Transformation Before Representation:
A Compositional Operator Basis for Cognition,

Gesture, and Narrative

Flyxion

February 14, 2026

Abstract

This essay develops a transformation-first ontology of cognition grounded
in the notion of a compositional operator basis. Drawing inspiration from
visual complex analysis, particularly the geometric interpretation of complex
multiplication as rotation and scaling, we generalize the idea of generator-
based composition beyond calculus into domains of motor control, narrative
construction, semantic embedding, and interface design. We argue that complex
behavior becomes tractable when expressed not as static representations but as
compositions of primitive transformations invoked hierarchically and internalized
through repeated traversal of a configuration manifold.

Examples are drawn from gestural control in tool use, hierarchical hotkey
grammars for narrative manipulation, latent space navigation in word embed-
dings, and cascades of complex-plane transformations as universal approximators.
Across these domains, a common structural architecture emerges: a configuration
space endowed with local generators, compositional chaining, and hierarchical
invocation. This architecture unifies embodied cognition, semantic traversal,
and generative narrative systems under a single operator-theoretic framework.



Introduction

In visual complex analysis, multiplication by a complex number is not introduced as
algebraic symbol manipulation but as a geometric action on the plane. Multiplication
by re? becomes a rotation by 6 combined with a scaling by r. The emphasis shifts from
representation to transformation. A function f(z) ceases to be merely an expression
and becomes a deformation of space. Composition of functions becomes sequential

motion: one transformation acting upon the result of another.

This geometric recasting, most notably articulated in the visual tradition of complex
analysis, reveals a deeper structural principle. A sufficiently expressive set of primitive
transformations can generate arbitrarily complex global behavior through composition.
The local derivative encodes the infinitesimal generator of deformation, while global
structure emerges from repeated application.

The central claim of this essay is that this transformation-first perspective generalizes
far beyond calculus. Cognition, motor control, narrative construction, semantic
embedding navigation, and interface design can all be understood as compositional

traversal of a configuration manifold using a small basis of primitive operators.

Rather than storing or manipulating static representations, cognitive systems operate
by chaining generators. Gesture becomes composition of motor primitives. Narrative
becomes composition of trope and structural operators. Semantic search becomes vec-
tor displacement within embedding space. Tool use becomes sequential transformation

of object orientation, force, and constraint alignment.

Once expressed in this way, these domains exhibit a common architecture. There exists
a configuration space, potentially high-dimensional, within which local transformations
act as generators. These generators are invoked hierarchically, composed sequentially,
and internalized through repetition until traversal becomes intuitive.

The remainder of this essay develops this operator-based framework formally and then
applies it across domains, demonstrating that a compositional operator basis provides

a unifying account of gesture, narrative, semantic traversal, and generative modeling.



I. Compositional Operator Bases and Configuration
Manifolds

Let M denote a configuration manifold. A point x € M represents a complete state
of some system. The system may be a physical body in posture space, a narrative at
a particular structural moment, a semantic embedding vector, or a generative models
latent state. The manifold may be finite-dimensional or effectively infinite-dimensional,
smooth or discrete, continuous or combinatorial. The formal structure we require is

minimal: the existence of local transformations acting on states.

An operator is a map

O: M- M.

A compositional operator basis is a finite or countable set of primitive operators
{O1,...,0}

such that arbitrary reachable configurations in M can be approximated by composi-
tions
O; 000,

In the smooth setting, one may regard each primitive operator as the time-e flow of a
vector field X; on M. The generators X; span a distribution in the tangent bundle 7' M.
Under suitable controllability conditions, compositions of their flows approximate
arbitrary trajectories within the reachable set. This is the geometric content behind
many universal approximation results: local generators, when composed sufficiently,
produce global expressivity.

The key shift is that complexity is not stored in the operators individually. It emerges
from chaining. A small basis suffices if composition is expressive.

Hierarchical Invocation

In practice, operators are not invoked as flat sequences but through hierarchical
triggers. A trigger is a symbolic instruction that selects a subset of operators or
reconfigures the operator context. Let 7 denote a trigger grammar. A trigger t € T
maps to a family of operators

t— {Ot,17 ce 7Ot7m}-



Hierarchical triggers allow for context-sensitive invocation. One may first enter a
structural mode, then select a subtype, then apply an intensity modifier. Formally,
this defines a nested partitioning of the operator basis into sub-bases. The hierarchy
reduces cognitive load while preserving expressive power.

In group-theoretic language, we may regard triggers as selecting subalgebras within
a larger operator algebra. Composition remains the underlying mechanism, but
invocation becomes structured and mnemonic.

Learning Through Repetition

The geometry of M becomes intuitive only through repeated traversal. Initially,
each operator application requires explicit deliberation. With repetition, sequences of
operators are chunked into higher-level composites.

Let Oy = O;, 0---0O;, denote a frequently used composite. Over time, O, becomes
a new primitive in the agents internal basis. The operator algebra enlarges through
practice.

This process resembles Lie closure. A small generating set, through composition
and commutation, spans a larger expressive algebra. Human skill acquisition mirrors
this. The pianist does not consciously invoke individual muscle contractions. The
carpenter does not compute individual torque vectors. Composite gestures become
atomic through repetition.

Thus, a compositional operator basis is not static. It evolves as repeated compositions

are reified into new primitives.

Generalizability Across Domains

The formal structure does not depend on the nature of M. Whether M is a motor
configuration space, a semantic embedding space, or a narrative trope manifold, the

same architecture applies.

There exists a space of states. There exists a set of primitive transformations. These
transformations compose. Hierarchical triggers organize invocation. Repetition inter-

nalizes structure.

In what follows, we examine how this structure appears in embodied cognition,

narrative manipulation, semantic traversal, and complex-plane cascades.



II. Mimetic Proxy Theory and State-Dependent Re-

trieval

Consider an agent embedded in an environment £ and coupled to an internal con-
figuration manifold M. Classical representational models posit an explicit internal

encoding
d:8— R,

where R is a representation space containing stored coordinates, symbolic indices, or
map-like structures. Retrieval, in this framework, becomes a search over R followed
by a decoding procedure back into action.

Mimetic proxy theory rejects the necessity of such an internal ledger. Instead of
storing symbolic locations, the agent internalizes a compositional operator basis that
moves its current state toward affordance-rich regions of £. What appears as memory
is not the recall of coordinates but the reactivation of operator configurations that
reliably couple internal state to environmental structure. Retrieval is therefore not
inversion of a stored map; it is re-entry into a dynamical regime previously enacted.

Let S denote a SEEKING operator acting on the joint manifold M x &,
S MxE—-TM,

which induces motion along gradients of environmental salience. This operator is not
specific to caching or retrieval; rather, it is a continuous exploratory dynamic whose
trajectory depends on internal boundary conditions.

