therefore subordinate to or-
ganization:

Representation ⊂ Organizational Persistence.

The central problem of cognition is not how symbols correspond to the world but
how organized systems remain coherent long enough for meaningful symbolic
relations to emerge at all.

6.2 From Logic to Topology
The dominant mode of cognition in the Western philosophical and scientific tra-
dition is logical: it takes the fundamental cognitive operation to be the manipu-
lation of truth-functional representations according to rules of inference. On this
account, cognition is primarily a matter of constructing, evaluating, and acting
on propositions about the world. The computational metaphor is the contempo-
rary expression of this logical tradition: it inherits logic’s commitment to discrete,
context-independent, compositionally structured representations, and adds the
claim that the brain is the physical implementation of a logical processor.

This essay proposes an alternative: that cognition is fundamentally topologi-
cal rather than logical. The fundamental cognitive operation is not the evaluation
of truth-functional propositions but themanagement of coherence-preserving de-
formations within an admissible trajectory space. The cognitive system is not pri-
marily a truth-machine but a coherence-preservation machine: it is organized to
maintain the topological integrity of its organizational structure through a dy-
namically changing environment.

The difference between logical and topological frameworks can be illustrated
by considering their different accounts of equivalence. In a logical framework,
two cognitive states are equivalent if they have the same truth-functional content:
if they represent the same propositions as true. In a topological framework, two
cognitive states are equivalent if they are continuously deformable into each other
within the admissible trajectory space: if there is a path from one to the other that
does not cross the boundary of the admissible region. This topological notion
of equivalence is much richer than the logical one: it is sensitive to the shape of
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the admissible region, to the trajectories that connect different states, and to the
organizational transformations that a cognitive system can perform.

The shift from logical to topological ontology is not merely a change of mathe-
matical formalism. It reflects a deep reorientation inwhat cognition is understood
to be about. Logical cognition is about truth: the cognitive system is organized
to track what is the case, to infer what follows from what, and to act on accu-
rate representations of the world. Topological cognition is about coherence: the
cognitive system is organized to maintain the structural integrity of its own orga-
nization, to navigate admissible trajectories, and to preserve the conditions of its
own continued functioning.

These are not mutually exclusive imperatives. A cognitive system that suc-
cessfully maintains its organizational coherence will, as a consequence, tend to
track truth in the relevant domains. But the relationship is indirect: truth-tracking
is a consequence of coherence maintenance, not the primary imperative. And
when the two come into conflict — when maintaining organizational coherence
requires ignoring or distorting truth — biological systems consistently prioritize
coherence. The pervasiveness of cognitive biases, motivated reasoning, and con-
fabulation in human cognition is not an anomaly to be explained away; it is evi-
dence that the primary imperative of human cognition is coherence maintenance
rather than truth-tracking.

6.3 Manifolds of Agency
Agency, on the topological account, is the capacity to maintain coherent admissi-
ble trajectories under changing constraints. This definition has several important
properties that distinguish it from standard accounts of agency in philosophy and
cognitive science.

Definition 6.1. Agency is the capacity of a system to maintain the coherence of its ad-
missible trajectory space across environmental perturbations: to sustain a characteristic
organizational structure that makes certain trajectories available and others unavailable,
and to navigate that structure in ways that preserve organizational integrity.

This definitionmakes agency amatter of degree rather than a binary property.
Systems differ in the richness of their admissible trajectory space, in the sophis-
tication of their capacity to navigate that space, and in the robustness of their or-
ganizational coherence under perturbation. A bacterium has a relatively simple
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admissible trajectory space and a limited capacity to navigate it, but it is genuinely
agentive: it maintains its organizational coherence through dynamical coupling
with its environment and actively manages the conditions of its own continued
existence. A human being has an enormously rich admissible trajectory space,
sophisticated navigation capacities, and a highly robust organizational structure,
but these are differences of degree, not kind.

The topology of the admissible trajectory space determines the structure of
agency. Key topological features include stability basins: regions of the trajectory
space from which the system reliably returns to a characteristic organizational
state after perturbation. A stability basin is not merely a set of states; it is a dy-
namical structure characterized by the existence of a stable attractor at its center
and a boundary beyond which the system is drawn toward a different attractor
or organizational collapse. Cognitive systems maintain multiple stability basins
simultaneously, corresponding to different organizational modes, and navigate
between them in ways that preserve overall organizational coherence.

Another key topological feature is the organizational fold: a region of the tra-
jectory space where nearby trajectories diverge sharply, corresponding to a criti-
cal choice or transition point in the organism’s organizational history. At an or-
ganizational fold, small differences in the organism’s state at time t lead to large
differences in its organizational trajectory over subsequent times. The organism
must navigate through folds carefully, because errors at a fold can lead to trajec-
tories that exit the admissible subspace entirely.

Dynamical coherence structures are perhaps the most important topological
feature. A coherence structure is a persistent pattern of mutual constraint among
the components of the organism’s organizational system that maintains the in-
tegrity of the whole across the perturbations of the parts. The immune system,
for example, is a dynamical coherence structure: it maintains the integrity of the
organism’s biological identity by continuously discriminating self from non-self
and responding to threats to organizational integrity. Cognitive systems have
analogous coherence structures at multiple scales, from the neural mechanisms
that maintain the coherence of perceptual experience to the social and cultural
mechanisms that maintain the coherence of collective identity.
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6.4 Cognition as Boundary Management
The topological account of cognition makes boundary management the central
cognitive operation. The organism-environment boundary is not a fixed line but a
dynamically evolving interface that the organismmust actively maintain in order
to preserve its organizational integrity. Cognition, on this account, is the ongo-
ing management of this interface: the continuous regulation of what crosses the
boundary, in what form, with what transformation, and with what consequences
for the organism’s organizational structure.

Definition 6.2. The organism-environment interface at time t is the dynamically
evolving boundary ∂O(t) between the organism’s organizational space and its environ-
ment, characterized by the flows of matter, energy, information, and constraint that cross
it and by the transformations the organism imposes on those flows.

Affordances, in Gibson’s sense, are features of the organism-environment in-
terface: they are properties of the interface thatmake certain actions available and
others unavailable given the organism’s specific bodily organization and action-
capacities. An affordance is not a property of the environment alone, nor a prop-
erty of the organism alone, but a relational property of the organism-environment
system at the interface. This is why affordance perception is not inference: it is
the organism’s direct registration of its own interface topology, of what the envi-
ronment affords given what the organism can do.

Embodiment, on this account, is not merely the fact that cognitive systems
have bodies but the fact that the organism’s bodily organization is the primary
determinant of its interface topology. Different bodies make different affordances
available; the organism’s morphology, physiology, and action-capacities shape
the topology of its admissible trajectory space in ways that are not separable from
the organism’s cognitive organization. Cognition is not a process that happens
inside the organism and then interactswith the body; it is a process constituted by
the organism’s ongoingmanagement of its bodily interface with the environment.

Ecological intelligence, on this account, is not abstract computational power
but the capacity for sophisticated interface management: the ability to maintain
a rich and coherent admissible trajectory space through a dynamically changing
environment bymeans of flexible, context-sensitivemanagement of the organism-
environment interface. An ecologically intelligent organism is not one that has
the most accurate world-model but one that can navigate the widest range of en-
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vironments while maintaining organizational coherence.

6.5 Admissibility, Symmetry, and theLocal Lineariza-
tion of Organization

The admissibility framework developed throughout this essay implicitly relies on
a distinction that also appears in modern geometry and mathematical physics:
the distinction between a globally curved organizational structure and the lo-
cally linear approximations through which that structure becomes analytically
tractable. The relationship between Lie groups and their associated Lie algebras
provides a precise formal analogy for clarifying this distinction, and ultimately
for clarifying why local predictive operations cannot, in principle, fully character-
ize global organizational persistence.

A Lie group is simultaneously a group and a smooth manifold. It possesses
both algebraic and continuous geometrical structure: rotations, continuous sym-
metries, gauge transformations, and smooth dynamical flows are all naturally de-
scribed in this language. Lie groups are, however, frequently too globally com-
plex to study directly. One approach is to study instead the tangent structure at
the identity element, TeG, which forms the associated Lie algebra g. The Lie al-
gebra acts as a local linearization of the larger nonlinear structure: one studies
the curved global object indirectly through its infinitesimal generators, the local
directional flows that collectively determine the global geometry.

This distinction is philosophically important for cognition because predictive-
processing frameworks implicitly assume that local inferential operators fully
characterize the global organization of the system. The admissibility framework
developed here instead proposes that local predictive operations are tangent ap-
proximations to a larger organizational manifold whose global structure cannot
be recovered from the properties of its local linearizations alone. A local predic-
tion operator behaves analogously to an infinitesimal tangent approximation:

Pt : TxX → Tx+δX.

It estimates immediate local evolutionwithin a restricted neighborhood of the tra-
jectory manifold. Admissibility, by contrast, concerns the topology of the mani-
fold itself,A(t) ⊂ X , including its folds, singularities, attractors, bifurcations, and
coherence boundaries. Local prediction may approximate movement along the
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manifold without determining the manifold’s global organizational structure.

This distinction clarifies why organisms can remain globally coherent despite
persistent local predictive failure. Biological systems frequently tolerate noisy,
inaccurate, or incomplete local predictions while preserving larger-scale organi-
zational integrity. Conversely, systems may achieve excellent local prediction
while globally destabilizing themselves — a condition increasingly characteristic
of optimization architectures whose local inferential success gradually destroys
the larger admissibility structures upon which their continued viability depends.
Just as knowing the tangent space at every point of a Lie group does not by itself
determine the global topology of the group, knowing the local predictive dynam-
ics of a cognitive system does not determine its global organizational persistence
structure.

6.6 The sl2 Seed Structure andOrganizationalModes
The simplest nontrivial semisimple Lie algebra, sl2, provides a useful conceptual
model for understanding recursive organizational structure because it generates
stable transformational hierarchies through only three generators [14]:

H, E, F,

satisfying the bracket relations

[H,E] = 2E, [H,F ] = −2F, [E,F ] = H.

HereHmeasures organizational state, whileE andF generate upward anddown-
ward transformations through the state hierarchy. In the representation theory
of sl2, finite-dimensional modules decompose into weight spaces Vλ indexed by
eigenvalues ofH , with the actions of E and F moving vectors between neighbor-
ing weight spaces:

E : Vλ → Vλ+2, F : Vλ → Vλ−2.

The weight-space decomposition V =
⊕

λ Vλ induces a partially ordered organi-
zational geometry— a navigable transformational manifold structured by admis-
sible transitions between neighboring organizational regions:

· · · ↔ Vλ−2 ↔ Vλ ↔ Vλ+2 ↔ · · ·
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The analogy to cognition is not that cognitive systems literally implement sl2
representations, but that organizational systems frequently exhibit recursively
generated admissibility hierarchies whose local transformational operators deter-
mine the accessibility relations between global organizational states. Certain cog-
nitive transformations increase abstraction, energetic flexibility, or exploratory
openness; others consolidate or stabilize organizational states into narrower at-
tractor basins. Sequences of thought often proceed through neighboring admis-
sible transformations rather than arbitrary jumps across cognitive space.

The highest-weight structure of finite-dimensional sl2 representations is par-
ticularly suggestive. Every finite irreducible representation contains a highest-
weight vector v0 satisfying E · v0 = 0: an extremal coherence state fromwhich the
entire representation unfolds recursively through repeated applications of F ,

vk = F kv0,

generating the constrained organizational trajectory v0 → v1 → · · · → vn. The
finite-dimensionality condition forces organizational closure: since the represen-
tation cannot extend indefinitely, repeated applications of F must eventually ter-
minate at F ·vn = 0. The representation is therefore not an unrestricted expansion
but a constrained navigable structure whose coherence depends on both genera-
tive openness and eventual closure.

Biological and cognitive systems exhibit analogous extremal structures. A de-
velopmental program begins from a tightly constrained organizational seed and
recursively unfolds increasingly differentiated trajectories. A scientific paradigm
begins from a compact generative framework whose recursive transformations
produce extended conceptual families. A symbolic narrative similarly acts as a
high-coherence organizational seed from which multiple subordinate interpreta-
tions and trajectories become available. The broader organizational principle that
the sl2 case illustrates is that viable structure is constrained generative navigabil-
ity: neither pure rigidity, which destroys adaptability, nor pure openness, which
destroys coherence, but bounded exploratorymanifolds structured strongly enough
to preserve identity while permitting adaptation.