The squirrel example makes the architecture concrete. During caching, the squirrel
occupies a metabolic state xg € M while holding a seed. The SEEKING operator
S is applied under this condition, and environmental features such as soil softness,
root cover, and micro-topography define attractor basins in £. Let U : £ — R encode
concealment affordance. Caching behavior approximates descent along VU until a

local minimum suitable for concealment is reached.

When hunger arises, the internal state shifts via a hunger operator

producing Thungy € M. Crucially, the SEEKING operator S remains structurally
unchanged. What changes is the weighting of environmental cues under the new
metabolic boundary condition. Let U’ denote a hunger-weighted salience field. Because



U’ is highly correlated with U, the same environmental basins that defined optimal

hiding sites now define probable retrieval sites.

The squirrel does not invert a stored map. It re-enters the same structural attractors
because hiding and finding are parameterizations of a single operator family. Seeking
while holding a seed and seeking while lacking a seed differ only in internal coefficients,
not in computational architecture. The attractor is not my seed, but seed-like hiding
basin. This explains why squirrels retrieve seeds hidden by other animals: the operator

converges on environmental invariants rather than indexed memories.

Formally, let A : £ — T M represent the affordance field mapping environmental

structure to motor tendencies. The coupled dynamics may be expressed as
Ti1 = F(xy, e0),

€41 = G(eta $t+1)7

with z; € M and e; € £. The pair evolves under reciprocal constraint. Retrieval
emerges as a trajectory in M x & that re-enters previously stabilized environmental
minima. Memory is thus a property of state-dependent dynamics in a persistently

structured world.

Attractors, Coupling, and Operator Persistence

Environmental structure persists across time. Local minima of U remain stable unless
perturbed. Repeated traversal sculpts a tight coupling between M and £ such that
specific internal configurations reliably converge toward specific environmental basins.
The world itself functions as a distributed memory substrate. No explicit symbolic
index {p;} is required.

This account generalizes beyond animal foraging. In human tool use, the agent does
not maintain a database of every prior hammer strike. Instead, repeated gestural
cascades compress into higher-order operators that converge toward stable affordance
geometries such as perpendicular force application or grip stabilization. The same
operator family governs both initial learning and later execution.

In semantic navigation, trope selection does not require enumerating stored narrative
combinations. A learned operator basis moves a current semantic state toward familiar
structural basins such as betrayal arcs or revelation points. Exploration of word
embedding spaces proceeds similarly: the agent learns gradient structure rather
than memorizing coordinates, and repeated traversal renders arbitrary latent spaces



increasingly intuitive.

Proxy Representations as Operator Compressions

Mimetic proxies arise when frequently enacted trajectories in M become compressed
into compositional operators. Representation is displaced from stored symbols into
transformation structure. What is retained is not a static map but a capacity to
regenerate trajectories that converge on structured environmental regions under

appropriate state conditions.

In this sense, memory is not a database but a dynamical capacity. Retrieval is descent
through correlated fields under altered metabolic parameters. Caching and finding
collapse into SEEKING. Tool manipulation collapses into affordance convergence.
Narrative selection collapses into semantic basin entry. Across domains, cognition is
unified by a compositional operator basis invoked under state-dependent boundary
conditions.

Mimetic proxy theory therefore integrates naturally into the broader operator frame-
work. The agent need not store the world internally; it must only internalize the

operators sufficient to re-engage its persistent structure.

II1I. Compositional Operator Bases and Hierarchical

Invocation

The preceding analysis suggests that cognition is grounded not in stored symbolic
inventories but in a basis of operators that can be composed, parameterized, and
re-invoked under shifting boundary conditions. Let {O;}¥, denote a finite operator
basis acting on M. Each O; is not a complete behavior but a primitive transformation
on internal configuration space, analogous to a vector field generating flow.

Complex behavior arises through composition. For a sequence o = (iy, s, ..., i),
define the composed operator

O, =0;,0---00;,00,,.

i
Hierarchical triggers select such sequences, either through metabolic modulation,
environmental cues, or symbolic invocation. In biological systems, these triggers are

often subcortical and state-dependent. In linguistic or computational systems, they



may be explicit hotstrings or nested keystrokes. The architecture remains structurally

similar: a compact symbolic or physiological cue activates a cascade of transformations.

This compositional structure admits a useful analogy with basis expansions in complex
analysis. Just as holomorphic functions can be expressed as convergent series in a
chosen basis, behavioral and semantic trajectories may be expressed as compositions
drawn from a learned operator family. The agent does not memorize every possi-
ble trajectory; it learns generators sufficient to approximate the space of relevant

transformations.

Hierarchical Triggers and State Compression

Hierarchical invocation provides compression. Let H denote a trigger hierarchy,
modeled as a tree whose nodes correspond to increasingly specific operator compositions.
A high-level trigger 7, may activate a coarse operator Ogeex, While refinement via 7
selects a sub-operator Ogeerfood, and further refinement 73 specifies context such as

time-of-day or terrain. Formally, we may write

07'17'27'3 = 07'3 o OTZ o OTl .

This nested structure resembles modal editing environments in which a prefix key
opens a command space, and subsequent keys refine selection. The architecture is
not incidental; it mirrors the way operator composition reduces search complexity.
Rather than scanning an entire behavioral repertoire, the agent navigates a branching
manifold whose geometry has been internalized through repetition.

Repetition induces operator consolidation. Frequently co-activated compositions
become compressed into single higher-order operators. Let O, and Og be commonly
sequenced. Over time, the composition Ogo O, may be re-encoded as a new primitive
O, reducing invocation depth. This is precisely the mechanism by which complex

tool gestures become fluid, or multi-step hotstring expansions become reflexive.

Latent Space Traversal and Embedding Navigation

When cognition is viewed through embedding geometry, the operator basis acts on a
latent space £ C R?. Words, tropes, gestures, or visual motifs correspond to points or
regions in L. Traversal through this space is generated by vector-like transformations

induced by operators.



Let z € L represent the current semantic or gestural configuration. An operator O;
induces a displacement

2 =z+v+e,

where v; is a characteristic direction and € encodes context-dependent modulation.
Compositions of operators produce chained displacements, approximating arbitrary
paths through L.

Force-directed embedding navigation makes this structure perceptible. In such visual-
izations, proximity encodes similarity, and traversal corresponds to semantic movement.
Intuition arises not from explicit enumeration of coordinates but from repeated move-
ment along gradients. What initially appears arbitrary becomes navigable through
embodied repetition. The agent internalizes the geometry by enacting flows within it.

Amplitwist Cascades and Complex Transformations

The same compositional logic extends to continuous transformation spaces such as
the complex plane. Consider a configuration w € C representing a feature embedding.
An amplitwist operator may be modeled as

Aga(w) = e,

combining rotation and scaling. Cascades of such operators generate rich dynamical
behavior. Given a sequence { (0, Ar)}7i_;, the composite transformation

n
W, = (H Ake’9k> Wo
k=1

can approximate complex mappings under suitable parameterization.