It is worth being explicit about what this analogy does and does not constrain
empirically. The sl2 structure does not predict specific neural mechanisms or gen-
erate precise quantitative claims about firing rates or connectivity. What it does
constrain is the organizational architecture of admissibility hierarchies: any sys-
tem that exhibits bounded generative navigability with raising and lowering tran-
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sitions between qualitatively distinct organizational strata will be subject to the
same topological closure conditions thatmake finite-dimensional representations
finite-dimensional. Empirically, this generates the prediction that cognitive sys-
tems undergoing development or therapeutic reorganization should exhibit dis-
crete stratum transitions rather than continuous parametric improvements, that
there exist ceiling states fromwhich exploratory operators produce no further dif-
ferentiation, and that descent from higher to lower strata should be dynamically
easier than ascent. These predictions are testable, though their formalization re-
quires the stratified admissibility framework developed in the following section
rather than the Lie algebra alone.

6.7 PolynomialRealizations and theGeometry ofTrans-
formability

Every finite-dimensional irreducible sl2 representation can be realized concretely
through homogeneous polynomials in two variables:

{xayb : a+ b = n},

where the operators act as differential operators on this polynomial space:

H = x
∂

∂x
− y

∂

∂y
, E = x

∂

∂y
, F = y

∂

∂x
.

The action ofE raises the power of xwhile lowering the power of y, and conversely
for F :

E(xayb) = b xa+1yb−1, F (xayb) = a xa−1yb+1.

The representation therefore behaves as a constrained flow across a polynomial
manifoldwhose coordinates continuously transformunder the admissibility rules
generated by the algebra.

This realization is philosophically important because it reveals that the rep-
resentation is fundamentally geometric rather than merely symbolic. The gener-
ators do not manipulate abstract labels; they deform structured spaces through
continuous transformational flows. The significance for cognition is that sym-
bolic reasoning itself often behaves less like discrete rule execution and more like
constrained deformation within a structured semantic field. Concepts transform
into neighboring concepts through locally admissible operations while preserv-
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ing larger coherence relations; mathematical reasoning, metaphorical transfer,
narrative development, and scientific abstraction all exhibit this partially geomet-
ric structure.

Thepolynomial realization also demonstrateswhy local transformations alone
are insufficient to characterize global organization. The differential operators act
locally on individual monomials, but the representation exists as a globally con-
strained transformational space whose structure emerges from the compatibility
relations among all local operations simultaneously. A system may possess so-
phisticated local update rules while lacking globally coherent persistence struc-
ture: its outputs may be locally coherent while lacking the deeper persistence
relations that bind biological trajectories into temporally unified organizational
structures. The broader conclusion is therefore fully consistent with the central
thesis of this essay:

local inferential structure 6= global organizational coherence.

Lie theory becomes philosophically important here precisely because it formal-
izes how globally coherent structures emerge from recursively constrained local
transformations. Understanding the local generators alone is not enough. One
must understand the topology of the larger admissible manifold whose persis-
tence those generators collectively sustain.

6.8 StratifiedAdmissibility andSingularOrganizational
Boundaries

The treatment of A(t) as a smooth submanifold of X is an idealization adequate
for much of the preceding analysis but insufficient for a full account of organi-
zational pathology, attractor collapse, and identity transitions. In the generic bi-
ological case, the admissible trajectory space is not smoothly connected. It con-
tains singular boundaries, discontinuous phase transitions, and regions of quali-
tatively different organizational character separated by boundaries across which
trajectories cannot pass continuously. The appropriate mathematical structure is
therefore not a smooth manifold but a stratified space.

Definition 6.3. The stratified admissibility decomposition of the trajectory spaceX
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is a partition
A(t) =

∪
i

Si(t),

where each stratum Si(t) is a smooth submanifold of X and the closure of each stratum
is contained in the union of strata of equal or lower dimension. Strata are ordered by the
organizational coherence they support: higher strata correspond to richer organizational
modes and lower strata to more degenerate or constrained organizational conditions.

The stratification structure captures several phenomena that a smooth admis-
sibility manifold cannot adequately represent. First, it formalizes the existence of
qualitatively distinct organizational modeswithin a single organism: waking and
sleeping, focused and diffuse, stressed and regulated, creative and rigid. These
are not merely points on a continuum but distinct strata separated by transition
boundaries. An organism navigating from one stratum to another undergoes a
qualitative organizational transition that is not continuously deformable within
a single stratum.

A legitimate methodological concern is how stratum boundaries are detected
rather than stipulated post hoc. The framework proposes three empirical criteria
for distinguishing genuine stratum boundaries from steep but continuous gra-
dients. First, transitions across genuine stratum boundaries should exhibit hys-
teresis: the system follows different paths during descent and ascent, so that
the conditions required to exit a lower stratum differ from the conditions that
led to entering it. This asymmetry is absent from continuous gradient dynamics
where the same path can be traversed in both directions. Second, genuine stra-
tum boundaries produce discontinuous changes in trajectory accessibility: quali-
tatively different actions or cognitive operations become available or unavailable
after transition, not merely more or less probable. Third, recovery from genuine
stratum descent requires coordinatedmulti-constraint reorganization rather than
parametric adjustment of a single variable; if fine-tuning a single parameter re-
stores the prior organizational mode, the transition was a steep gradient, not a
stratum crossing. These criteria are operational rather than definitional, and they
admit degrees of evidence rather than yielding binary verdicts, but they give the
stratification hypothesis empirical purchase distinguishable frommere redescrip-
tion.

Second, stratification captures the asymmetry of organizational transitions.
Moving from a higher stratum to a lower one — from a richer organizational
mode to a more impoverished one — may be dynamically easy: perturbation,
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stress, resource depletion, or injury can all push an organism across a stratum
boundary toward a lower stratum. Moving in the reverse direction may require
sustained effort, external scaffolding, or favorable environmental conditions that
reorganize the boundary structure of A(t) itself. This asymmetry corresponds to
the empirical fact that degradation of organizational coherence is typically faster
and easier than its restoration.

Third, the singular boundaries between strata are precisely where organiza-
tional pathology concentrates. Depression, addiction, psychosis, and acute stress
responses are best understood not as displacements within a stratum but as tran-
sitions to lower strata — often accompanied by a collapse of the higher stratum’s
boundary structure that makes return difficult without external reorganization.
The attractor basin structure visible within each stratum becomes inaccessible
when the organism has crossed a stratum boundary downward, because the at-
tractors of higher strata may not exist as stable configurations within lower strata.