If a sufficiently expressive operator family is available, compositions approximate
arbitrary continuous transformations within a bounded region. The principle mirrors
universal approximation theorems: expressive power emerges from composition rather
than from monolithic primitives. The same structural insight applies to gesture,
language, and trope selection. Twisting and zooming the complex plane is not merely
a mathematical curiosity; it exemplifies how simple generators, hierarchically invoked,

can approximate intricate dynamics.



Cross-Domain Generalization

What unifies these domains is not content but architecture. Mimetic proxy theory
describes how environmental coupling replaces symbolic storage. Hotstring pipelines
illustrate how nested triggers compress compositional sequences. Latent embedding
traversal shows how repeated navigation renders abstract spaces intuitive. Amplitwist
cascades demonstrate that a small operator basis can approximate complex transfor-
mations. Force-based navigation reveals that geometry becomes intelligible through

enacted movement.

Across these domains, cognition is best modeled as the iterative application of a
compositional operator basis under hierarchical control. Retrieval, creativity, and
motor skill are not separate faculties but variations of the same dynamical principle.
The agent does not carry an exhaustive map of possibilities. It carries generators

sufficient to re-enter structured regions of state space when triggered.

IV. Learning Through Repetition and the Emer-

gence of Intuition

The final component of the framework concerns learning. Let P denote a probability
distribution over operator sequences encountered during experience. Repetition alters
P, increasing the likelihood that certain compositions become consolidated into
primitives. Formally, one may model consolidation as a reduction in description length.
If the Kolmogorov complexity of a frequently enacted sequence decreases through
internal compression, it becomes a single callable unit.

Intuition is then the phenomenological correlate of compressed operator structure.
What once required explicit deliberation becomes a direct invocation. In latent space
navigation, early traversal demands conscious search; later, vector directions are felt
as immediate tendencies. In tool use, early movements are segmented and effortful;
later, cascades flow as unified gestures. In narrative manipulation, trope combinations
initially require explicit enumeration; later, structural basins are recognized and

entered fluidly.

Thus, arbitrary latent spaces become intuitive not because their dimensionality de-
creases, but because the operator basis aligning internal dynamics with external
geometry has been refined. The world remains high-dimensional. The agents capacity
to traverse it has been compressed.

10



This completes the structural unification. A compositional operator basis, hierarchi-
cally invoked, learned through repetition, and capable of cross-domain generalization,
accounts for mimetic proxies, embedding navigation, complex-plane cascades, and
gestural control. Memory becomes re-entry, creativity becomes vector composition,
and cognition becomes structured flow through coupled manifolds.

IV. Embodied Mode Switching and Hierarchical Op-

erator Invocation

The preceding sections have framed cognition as the invocation of a compositional
operator basis under state-dependent conditions. We now extend this account to
embodied mode switching, demonstrating how physical rituals, environmental context,
and hierarchical triggers serve as projection mechanisms within the same dynamical

framework.

The common pedagogical metaphor of putting on a hat to adopt a thinking mode
captures only the surface of a deeper structural phenomenon. In practice, cognitive
regimes are often stabilized by embodied transitions: moving to a different desk,
wearing specific glasses, entering a workshop zone, donning a hard hat, or assuming a
particular posture. These transitions are not symbolic decorations. They function as
state-selective triggers that reweight operator families.

In grading mode, posture narrows, temporal pacing shifts, perceptual sensitivity to
error increases, and generative operators are suppressed. In brainstorming mode,
inhibition thresholds decrease, novelty operators gain amplitude, and associative
spread widens. In construction practice, framing mode privileges coarse structural
operators and load-path reasoning, while finishing mode privileges fine-resolution
alignment operators and aesthetic calibration. Demolition mode shifts risk tolerance
and activates destructive motor cascades. The body, tools, and spatial context serve
as part of the operator invocation system.

The central claim is that these are not distinct programs but distinct projections
of a shared operator algebra. Mode switching is a transition between constrained
submanifolds of a single configuration manifold. The rituals associated with such

switching stabilize the projection and reduce switching cost through repetition.

This embodied projection mechanism unifies several earlier themes. In mimetic
proxy theory, the agent re-enters structured environmental basins not through stored
coordinates but through state-dependent operator invocation. In hotstring pipelines,

11



short symbolic triggers expand into cascades because the operator composition has
been compressed through repetition. In latent space traversal, small vector nudges
become intuitive only after repeated navigation through the embedding. In amplitwist
cascades, operator compositions propagate across hierarchical layers, transforming

structure while preserving constraint relations.

The embodied mode switch is therefore not metaphorical but structural. It is a pro-
jection operator applied to the cognitive manifold, altering which operator subalgebra
is dominant.

Projection Operators and Mode Submanifolds

Let the full agent configuration space be a smooth manifold M, whose elements
xr € M encode sensorimotor state, affective parameters, attentional weights, and
task-relevant internal variables.

Let O; denote a compositional operator basis acting on M, generating trajectories
Xpp1 = Oi(wy).

Define a family of projection operators

P, M—-M,CM,

Operationally, P, does not erase degrees of freedom but reweights the operator basis.

That is, under projection the effective operators become
O\ = w0,
1 - 7 19

Mode switching is therefore not a discrete replacement of one program with another.
It is a continuous redistribution of operator amplitudes across the existing basis. The

algebra remains intact; its weighting shifts.

The invocation of a physical ritualputting on glasses, walking to a workstation, donning
protective equipment, adopting a particular postureserves as a trigger for applying
P.. The ritual acts as a hierarchical signal that induces reweighting, stabilizing the
agent within a particular submanifold of M. In this sense, embodied cues function as
projection-inducing transformations, selecting regimes of competence without requiring
symbolic reconfiguration.

Under this formulation, cognitive hats, construction modes, evaluative stances, and
narrative filters are unified as instances of projection onto mode submanifolds via

structured operator reweighting.

12



Repeated coupling between trigger and projection reduces transition friction. Let
T, denote the embodied trigger transformation associated with mode «, acting on
x € M. Through repetition, the composite map Pa o T'a approaches idempotence on
the relevant region of state space. Formally, training induces a contraction behavior
such that

[Pa 0 To() = Palx)]| — 0

In the limit, invocation of the trigger T, produces negligible deviation from the
projected mode; the system transitions with minimal overshoot or oscillation. The
trigger no longer competes with alternative operator weightings but directly stabilizes
the reweighted configuration. Transition cost decreases because the geometry of M
has been locally reshaped through practice so that the trigger trajectory lies nearly
tangent to the target submanifold.