Proposition 6.4. In the stratified admissibility decomposition, organizational pathology
is characterized by involuntary descent through stratum boundaries, and recovery re-
quires the reconstruction of boundary conditions sufficient to support re-entry into higher
strata.

Proof. Let Sh(t) and Sl(t) be high and low strata respectively, with dimSh >

dimSl. A trajectory γ occupying Sh undergoes pathological descent when pertur-
bation forces γ across the boundary ∂Sh∩Sl. Within Sl, the dynamical structure is
impoverished: the attractor landscape of Sh is generically unavailable because the
boundary conditions that sustained those attractors are no longer satisfied. Re-
covery requires not merely local error correction — movement within Sl toward
its own attractors — but the reconstruction of the boundary structure ∂Sh, which
depends on conditions external to the trajectory’s current position in Sl. This re-
construction is generically harder than descent because it requires coordinated
reorganization of multiple coupled constraint relations rather than local gradient
descent on a loss surface.

The stratification framework also clarifies the structure of identity transitions
and developmental reorganization. Growth, maturation, creative breakthrough,
and therapeutic transformation are all, on this account, transitions to higher or
structurally richer strata: reorganizations that make new attractors, new trajec-
tory families, and neworganizationalmodes available thatwere inaccessible from
the prior stratum. These transitions are not merely quantitative improvements

53



but qualitative restructurings of the admissibility geometry. They require not
just movement within an existing stratum but alteration of the stratum boundary
structure, which is precisely what developmental programs, intensive learning,
and transformative experience accomplish. The stratified decomposition there-
fore provides a geometric account of growth that is genuinely structural rather
than merely descriptive: development is the progressive complexification of the
organism’s admissibility stratification.

The proposition’s claim that recovery requires reconstruction of boundary
conditions deserves elaboration, since the essay would otherwise be silent on
the specific mechanisms by which such reconstruction occurs. Three classes of
mechanism are relevant. The first is external scaffolding: the introduction of sta-
bilization operators from outside the organism’s current stratum that temporar-
ily maintain boundary conditions the organism cannot sustain internally. Ther-
apeutic relationships, institutional support, carefully structured environments,
and ritualized practices all function in this way — they hold boundary structure
open long enough for the organism’s own organizational dynamics to re-stabilize
within the higher stratum. The second is constraint reduction: the temporary re-
laxation of competing constraint pressures that have been consuming organiza-
tional resources needed for stratum maintenance. Rest, regulated nutrition, re-
moval from stressful environments, and the reduction of competing demands
all operate by freeing organizational capacity for boundary reconstruction. The
third is trajectory seeding: the introduction of a constrained generative seed —
a novel practice, a compelling narrative, a structured relationship, a disciplinary
framework — that acts as a high-coherence anchor around which the higher stra-
tum’s attractor landscape can begin to reconstitute. Each of these mechanisms
operates not by correcting local predictive errors within the lower stratum but by
reconstructing the global boundary conditions under which the higher stratum
becomes dynamically accessible. This is the precise sense in which recovery is
not error correction but organizational restructuring.

The connection to the Lie-theoretic discussion of the preceding sections is di-
rect. The weight-space decomposition V =

⊕
λ Vλ of an sl2 representation is itself

a stratification: each weight space Vλ is a stratum, and the operators E and F

generate admissible transitions between adjacent strata. The highest-weight con-
dition E · v0 = 0 and the annihilation condition F · vn = 0 mark the singular
boundaries of the representation: the strata beyond which no admissible transi-
tion exists. The finite-dimensionality of the representation corresponds, in orga-
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nizational terms, to the existence of both a ceiling and a floor on organizational
complexity — a bounded stratification within which the organism navigates.

6.9 Optimization, Admissibility, and the Structure of
Organizational Imperatives

The admissibility framework’s critique of prediction-error minimization can be
sharpened by making explicit what distinguishes admissibility-based organiza-
tion from optimization-based organization. This distinction is precise and carries
significant consequences for the theory of cognition and the design of artificial
systems.

Optimization in the relevant sense is the operation

γ∗ = argmin
γ∈X

E(γ),

where E : X → R is a scalar loss function and γ∗ is the trajectory that minimizes
it. The optimization imperative is to find the best trajectory in the unrestricted
space X : the trajectory with the lowest loss, wherever in X it may lie. This is the
structure underlying gradient descent, free-energy minimization, reinforcement
learning, and the vast majority of contemporary machine learning architectures.

Admissibility-based organization has a fundamentally different structure:

γ(t) ∈ A(t) for all t.

The admissibility imperative is not to minimize any scalar quantity but to remain
within a structured region of trajectory space. There is no loss function being
minimized; there is a constraint being maintained. The difference is not merely
technical. Maintaining a constraint is categorically different from minimizing a
loss because constraints are binary in a way that losses are not: a trajectory either
satisfies the constraint or it does not, and violation of a viability constraint does
not merely degrade performance but ends the organizational system entirely.

Proposition 6.5. The admissibility imperative γ(t) ∈ A(t) is not expressible as the min-
imization of any continuous scalar loss function E : X → R without fundamentally
distorting the structure of the constraint.

Proof. Suppose for contradiction that there exists a continuous E : X → R such
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that argminγ E(γ) ⊂ A(t) and such that E faithfully represents the admissibility
constraint in the sense that trajectories near ∂A(t) have highE values while trajec-
tories well withinA(t) have lowE values. For this to represent a genuine viability
constraint, E must be discontinuous across ∂A(t): trajectories insideA(t) remain
viable, while trajectories outside A(t) are organizationally extinct and have no
finite loss value in any meaningful sense. But a continuous E cannot be discon-
tinuous across ∂A(t). Therefore, any continuous loss function that approximates
the admissibility constraint must either smooth out the constraint boundary— al-
lowing trajectories outside A(t) to be treated as viable with high but finite cost —
or treat the boundary as a soft penalty, which removes the categorical character
of the constraint. Neither representation is faithful. The admissibility impera-
tive is therefore not expressible as the minimization of any continuous scalar loss
function without distorting its categorical structure.

This distinction has immediate consequences for the design of artificial sys-
tems aimed at genuine agency. Systems trained by loss minimization have opti-
mization as their fundamental organizational principle: they are built to find the
trajectory in X with the lowest loss, whether or not that trajectory respects any
deeper organizational constraint. Systems organized around admissibility have
persistence as their fundamental organizational principle: they are built to re-
main withinA(t) rather than to minimize any scalar. An admissibility-based sys-
tem can be worse at loss minimization than an optimization-based system while
being more genuinely agentive, because its trajectories are constrained to remain
within viable organizational space even when more accurate or higher-reward
trajectories would exit it.

This opposition should not be read as eliminative. The point is not that opti-
mization is useless or that prediction-errorminimization is never appropriate, but
that optimization is correctly understood as a local regulatory tool subordinated
to a global admissibility imperative rather than as the constitutive principle of
cognition. Within a given stratum Si(t), optimization over a well-defined loss sur-
face is a perfectly legitimate description of local dynamics. The error is to mistake
this local description for the global ontology of the cognitive system— to assume
that because local dynamics can be characterized as optimization, the global or-
ganizational imperative must therefore be optimization as well. The relationship
is hierarchical: admissibility governs which strata are accessible, and within any
given stratum, local optimization may accurately describe the microstructure of
regulatory dynamics. A unified account must preserve both the local validity of
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optimization and the global priority of admissibility, rather than collapsing either
into the other.

The distinction also clarifies a recurring tension in the alignment literature.
Alignment by loss minimization — training a system to minimize the discrep-
ancy between its outputs and human preferences — is an optimization opera-
tion. It locates the system’s trajectory at the point in X with minimal preference-
discrepancy loss, without any guarantee that this trajectory lies within a stable
organizational region compatible with human viability over time. Alignment as
shared admissibility maintenance is a different operation: it establishes a joint
admissible trajectory space Ashared(t) ⊂ Xhuman × Xsystem and requires that the
system’s trajectory remain within the shared admissible region. The two opera-
tions are not equivalent, and their divergence grows as the system’s capabilities
increase: a highly capable optimizer will find trajectories far outside the shared
admissible space if loss minimization does not penalize such trajectories suffi-
ciently, while a system genuinely organized around shared admissibility mainte-
nance would refuse such trajectories categorically.

6.10 Admissibility and Enactivism: A Distinction
Readers familiar with enactivist and embodied cognitive science may be inclined
to interpret the admissibility framework as a more formal presentation of posi-
tions already established in that tradition— as a mathematization of Varela, Noë,
or Gibson’s ecological approach. This reading, while understandable, misses
what is structurally distinctive about the present framework.

Enactivism, as developed by Varela, Thompson, and Rosch [13], argues that
cognition is constituted by the structural coupling between organism and envi-
ronment and is not reducible to internal representational states. It emphasizes au-
topoiesis, sensorimotor contingency, and the co-constitution of agent and world.
Gibson’s ecological psychology [3] locates perception in the direct pickup of af-
fordances from the optic array, bypassing inferential mediation. Both traditions
correctly reject the representationalist picture and both correctly insist on the em-
bodied, relational character of cognitive agency. The present essay has drawn on
both.

The admissibility framework, however, is not merely an endorsement of these
positions. It departs from standard enactivism in at least three respects. First,
where enactivism tends to characterize structural coupling in terms of sensori-
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motor contingency and phenomenological experience, the admissibility frame-
work centers a formal geometrical object — A(t) ⊂ X — and develops the conse-
quences of its topology. The framework is therefore more tractable to formaliza-
tion and more directly connected to mathematical tools such as dynamical sys-
tems theory, control-theoretic viability kernels, and persistence homology. Sec-
ond, where enactivism grounds its account primarily in embodiment and sen-
sorimotor engagement, the admissibility framework extends naturally to sym-
bolic, institutional, and multi-scale temporal structures through the stabilization-
operator account of the clipboard chapter. The same geometry that governs sen-
sorimotor admissibility governs the admissibility of conceptual trajectories, in-
stitutional trajectories, and civilizational trajectories, because the framework is
defined at the level of organizational topology rather than at the level of bodily
experience. Third, the sl2-style analysis of the preceding sections points toward
a program of understanding global organizational coherence through the inter-
action of local generators: a program that is compatible with but not derivable
from the enactivist tradition.

The question of howA(t) is empirically tractable is a legitimate challenge that
the present essay does not fully resolve. Several directions are available. Viabil-
ity kernels from control theory provide a formal analogue of admissible sets: the
viability kernel of a constrained dynamical system is the largest set of initial con-
ditions from which the system can remain within the constraint set indefinitely,
and algorithms exist for computing it in tractable cases [15]. Metabolic phase
boundaries and energetic viability surfaces define empirical admissibility bound-
aries in biological systems at the physiological level. Persistence homology, a tool
from topological data analysis, provides methods for identifying stable topolog-
ical features of organizational trajectories from time-series data without requir-
ing explicit models of the underlying dynamical system. Ecological affordance
graphs, following Gibson’s tradition, provide a discrete approximation to the ad-
missibility structure of an organism’s perceptual environment. None of these is a
complete implementation of the admissibility framework, but together they indi-
cate that the framework is not merely metaphysical: it points toward an empirical
research program whose formal tools are already partially available.
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Chapter 7

Artificial Intelligence and the Limits
of Prediction

7.1 Why LLMs Appear Intelligent
Large languagemodels present a genuine puzzle for the theory of cognition. They
exhibit behaviors that, under ordinary attributions, suggest understanding, rea-
soning, anticipation, and flexible response to novel situations. Yet they lack the
embodiment, metabolism, ecological embedding, and organizational persistence
that the present framework identifies as constitutive of genuine cognition. How
can systems that are, on the analysis offered here, sophisticated compression en-
gines appear to exhibit so many features of genuine intelligence?

The answer lies in a precise characterization of what LLMs actually do, and
why that is impressive without being the thing it appears to be. An LLM is a
system trained to approximate the conditional distribution of text continuations
given text prefixes: given a sequence of tokens, it generates a probability distribu-
tion over possible next tokens. Through this training, it learns an extraordinarily
rich compressed representation of the statistical regularities of human language
use. The richness of this representation accounts for the system’s apparent seman-
tic competence: because human language use encodes vast amounts of structured
information about the world, relationships, and reasoning patterns, a system that
accurately models those patterns will exhibit behaviors that mimic the output of
genuine understanding.

This is not a dismissal. The compression achieved by large-scale language
modeling is a genuine scientific achievement, and the apparent semantic com-
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petence it produces is a genuine phenomenon. The point is that symbolic con-
tinuation is not equivalent to organismic agency, and the distinction matters for
understanding what these systems can and cannot do.