Operational fluency thus corresponds to geometric alignment between trigger-induced
trajectories and mode projections. What begins as an externally imposed ritual
becomes an intrinsic contraction toward a stable operator weighting, reducing cognitive

and motor latency across repeated invocations.

Hierarchical Triggers and Operator Cascades

Triggers themselves may be hierarchically structured. Let 3 denote a finite alphabet
of symbolic or embodied cues. A sequence

o= (01,00,...,00) €XF
CU:OikO"'OOiU

Such cascades are not arbitrary concatenations. The sequence structure induces a
partial ordering over operator application, reflecting dependency relations encoded
in the trigger hierarchy. Prefixes restrict admissible suffixes; higher-level symbols
determine subspaces of allowable transformations. In this way, the trigger language
¥* functions as a control algebra over End(M).

Through repetition, frequently invoked sequences become compressed macro-operators.
There exists a learned mapping

© : ¥* — End(M)

Hierarchical triggers therefore provide both expressive richness and efficiency. They
permit a finite alphabet to generate an expansive operator semigroup, while practice

13



collapses extended compositions into fluid, low-latency transformations. Competence
arises when the structural grammar of ¥* aligns with the compositional geometry
of End(M), enabling complex behavioral or cognitive shifts to be invoked through
minimal symbolic or embodied cues.

In hotstring pipelines, short symbolic sequences expand into extended procedural
cascades because repeated composition has been compressed into a learned macro-
operator. A brief trigger does not merely substitute for text; it invokes an entire
stabilized transformation chain. The symbolic prefix functions as an address into
an operator algebra whose internal structure has already been consolidated through
repetition.

In embodied practice, entry into a workspace and adoption of a posture operate in
an analogous manner. A change of stance, tool grip, or environmental orientation
acts as a multi-symbol trigger. It reconfigures the admissible operator set, biases gain
parameters, and selects a subalgebra appropriate to the task. What appears externally
as a minor contextual adjustment corresponds internally to activation of a structured
cascade.

Formally, hierarchical triggers define a mapping

U ¥* — End(M),

Composition in X* corresponds to composition of operators:
U(o109) = U(03) 0o ¥(oy),

Hierarchical structure enters when certain prefixes restrict the admissible continuation
space. A leader key in a text editor, a construction posture in a workshop, or a
genre-selection prefix in a narrative system functions as a partial projection onto a

submonoid
End(M)context g End(/\/l),

Under this architecture, symbolic, motor, and narrative triggers are not categorically
distinct phenomena. Each instantiates a homomorphism from structured sequences
into compositional transformations over a manifold. What varies across domains is the
interpretation of 3 and the geometry of M. What remains invariant is the existence
of a learned mapping from hierarchical triggers to stabilized operator cascades.

14



Latent Space Navigation as Operator Flow

Let Z denote a latent embedding space of narrative, semantic, or gestural configu-
rations, endowed with a differentiable structure. A concrete narrative, semantic, or
motor state corresponds to a point z € Z.

Invocation of an operator ¢ induces a vector field on Z,
= V,(2),
z(t) = exp(tVy) 2o,

Repeated traversal of Z under families of such flows renders its geometry operationally
legible. The agent does not require an explicit coordinate atlas. Instead, it acquires
sensitivity to local curvature, anisotropy, and basin structure through repeated expo-
sure to operator-induced trajectories. Over time, an implicit metric structure emerges,
in which small perturbations in operator composition correspond to predictable shifts

in semantic, narrative, or motor configuration.

Thus, genre selection, construction posture, evaluative stance, and gestural refinement
are not distinct faculties but particular instances of navigational motion within
structured latent manifolds. What differs is the interpretation of Z and the semantics of

V,; what remains invariant is the operator-flow architecture governing state evolution.

Amplitwist Cascades and Cross-Domain Generalization

Finally, consider a hierarchical stack of manifolds
My — My = — M,
A=0®o...000,

Because the operator algebra is shared structurally across domains, the same com-
positional principles govern gesture, tool use, narrative manipulation, and cognitive
reframing. Generalization emerges when operator compositions preserve constraint

structure across manifold levels.

Thus, embodied mode switching, trope selection, construction practice, and latent
semantic navigation are not separate cognitive phenomena. They are manifestations
of a unified compositional operator framework, modulated by hierarchical triggers and
stabilized through repetition.

The hats, the glasses, the scoring cabinet, the hard hat, the keystroke prefix, and the

15



hunger state are all instances of projection operators applied to a shared dynamical

substrate.

In this view, cognition is not the storage of symbolic maps but the disciplined invocation

of structured transformations.

V. Seeking as Bidirectional Operator Symmetry

The squirrel example can now be reformulated more precisely. The key insight is that
caching and retrieval are not two independent programs but two projections of a single
operator family under different metabolic constraints.

Let denote a generalized exploratory operator acting on the agentenvironment state. In
the caching phase, this operator is composed with a deposit transformation , yielding

Ocache =Do Oseek~

In the hunger phase, the deposit transformation is absent. Instead, metabolic pressure

modifies internal weighting functions, producing
Oretrieve =Ro Oseeka

where biases the exploratory flow toward regions with previously structured micro-
affordances.

Crucially, the squirrel does not need a separate find seeds algorithm. The same
exploratory gradient that once located suitable hiding sites now rediscover those sites

when driven by hunger-modulated gain.
Formally, let the joint state evolve under a vector field
=F(x, e; 0),

where represents internal gain parameters. Caching and retrieval correspond to
different parameter regimes and . No inversion of coordinates is required; only a

change in gain.

This expresses a more general principle: retrieval is often the time-reversal or reweight-

ing of generation within the same operator algebra.

Seeking is hiding without seeds. Hiding is seeking with deposition.

16



VI. Environmental Memory as Externalized State

Storage

If retrieval is operator re-entry rather than symbolic lookup, then the environment

functions as a distributed memory substrate.

Let be structured by a potential field . During caching, the agent samples near local
minima of with respect to certain environmental features. These minima persist over

time.

Thus the world itself encodes the memory trace. The agent need only carry operators
capable of coupling to those persistent gradients.

The closed-loop dynamics
Xpr1 = Fwg,e0), e = Ger, Tep)

define a coupled dynamical system in . Stable cycles in this joint space function as

memory attractors.

This generalizes beyond squirrels. A workshop does not require a complete internal
blueprint of every tool location. Repeated interaction sculpts a coupling between body
and spatial affordances. Walking into the shop and adopting a posture is sufficient to
reactivate relevant operator cascades.

Memory becomes a property of structured coupling, not internal archive storage.

VI1I. Compositional Compression and Operator Macro

Formation

Repeated operator sequences compress into higher-order units. Let
C=0,0---00,

be a frequently traversed cascade. With repetition, the system approximates by a

macro-operator such that

This compression reduces invocation cost and increases fluency. In symbolic systems

this appears as a hotstring expansion. In motor systems it appears as a learned gesture.
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In narrative control it appears as a familiar trope shift. In complex-plane geometry it

appears as a composed transformation that is experienced as a single twist.

The same principle underlies amplitwist cascades. A sequence of local transformations
can approximate arbitrarily complex global functions. Expertise consists not in

memorizing outcomes but in internalizing a basis sufficient for reconstruction.

Compression does not eliminate structure; it stratifies it.

VI1II. Latent Space Intuition Through Repeated Traver-

sal

Any sufficiently high-dimensional latent space appears opaque at first encounter.
Coordinates lack immediate semantic anchoring, local neighborhoods are not yet
meaningful, and trajectories do not yet carry predictable consequences. Yet opacity is
not a permanent feature of such spaces. Repeated traversal induces structure.

Let Z denote a learned embedding space equipped with a true metric d : Z x Z — Rx,.
An agent interacting with Z through operator-induced motion constructs an internal
approximation d derived from experienced transitions and their consequences. Formally,
as exploration becomes sufficiently dense and distributed over Z, we may express
convergence in the sense that

&\(zh Zj) - d(zlv Zj)7

This convergence need not be explicit or symbolic. The agent does not compute the
metric in closed form. Rather, it learns local geodesic structure through repeated ex-
posure to operator flows. Small perturbations in z become associated with predictable
semantic, gestural, or affective shifts. The space acquires curvature in experience.

This dynamic accounts for a range of phenomena that otherwise appear disparate.
Repeated navigation through word embeddings renders semantic neighborhoods intu-
itive; vectors that once seemed arbitrary acquire directional meaning. Construction
environments, initially requiring explicit deliberation, become navigable without sym-
bolic rehearsal; spatial affordances and tool relations form a coherent geometry. Trope
manipulation in narrative systems transitions from combinatorial selection to fluid
modulation; genre shifts and structural adjustments become continuous deformations

rather than discrete substitutions.

In each case, the agents familiarity with operator-induced displacements stabilizes an
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internal metric. Intuition is not mystification but learned geodesic estimation. It is

the capacity to anticipate the curvature of a manifold from local motion.

Thus, arbitrary latent spaces become intuitive not because their dimensionality is
reduced or their complexity eliminated, but because disciplined traversal induces
internal geometric coherence. Operator familiarity sculpts metric structure. What
was once opaque becomes navigable through repeated, structured movement.

IX. Cross-Domain Generalization and Operator Iso-

morphism

We may now state the unifying claim more directly.

Suppose there exist structured manifolds My, My, M3, and My, each equipped with
a distinguished class of admissible transformations. Let End(M;) denote the algebra
of endomorphisms acting on M;, closed under composition. These algebras need not
be identical, nor even defined over the same geometric substrate. What is required is
that they share sufficient structural properties for composition to be preserved under
a mapping between them.

If such structural homology exists, then there may exist a partial isomorphism
¢ : End(M;) — End(M,),
¢(Oa © Ob) = ¢(Oa) o ¢(Ob)

The mapping ¢ need not be surjective, nor globally defined. It suffices that it preserve
the compositional relations among a generating subset of operators. Under such
preservation, learned cascades on M, admit transport to M, without loss of algebraic

coherence. A sequence
Oako...ooa2o(’)a1
¢(Oak) ©---0 925((9&2) © ¢(Oa1>7

Cross-domain generalization is not reducible to analogy at the level of content. It
arises from operator isomorphism at the level of governing law. Acting on the complex
plane, shifting narrative genre, altering construction posture, reweighting evaluative
stance, and navigating embedding coordinates may inhabit distinct manifolds M;, yet
where their endomorphism algebras admit a homomorphic embedding, competence

transfers.
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What differs across domains is the metric, topology, and material instantiation of M.
What remains invariant is the compositional operator architecture and the preservation
of structure under ¢. Generalization is thus a problem in algebraic transport rather
than representational duplication.

Under conditions of structural preservation, learned operator cascades admit trans-
fer across domains. When the compositional relations among transformations are
maintained, and when hierarchical control mechanisms exhibit analogous constraint
structures, prior competence does not remain confined to its original manifold. It
becomes portable.

Operations on the complex plane, shifts in genre, changes in construction mode,
evaluative reweighting, and embedding navigation seem domain-specific, yet each is
a controlled state displacement within a structured manifold under a compositional
operator basis. The manifold differs; the operator architecture does not.

The relation is therefore not merely metaphorical. It is structural. If two domains
instantiate homologous operator algebras under compatible compositional rules, then
cascades stabilized in one domain may be reparameterized in another without loss
of coherence. The transfer does not require identity of representation; it requires
preservation of transformation structure.

Competence, on this account, is generated by a compositional operator basis invoked
through hierarchical triggers, modulated by context, and stabilized through repetition.
Once thickened and compressed through repeated traversal, this operator basis supports
generalization across heterogeneous manifolds. The continuity across domains is thus

not grounded in shared content, but in shared architecture.

X. Cognition as Structured Transformation Rather
Than Stored Content

We may now articulate the general thesis in explicit terms.

Cognition is not fundamentally the accumulation and retrieval of discrete symbolic
tokens. It is the regulated activation of compositional transformations over structured
manifolds, dynamically coupled to persistent environmental and physiological fields.
What appears as stored content is, under closer analysis, a stabilized region within
a field of possible transformations. What appears as recall is the controlled re-
instantiation of trajectories through that field.
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Let M denote an internal configuration manifold and £ an external environmental
manifold, jointly evolving under reciprocal constraint. Classical representational
accounts posit a storage map

d:&— R,
A =(01,0,,...),

Mode switching is thus formalized as projection. A hat, posture, or contextual trigger

induces a projection
P M—>M;,CM,

Memory, correspondingly, is re-entry. A prior configuration is not stored as a static
object but as a basin of attraction within the joint dynamical system

(Xt+1>et+1) = (F(xt, €t)>G(€t,$t+1))-

Intuition may be described as metric learning over M. Through repeated traversal, the
system induces a geometry in which frequently co-occurring transformations become
proximal. The effective distance function

d/\/l (‘T? y)
Expertise is compression. Frequently composed operator sequences

O;, 000,

i
Generalization, finally, may be formalized as operator isomorphism. Two domains
with manifolds M; and M exhibit deep structural equivalence when there exists a
mapping

\PZM1—>M2
To0W =0? oy
7 J .

The metaphorical devices that appear heterogeneous at the phenomenological lev-
elcolored hats, workshop postures, metabolic states, keystroke prefixes, semantic
embeddings, complex rotations, amplitwist cascadesare thus unified under a single
architectural invariant. Each constitutes a projection operator selecting a structured
subspace. Each activates a restricted subset of transformations within a compositional

algebra. Each relies upon environmental persistence to stabilize trajectories.