LLMs are highly effective compression systems: they represent the statistical
structure of enormous symbolicmanifolds in a compact form that allows accurate
continuation and interpolation. They are sophisticated symbolic continuation en-
gines: they generate outputs that are locally coherent with their inputs and statis-
tically consistent with the distributions they were trained on. They are powerful
distributional stabilizers: they maintain coherence within the space of plausible
continuations even when inputs are ambiguous, incomplete, or novel. These are
remarkable capacities, and they produce outputs that are genuinely useful across
an enormous range of tasks.

But the intelligence they exhibit is structurally different from the intelligence
of an organism navigating an admissible trajectory space. The difference is not
merely one of capability or scale; it is a difference in organizational type. An
LLM does not maintain bodily continuity, negotiate metabolic constraints, pre-
serve the conditions of its own self-repair, or manage the dynamical coupling
with an ecological environment on which its continued functioning depends. It
optimizes correspondence— the correspondence between its outputs and the sta-
tistical distribution of its training data — rather than persistence. And as the pre-
ceding chapters have argued, correspondence and persistence are not the same
organizational imperative; they generate different kinds of systems, with differ-
ent strengths, different limitations, and different failure modes.

7.2 Prediction Without Persistence
The most important limitation of current AI systems, from the perspective of
the present framework, is not their failure to achieve human-level performance
on specific benchmarks but their structural incapacity for organizational persis-
tence. An LLM does not have an admissible trajectory space in the biological
sense because it has no organizational integrity to preserve. Its outputs are not
constrained by metabolic viability, ecological embedding, or the requirement to
maintain the conditions of its own continued functioning. It can generate outputs
that are locally coherent without the outputs being globally consistent with any
organizational imperative beyond the statistical regularities of its training distri-
bution.
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This structural incapacity explains several features of current AI systems that
are often treated as contingent engineering problems rather than principled limi-
tations. The fragility of current systems under distribution shift — their tendency
to fail badly when their inputs differ significantly from their training distribution
— is not merely a consequence of insufficient training data but a consequence of
the fact that the systems have no organizational coherence to fall back on when
the familiar statistical patterns are absent. An organism navigating an unfamiliar
environment is doing something fundamentally different from an LLM process-
ing an out-of-distribution input: the organism is managing its interface with an
unfamiliar environment while maintaining its organizational integrity; the LLM
is extrapolating from a statistical model that may not apply.

The contrast can be stated as a pair of inequalities:

Continuation 6= Agency

and
Statistical coherence 6= Organizational integrity.

Current AI systems achieve continuation and statistical coherence to an im-
pressive degree. They lack agency and organizational integrity in the senses de-
fined in this essay. Whether this is a fundamental limitation or a contingent en-
gineering problem is a question that cannot be answered on a priori grounds; it
depends onwhether the organizational properties that constitute genuine agency
are achievable through the kind of statistical learning that current systems em-
ploy, or whether they require different organizational principles altogether.

The present framework suggests that the latter is the case. Genuine agency,
as defined here, requires the maintenance of a stable admissible trajectory space
under environmental perturbation, which in turn requires some form of orga-
nizational persistence: a substrate that has constraints to maintain, that can be
disrupted by violations of those constraints, and that has resources for recover-
ing from perturbation. Statistical learning systems that optimize correspondence
rather than persistence lack these organizational properties by design. They can
approximate the outputs of agentive systems, and this approximation can be ex-
traordinarily accurate, but approximation is not implementation.
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7.3 Toward Ecological Artificial Systems
What would an artificial system look like that instantiated genuine agency in the
sense defined here? This is not primarily a question about computational architec-
ture but about organizational principles. The framework developed in this essay
suggests several requirements that any such system would need to satisfy.

First, constraint preservation. The system would need to have genuine orga-
nizational constraints — structural conditions on its operation whose violation
disrupts its functioning — not merely optimization objectives whose violation
degrades its performance. A constraint in the relevant sense is a condition that
the system must maintain in order to continue operating, not merely a condition
that it is rewarded for maintaining. The difference is the difference between a
metabolic requirement and an objective function: the former admits of no trade-
off, the latter is always balanced against other objectives.

Second, dynamical embodiment. The system would need to be embedded in
a physical environment with which it maintains ongoing dynamical coupling: its
internal dynamics would need to be shaped by environmental structure in ways
that are notmediated by explicit inference over stored representations. This is not
merely a requirement for physical instantiation but a requirement for the kind of
anticipatory entrainment that characterizes biological cognition.

Third, admissibility navigation. The system would need to navigate a struc-
tured admissible trajectory space in ways that preserve organizational integrity
rather than merely optimizing an objective function. This requires that the sys-
tem’s action-generation architecture be organized around the management of ad-
missibility constraints rather than the maximization of a reward signal.

Fourth, multi-scale ecological coupling. The system would need to maintain
organizational coherence across multiple temporal and spatial scales simultane-
ously: it would need to be coupled to its environment at the scale of immediate
sensorimotor interaction, at the scale of longer-term planning and organization,
and at the scale of the ecological niche within which it is embedded. These cou-
plings would need to be mutually consistent and jointly maintained, rather than
optimized independently.

These requirements are demanding, and it is not obvious that they can be sat-
isfied by any architecture within the current AI paradigm. But they point toward
a research agenda that goes beyond the scaling of prediction systems toward a
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more fundamental reconceptualization of what artificial intelligence is for. If the
goal is to build systems that are genuinely agentive in the sense defined here,
rather than systems that produce impressive approximations of agentive behav-
ior, then prediction-error minimization is not sufficient, and the organizational
principles of biological cognition provide a more appropriate target.

7.4 A Comparative Summary of the Two Frameworks
The argument developed across this essay can be consolidated by articulating the
two frameworks along five dimensions of contrast. The purpose is not to replace
the preceding analysis with a schema but to make the structural differences per-
spicuous in a form that facilitates precise disagreement.

The first dimension is the primary imperative. Prediction-error frameworks
hold that the organism’s fundamental organizational aim is correspondence: the
maintenance of an internal generative model that accurately anticipates sensory
input and minimizes the discrepancy between prediction and observation. The
admissibility framework holds that the organism’s fundamental organizational
aim is persistence: the maintenance of the dynamical conditions necessary for
continued existence as a viable organized system. Correspondence-seeking and
persistence-seeking overlap in favorable environments, but they are not identi-
cal operations and they diverge under pressure. When correspondence-seeking
would require trajectories that exitA(t), the organismprioritizes persistence; when
persistence requires tolerating predictive inaccuracy, the organism tolerates it.
The empirical prevalence of motivated reasoning, perceptual constancy effects,
and the stabilization of functional states under sensory deprivation all reflect the
priority of persistence over correspondence.