What varies across domains is the manifold on which the algebra acts: sensorimotor
configuration space, semantic embedding space, narrative trope space, complex analytic

space, or architectural construction space. What remains invariant is the existence of

21



a compositional operator basis, invoked through hierarchical triggers, learned through

repetition, compressed through use, and generalizable through structural isomorphism.

Cognition, in this account, is structured transformation under constraint. Stored
content is secondary, derivative, and often unnecessary. The primary ontological unit
is not the representation but the transformation that re-enters a field of structured
possibility and stabilizes it under disciplined invocation.

XI. Applied Extension: Robotic Motor Acquisition

as Operator Learning

The preceding sections developed a compositional operator framework in abstract form.

We now examine its implications for robotic motor learning and gesture acquisition.

Classical robotics approaches motor control as an inverse-kinematics problem. Let
denote joint configuration and denote task-space coordinates. A forward model

f:Q—-X

maps joint states to end-effector positions. Motor planning then requires computing
an inverse , typically under redundancy and constraint. This architecture presumes
explicit geometric representation and optimization at each task invocation.

The compositional operator perspective suggests a different formulation. Instead of
recomputing inverse mappings for each action, the system learns a basis of reusable

motor operators. Complex behaviors arise through composition:
C=0,0---00;.

The robot does not solve for each joint trajectory from first principles. It invokes
compressed cascades corresponding to grasping, rotating, stabilizing, probing, or

balancing.

Repeated use transforms frequently composed sequences into macro-operators , reduc-
ing invocation cost and increasing fluency. Motor learning becomes compression in

operator space rather than refinement of symbolic task trees.
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XII. State-Dependent Gain Modulation in Robotic

Retrieval

The squirrel example admits a direct robotic analogue.

Suppose a robot performs object placement under a placement operator defined by
environmental affordances such as surface normal, friction coefficient, and occlusion

geometry. These affordances define a field
AE—-TQ,
mapping environmental structure to motor tendencies.

When the robot later seeks objects, it need not maintain an explicit coordinate registry.
Instead, an internal gain operator modifies the motor weighting function such that

previously attractive placement features become salient under retrieval.
Formally,
q = G(a),

where alters exploration bias. The same environmental gradients that once induced

deposition now induce rediscovery.

Thus caching and retrieval correspond to different gain regimes over the same operator
basis.

This architecture reduces memory load. The environment retains spatial structure;
the robot retains compositional competence.

XIII. Hierarchical Triggers and Hotstring Motor Pipelines

Human motor fluency often operates through hierarchical triggers. A small initiation
cue activates a large-scale cascade. In typing systems, a short prefix expands into
an extended symbolic string. In robotics, a short control signal can invoke an entire

stabilized maneuver.
Let a trigger map to an operator cascade:
T+ C,.

If the cascade is well-trained, the invocation cost approaches constant time, independent
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of internal structural depth.

This architecture supports scalable control. Low-level stabilization operators operate
continuously. Mid-level gesture operators compose these. High-level task operators
compose gestures. The invocation remains compact even though the underlying
structure is deep.

Thus a hierarchical trigger system is not a convenience; it is a compression interface
over a compositional algebra.

XIV. Latent Manifold Traversal for Gesture Gener-

alization

Modern robotic learning often embeds motor trajectories in latent spaces learned via
autoencoders or diffusion models. Let

7 C Rk

denote a learned motor latent manifold. Each point corresponds to a feasible trajectory
or skill.

Gesture acquisition then becomes traversal in . Operators act as vectors:
z =7+ v,

where corresponds to a learned transformation such as increased grip force, altered

approach angle, or rotational offset.

Repeated traversal induces an internal metric over . What initially appears high-
dimensional and opaque becomes navigable. The robot acquires intuitive interpolation

ability between gestures.

This parallels word embedding navigation and trope vector shifts. The domain differs;

the operator structure remains invariant.

XV. Amplitwist Cascades and Continuous Control

In amplitwist formulations, transformations of the complex plane compose to approxi-

mate arbitrarily complex functions. The same logic applies to robotic manipulation.
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Let denote a primitive continuous transformation parameterized by . Compositions
Ty, 0--- 0T,
approximate complex nonlinear control policies.

Instead of solving global optimization problems at each timestep, the system chains
local transformations with learned stability properties.

This reduces computational burden and increases robustness. Continuous control
becomes structured composition.

XVI. Cross-Domain Isomorphism and Unified Op-

erator Basis

We may now restate the unifying claim in explicitly applied form.

Across a wide range of domains that are ordinarily treated as conceptually distinctmotor
gesture acquisition, tool use stabilization, trope selection within narrative systems,
semantic embedding navigation, and chains of complex-plane transformationsthe same
underlying architectural principle recurs. In each case, there exists a structured
manifold M endowed with a geometry induced by experience and constraint. In each
case, there exists an operator algebra A acting on M. Cognition, in its operational
sense, consists in the disciplined invocation and composition of elements of A.

Motor gesture acquisition may be modeled by a sensorimotor manifold M ,st0r, Whose
coordinates encode joint angles, force vectors, and proprioceptive states. Tool use
stabilization emerges when repeated operator compositions

Oik ©:-+0 Oil : Mrnotor - Mmotor

Despite differences in phenomenology, these domains share a common structural
form. Each manifold admits a family of transformations closed under composition.
Each supports the emergence of attractors, invariant subspaces, and compressed
cascades. Each permits metric deformation through repeated traversal. The apparent

heterogeneity of content obscures the deeper homology of transformation.

Formally, let A; and As denote operator algebras acting on manifolds M; and M.
Structural homology exists when there is a mapping

\DZM1—>M2
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This observation bears directly upon robotic and artificial learning systems. The
replication of full symbolic planning architectures is neither necessary nor sufficient
for cross-domain competence. What is required instead is the establishment of a
compositional operator basis

A={(0,...,0,),
Pi: M — M,
G:M—R

O;, 000,

This architecture aligns directly with mimetic proxy theory, in which internalized
operator cascades substitute for explicit representational storage. It aligns with
hotstring expansion systems, wherein short trigger sequences expand into structured
transformations through hierarchical invocation. It aligns with amplitwist cascades,
where compositional transformations in the complex plane generate higher-order
functional approximations. It aligns with latent vector traversal in embedding spaces,
where semantic displacement is achieved by additive or compositional vector operations.

In each case, what appears as domain-specific knowledge is more parsimoniously
understood as the disciplined deployment of a shared operator algebra over a differ-
ently parameterized manifold. The invariants reside not in the content but in the
transformation structure. What differs is the geometry of M; what remains invariant
is the algebraic form of A and the hierarchical control mechanisms governing its

activation.

The implication is that cognition, both biological and artificial, is best understood as
cross-domain operator theory instantiated over heterogeneous manifolds. Transfer,
creativity, and generalization arise when structural isomorphisms between operator

algebras are recognized and exploited. The manifold may change; the algebra persists.

XVII. Concluding Synthesis: Operator Architecture

as a Unifying Principle

The argument developed throughout this essay can now be stated in its most com-
pressed form. Across domains that appear heterogeneousanimal foraging, human

tool use, robotic motor control, narrative remixing, semantic embedding navigation,
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amplitwist cascades, and hotstring pipelinesthere recurs a single structural pattern.
Cognition is not fundamentally the storage and retrieval of symbolic maps. It is the
acquisition, compression, and invocation of compositional operators over structured
manifolds.

We began by contrasting representational architectures with mimetic proxy theory.
The classical view assumes an explicit mapping

b £ —-R

The squirrel example clarified this distinction. Caching and retrieval do not require
two separate programs nor an indexed coordinate ledger. They arise from a single
operator basis modulated by metabolic state. Hunger acts as a gain operator, shifting
the agents configuration so that the same environmental gradients that once guided
deposition now guide rediscovery. The world itself functions as a distributed memory
substrate. Representation is displaced into dynamics.

From this biological grounding, we generalized to hierarchical triggers and composi-
tional pipelines. A short symbolic prefix may invoke a deep cascade of transformations.
Repetition compresses frequently composed sequences into macro-operators. Invoca-
tion cost becomes decoupled from structural depth. Fluency emerges not from storing

more information but from stabilizing operator compositions.

This same architecture appears in semantic embedding spaces. A high-dimensional
manifold initially seems opaque, yet repeated traversal induces a metric intuition.
Vectors become meaningful directions. Chaining transformations approximates ar-
bitrarily complex mappings, as in amplitwist constructions over the complex plane.
What appears abstract becomes navigable through repetition.

The extension to narrative systems demonstrated that trope selection, genre modu-
lation, and structural remixing can be understood as vector operations in a latent
configuration space. Keystrokes function not as discrete toggles but as compositional
operators shifting a narrative state along continuous axes of tone, structure, archetype,
and modality. The resulting trajectory is not a lookup from a database but a path
through a manifold shaped by operator algebra.

Robotic motor acquisition reveals the same pattern in physical embodiment. Instead
of recomputing inverse kinematics for each task, the system learns a reusable operator
basis over joint configuration space. Complex behaviors arise through composition. Re-
trieval of objects or stabilization under perturbation depends not on stored coordinates
but on state-dependent gain modulation over learned affordance fields. Environmental

structure persists; internal structure compresses interaction patterns.
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Across all these domains, five structural invariants emerge.

First, cognition operates over manifolds rather than static symbol tables. Whether rep-
resents sensorimotor configurations, semantic embeddings, or narrative configurations,

it is a structured space with local neighborhoods and gradients.

Second, operators form a compositional algebra . Primitive transformations can be
chained to approximate arbitrarily complex mappings. This is the mathematical
substrate of skill.

Third, hierarchical triggers provide compressed interfaces to deep cascades. Invocation
is lightweight even when structure is elaborate.

Fourth, repetition induces metric intuition. An arbitrary latent space becomes intuitive
through traversal. Familiarity is not symbolic mastery but dynamical fluency.

Fifth, environmental coupling reduces representational burden. Structure need not be
duplicated internally if it can be reliably re-engaged externally. Memory becomes a
property of closed-loop dynamics:

Xi+1 = F(l't, et)7 €i+1 = G<€t, $t+1>-

This synthesis reveals that the themes previously developed under distinct namesmimetic
proxy theory, hotstring pipelines, latent space traversal, amplitwist cascades, force-
based embedding navigationare not independent metaphors. They are instances of
a single architectural principle: cognition as compositional operator control over

structured manifolds.

Even the pedagogical device of shifting thinking modes, as in structured parallel
cognition systems, can be reinterpreted in this framework. Each mode corresponds
to an operator subalgebra activated under specific triggers. Code-switching between
construction tasks, analytic reasoning, brainstorming, or evaluation reflects gain
modulation over operator families rather than activation of separate symbolic programs.

The agent does not replace its cognitive architecture; it re-weights its operator basis.

The implications extend beyond theoretical unification. If cognition is fundamentally
operator-based rather than representationally indexed, then artificial systems should
prioritize learning stable, compositional operator bases over building ever-larger
static knowledge stores. If latent spaces become intuitive through repeated traversal,
interface design should privilege navigability and compositional fluency over exhaustive
categorical enumeration. If memory resides in environmental coupling, then distributed

architectures may reduce internal storage requirements through structured interaction.

The unifying claim is therefore not that all domains are metaphorically similar, but
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that they share an isomorphic algebraic structure. Whether manipulating drywall,
rotating a complex plane, navigating word embeddings, selecting narrative tropes, or
stabilizing a robotic arm, the agent operates by invoking compositional transformations
over a manifold whose geometry becomes familiar through repetition.

Cognition is not most fundamentally the accumulation of descriptive encodings. It is
the disciplined acquisition of a structured operator algebra acting on a manifold of
states. Let M denote a domain-specific state space and let A = (O, ..., O,) denote a
family of composable transformations O; : M — M. Cognitive development consists
not in storing symbolic coordinates within M, but in stabilizing and compressing
elements of A such that trajectories through M can be generated, modulated, and
re-entered with increasing efficiency.

Memory, in this formulation, is not a ledger of indexed points p; € M. It is the capacity
to reinstantiate operator sequences whose action returns the system to structurally
similar regions of M. Formally, for a target region R C M, memory is the existence

of a composed transformation

O; 0---00;

ik
Understanding, likewise, is not the possession of a representation in the sense of a
static mapping ® : £ — R. It is fluency in traversal: the ability to move coherently
through M under the action of A, to interpolate between configurations, and to
compose transformations in a manner that preserves structural invariants. An agent
understands a domain to the extent that it can generate stable and appropriate

trajectories within its associated manifold.

Across domains, the manifold M varies. In motor control, M may be a sensorimotor
configuration space. In narrative systems, it may be a semantic-trope manifold. In
complex analysis, it may be the complex plane endowed with a conformal structure.
In embedding models, it may be a high-dimensional vector space with a learned metric.
These manifolds differ in dimensionality, topology, and metric structure.

What remains invariant is the operator architecture: the existence of a compositional
algebra A, hierarchical mechanisms for operator invocation, state-dependent gain
modulation, and the compression of repeated cascades into higher-order transforma-
tions. It is this architecturerather than the specific content of any one domainthat

constitutes the structural core of cognition.
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Appendices

Appendix A: Operator Algebras on Cognitive Man-
ifolds

In the main body of the essay, cognition was characterized as the invocation of
compositional operators over structured manifolds. This appendix formalizes that
claim.