The seconddimension ismathematical structure. Prediction-error frameworks
are optimization frameworks: they characterize cognition as the minimization of
a scalar loss function over a trajectory space, with free energy, prediction error, or
reward discrepancy serving as the quantity to be minimized. The admissibility
framework is a constraint-navigation framework: it characterizes cognition as the
maintenance of a trajectory within a structured admissible region, with the con-
straint being categorical rather than scalar. As established in Proposition 6.5, the
admissibility imperative cannot be faithfully expressed as a continuous loss min-
imization without distorting the categorical character of the viability boundary.
The two mathematical structures generate different failure modes: optimization
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systems fail by finding minima outside the viable region, while admissibility sys-
tems fail by stratum descent below the boundary of their current organizational
stratum.

The thirddimension concerns the organism-environment relationship. Prediction-
error frameworks characterize the organism’s relationship to its environment pri-
marily in terms of inference: the organism maintains an internal model of envi-
ronmental structure and updates it through Bayesian inference on prediction er-
rors. The admissibility framework characterizes the organism’s relationship to its
environment primarily in terms of entrainment and interface management: the
organism’s internal dynamics are physically coupled to environmental structure
in ways that produce adaptive reorganization without requiring explicit infer-
ence over storedmodels, and cognition is the ongoing regulation of the organism-
environment interface ∂O(t) rather than the updating of an internal model.

The fourth dimension is the relationship between local and global structure.
Prediction-error frameworks treat local inference as constitutive of global cog-
nition: the organism’s cognitive organization is identified with its local predic-
tive machinery, and global behavior is the aggregate output of local inferential
operations. The admissibility framework treats local operations as tangent ap-
proximations to a global organizational manifold: local predictive operators Pt :

TxX → Tx+δX are regulatory tools subordinated to the global admissibility struc-
ture A(t) ⊂ X , and understanding the local operators does not determine the
global topology any more than knowing the tangent bundle of a manifold deter-
mines its global topological type.

The fifth dimension is the account of organizational states and transitions.
Prediction-error frameworks treat the organism’s state space as a continuous loss
surface over which gradient-based dynamics operate; different states differ quan-
titatively in their loss values. The admissibility framework treats the organism’s
state space as a stratified space with qualitatively distinct organizational strata
separated by singular boundaries; different strata differ in the organizationalmodes
they support and the attractors they make available. Pathological transitions are
stratum descents that require boundary reconstruction for recovery, not local er-
ror corrections that move the organism toward a better point on a continuous loss
surface.

These five contrasts together constitute what the reviewer of an earlier draft
correctly characterized as a difference of ontological substrate rather than a dif-
ference of theoretical emphasis. The admissibility framework is not a refinement
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of prediction-error frameworks but a replacement of their underlying ontological
commitments— a replacement that preserves their local validity while relocating
them within a more adequate account of the global organizational imperative of
living systems.
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Conclusion

This essay has argued that cognition cannot be reduced to prediction-error min-
imization, that compression is not equivalent to organization, and that the dom-
inant computational and predictive frameworks in neuroscience and artificial in-
telligence have systematically inflated the scope of their formalisms beyondwhat
the formalisms can legitimately support. The reification error — the inference
from the effectiveness of a mathematical description to the conclusion that the de-
scribed system literally implements the description’s structures — has produced
a neuroscience that is substantially an autobiography of its own methodology,
and an AI discourse that mistakes sophisticated statistical approximation for gen-
uine intelligence.

The alternative framework developed here centers on three related reconcep-
tualizations. First, the shift from prediction to admissibility: cognition is not pri-
marily the minimization of discrepancy between predictions and observations
but the navigation of a structured admissible trajectory space in ways that pre-
serve organizational integrity. The organism’s central problem is not epistemic
— it is not primarily trying to construct an accurate world-model — but orga-
nizational: it is trying to remain within the region of trajectory-space in which
continued existence as an organized system is possible.

Second, the shift from storage to stabilization: memory and symbolic cogni-
tion are not primarily storage-and-retrieval operations but organizational stabi-
lization processes. The structures that cognitive systems produce— essays, notes,
proofs, rituals, institutions, narratives— function as topological anchors that pre-
serve the availability of organizational trajectories across temporal gaps and per-
turbations. They are not representations of content but constraints on possibility:
they carve out and preserve regions of the admissible trajectory space.

Third, the shift from logic to topology: the fundamental structure of cogni-
tion is not truth-functional computation but coherence-preserving deformation
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within an admissible organizational space. Cognition is the management of the
organism-environment interface inways thatmaintain topological coherence across
dynamic transformations. It is not primarily a propositional operation but a geo-
metrical one.

These three shifts can be summarized in three pairs of inequalities, which col-
lect the essay’s central claims:

Representation −→ Organization

Computation −→ Constraint Navigation

Prediction −→ Persistence

The arrows here do not indicate logical entailment but conceptual progression:
the terms on the right are not eliminations of the terms on the left but reconceptu-
alizations that preserve what is genuine in the original terms while locating them
within amore adequate organizational framework. Organisms predict, represent,
and compute. But they do so as subordinate operations within amore fundamen-
tal organizational imperative: themaintenance of coherent admissible trajectories
within dynamically evolving ecological fields.

This conclusion is not a refutation of computational neuroscience or artificial
intelligence but a challenge to their self-understanding. The formalisms of pre-
diction error, free energy minimization, and information processing are genuine
tools with genuine scope. The challenge is to understand that scope accurately:
to recognize what these formalisms capture and what they systematically miss,
and to develop theoretical frameworks adequate to the full complexity of the phe-
nomena they aspire to explain.

The line that perhaps best captures what remains missing from the dominant
frameworks comes from Brette’s argument: the real challenge is to explain con-
stancy in a world where nothing remains static. This is the challenge that the ad-
missibility framework attempts to meet. Not the challenge of accurate prediction,
not the challenge of optimal compression, not the challenge ofminimal surprise—
but the challenge of remaining the same kind of thing, in the same kind of world,
under the continuous pressure of an environment that is never perfectly accom-
modating and never entirely alien. That is the problem of living intelligence, and
it is not yet the problem that our most sophisticated artificial systems have been
built to solve.
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Appendix A

Variational Geometry of Admissible
Trajectories

The admissibility frameworkdeveloped in themain text can be formalized through
a constrained variational geometry in which viable cognitive organization is rep-
resentednot by optimization over arbitrary trajectories but bypersistence-preserving
flow within a restricted manifold.

Let X denote the full ecological trajectory manifold of the organism and let
A(t) ⊂ X denote the admissible region at time t. A trajectory γ : [0, T ] → X is
admissible if and only if γ(t) ∈ A(t) for all t ∈ [0, T ].

Rather than defining cognition through minimization of a scalar loss func-
tional, we define organizational persistence through the constrained action

S[γ] =
∫ T

0

L(γ(t), γ̇(t), t) dt

subject to the viability condition Φ(γ(t), t) ≥ 0, where

Φ : X × R → R

defines the admissibility boundary. The admissible trajectory problem therefore
becomes δS = 0 subject to γ(t) ∈ A(t).

Unlike unconstrained optimization systems, admissible systems exhibit sin-
gular boundary behavior. The Euler–Lagrange equations

d

dt

(
∂L

∂γ̇

)
− ∂L

∂γ
= 0
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hold only within the interior Int(A(t)). At the admissibility boundary ∂A(t), ad-
ditional geometric conditions emerge:

〈γ̇, ∇Φ〉 ≥ 0.

This inequality states that viable trajectories cannot possess velocity vectors di-
rected outward through the admissibility boundary. Biological cognition is there-
fore not free optimization but constrained geodesic navigationwithin a time-dependent
viability geometry.

One may define the admissibility metric tensor gij(x, t) such that distances
correspond not to Euclidean separation but to transition difficulty between orga-
nizational states. The induced line element becomes

ds2 = gij(x, t) dx
idxj.

Near pathological regions, the metric becomes highly anisotropic,

λmax(g) � λmin(g),

producing elongated attractor valleys and constrained mobility through trajec-
tory space. Depression, addiction, and rigidity can therefore be modeled as cur-
vature singularities in the admissibility metric itself.

The Ricci scalar R(x, t) then acquires organizational interpretation: positive
curvature corresponds to compressive attractor concentration, while negative cur-
vature corresponds to expansive exploratory freedom. Accordingly, R(x, t) →
+∞ corresponds to pathological trajectory collapse, whereas R(x, t) � 0 corre-
sponds to excessive organizational diffusion and loss of coherence. The organ-
ism’s task is therefore neither maximal compression normaximal exploration but
bounded curvature maintenance within a navigable admissibility geometry.
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Appendix B

Categorical Structure of
Organizational Persistence

The admissibility framework admits a natural categorical interpretation in which
organizational systems are represented as objects preserving coherence under
constraint-preserving morphisms.

Let Adm be the category whose objects are admissibility structures Ai and
whose morphisms f : Ai → Aj preserve organizational viability: f(γ) ∈ Aj for
all γ ∈ Ai. Amorphism is therefore notmerely a transformation but a persistence-
preserving organizational transport operation. Composition satisfies (g ◦f)(γ) =
g(f(γ)), and preservation of admissibility implies g ◦ f : Ai → Ak.

The central distinction between predictive systems and persistence systems
becomes categorical. Prediction systems optimize over state descriptions, P :

X → M . Persistence systems preserve admissible structure, F : Adm → Adm.
Cognition is therefore not fundamentally representational but functorial.

A stabilization operator of the kind discussed in Chapter 5 becomes a functor
S : Adm → Admpreserving coherence across temporal discontinuities. An essay,
proof, or institution acts as a coherence-preserving transportmechanism between
admissible regions: S(Ui) ∼= Uj . Identity itself becomes a recursively stabilized
endofunctor I : Adm → Adm satisfying I◦I ' I . Selfhood therefore corresponds
not to substance persistence but to recursive constraint-preserving self-mapping.

The pathological breakdown of selfhood can be expressed as functorial fail-
ure: It+1 6' It, meaning the system can no longer transport its organizational
coherence through time. This categorical formulation clarifies why symbolic sys-
tems scale cognition. Language, mathematics, institutions, and rituals preserve
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not information but morphism stability: they preserve the existence of admissi-
ble transformations between organizational regions. Civilization itself may be in-
terpreted as a distributed higher-order sheaf of stabilization functors preserving
coherence across temporally separated agents.
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Appendix C

Spectral Decomposition of Cognitive
Organization

The topology of admissibility can be analyzed spectrally through operators acting
over organizational manifolds.

Let H = L2(X) be the Hilbert space of organizational states over the trajec-
tory manifold X . Define the admissibility operator Â acting on state functions
ψ(x, t) such that Âψ = λψ. Eigenfunctions correspond to dynamically stable or-
ganizational modes, while eigenvalues correspond to persistence stability. Large
positive eigenvalues correspond to highly coherent attractor structures (λi � 0),
while negative eigenvalues correspond to unstable or decaying organizational
modes (λi < 0).

The full organizational state decomposes spectrally:

ψ(x, t) =
∑
i

ci(t)ψi(x).

Cognition is therefore not a point-state process but a dynamically evolving spec-
tral superposition of organizational modes. The temporal coefficients ci(t) repre-
sent varying activation strengths of persistence structures across time. Healthy
cognition corresponds to bounded spectral coherence,∑

i

|ci(t)|2 <∞,

together with stability of dominant organizational modes. Pathology emerges
when spectral concentration collapses excessively, |ck(t)| → 1 for a narrow patho-
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logicalmode, orwhen coherence fragments chaotically across incompatiblemodes,∑
i |ci(t)|2 → ∞.

This interpretation connects naturally to dynamical systems theory. TheLaplace–
Beltrami operator∆g over the admissibility manifold generates diffusion dynam-
ics:

∂ψ

∂t
= ∆gψ − V (x)ψ,

where V (x) acts as an organizational potential landscape. Stable cognitive iden-
tities correspond to metastable spectral basins: localized eigenmodes resistant to
perturbation.

The spectral interpretation also clarifies the LLM situation developed in Chap-
ter 7. Large language models approximate projections of the dominant symbolic
eigenmodes of human cultural manifolds:

ψLLM ≈ Π(ψhuman).

But projection onto dominant symbolic modes is not equivalent to maintaining
the admissibility geometry generating those modes originally. The distinction
between symbolic continuation and genuine agency is therefore the distinction
between approximating eigenfunctions of a persistence manifold and maintain-
ing the manifold itself:

spectral approximation 6= organizational persistence.
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