Let M denote a smooth manifold representing the internal configuration space of an
agent. Points x € M encode sensorimotor states, semantic embeddings, narrative
configurations, or other domain-specific structures. We assume M is finite-dimensional
and endowed with a Riemannian metric g, permitting the definition of gradients,

distances, and geodesics.

An operator is defined as a smooth endomorphism
O:M— M.

Oy 0 Oy € End(M).

A compositional operator basis is a finite set

B ={0,...,04}

O~ 0;,0:---00,,.

We model skill acquisition as compression within this algebra. Suppose repeated

compositions

Oz’1 O"'Ooz‘n

Omacro = O 0+ -0 O,

B” = B U{Omacro}-

To model graded operator application, we extend to parameterized operators:
Og: M —=M, 0cOcCRL

Op(2) =z + Vo (),

d X(t)m

Xn41 — Oen (xn)
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In summary, cognition in this formalism is a dynamical trajectory in M under a
control sequence of operators drawn from a generating basis. The complexity of
cognition is not measured by representational size but by the algebraic richness of ()
and the efficiency of its invocation.

The remaining appendices extend this structure to environmental coupling, latent
semantic spaces, amplitwist cascades, and hierarchical trigger compression.

Environmental Coupling and StateDependent Dy-

namics

Let M denote the internal configuration manifold of the agent and £ the structured
environment manifold. We assume both are smooth manifolds equipped with metrics

gm and ge.

The coupled system evolves under a bidirectional dynamical law:
Xpr1 = F(2, €4, er1 = Ger, Tp11),

Rather than assuming an internal representational map
d:£—-R,

A:E—-TM

4 X G=xto.
Conversely, the agent induces transformations in &:
4 CF=Bwey,
An attractor pair (z*, €*) satisfies

F(x*, e*) = a7, G(e*, x*) = e*.

State-dependent retrieval is then modeled by a parametric family of internal operators
Hy: M — M,

x" = H)(x)

Memory is thus the re-entry of a coupled trajectory into a neighborhood of a previously
visited invariant set in M x £. No explicit coordinate storage is required; persistence
of environmental structure and operator coupling suffices.
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Latent Semantic Manifolds and Vector Composition

Let £ C R™ denote a learned embedding space, such as a word2vec manifold or trope

configuration space. Points z € £ encode semantic or narrative states.

We assume L is endowed with a smooth structure approximating a Riemannian

manifold embedded in R™. Vector displacements
7z =z+vVv

Let V =wvy,...,v; be a set of basis directions corresponding to primitive semantic op-
erations, such as genre shifts, tone modulation, or archetype emphasis. Compositional

transformation is expressed as

7 =7+ Zle Q;v;,

When L is curved, linear addition is replaced by exponential mapping:
7= exp, (Zle aivi) :

Existing media may be modeled as trajectories

v:[0,1] — L,

()= expy (VD).

Repeated traversal of £ builds intuitive understanding of its geometry. Operator
fluency corresponds to familiarity with the local curvature and neighborhood structure
of L, allowing effective navigation via short compositions of basis vectors.

Amplitwist Cascades and Complex Operator Bases

Let C denote the complex plane, with z € C. An amplitwist operator is defined as a

composition of scaling, rotation, and nonlinear warping:
A(z) = pe’z + U(z),

A cascade of amplitwist operators is given by

Zp41 = An(Zn)7

An(2) = ppenz + 0, (2).

Under suitable richness conditions on W¥,,, compositions approximate arbitrary contin-
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uous transformations on compact subsets of C. This parallels universal approximation

theorems for neural networks.
If cognitive or gestural states are embedded in C™, then cascades
Zn+1 = An<zn)

Hierarchical triggers correspond to discrete selection of parameters (p,,, 0,,, ¥,,). Learned
repetition compresses frequently used cascades into macro-operators, reducing compo-

sitional depth while preserving expressive capacity.

Hierarchical Trigger Systems and Compression

Let X be a finite alphabet of primitive triggers. A hierarchical trigger system is modeled

as a rooted tree T" whose nodes correspond to partial compositions of operators.
Each path from root to leaf corresponds to a word

W = 0,0, ...04, 0 €Y,

Oy =0y, 0+ 00,,.

Let £ denote the latent state space. Invocation maps

7z — Oy(2).

Repetition induces compression by introducing new symbols o* such that

Oy = O,.

Generalization across domains occurs when the same abstract operator algebra acts
on different manifolds My, M via representations

i+ (X)) — End(M;).

Cognitive unification follows from the existence of a shared compositional algebra
whose representations differ by domain but preserve structural relations. The apparent
diversity of behaviors reduces to distinct realizations of a common operator-theoretic
skeleton.
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Operator Fluency as GGeodesic Familiarity

Let £ be a latent manifold equipped with Riemannian metric g. An agent navigating

L by compositional operators generates a discrete trajectory

Ziy1 = Oat (Zt)v

Define a continuous interpolation v : [0,7] — L approximating the discrete path.
Operator fluency corresponds to the ability to approximate geodesics in £ using short

compositions in >*.

Formally, for nearby points z, 2z’ € L, the geodesic distance is

dy(2,2') = inf, [} /9(3(),7(1)) dt.
O, (2) = exp,(v).

Repetition reduces the effective word length needed to approximate typical displace-
ments. The agent internalizes frequently traversed geodesics as single compressed

operators, decreasing cognitive path length while preserving navigational reach.

Thus intuition in a latent space is not the memorization of coordinates but the

shortening of compositional paths approximating its intrinsic geometry.

Seeking as Symmetric Operator Application

Let Ocache denote a compositional operator that maps the internalenvironmental
state toward configurations favorable for seed hiding. Let Oseek denote the operator

activated under hunger.

Classical memory theory would posit an explicit stored set p; C £ and a retrieval

function
retrieve(x) = arg min,, d(x, p;).

In the operator framework, we instead assume that O, selects environmental

minima of a potential field V' : £ — R by gradient descent:

d Ca=vvie.

Seeking corresponds to reapplying the same structural operator under a modified

internal parameter A\ (e.g., hunger intensity). Let
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OA - Ocache o Hz\a

Under environmental persistence, minima of V' remain stable. Therefore, trajectories
under O, converge toward regions similar to those selected during caching. Retrieval
becomes structurally equivalent to hiding without the seed, differing only in metabolic
boundary conditions.

This symmetry explains why the same seeking dynamics can locate seeds hidden
by conspecifics. The operator does not encode individual coordinates; it encodes
structural preferences over environmental topology.

Force-Based Embedding Navigation

Consider an embedding £ C R" constructed from semantic or trope co-occurrence
statistics. A force-directed layout defines a vector field

F(z) = 22 wii(2 = 2:) = 20 e (6 — %),
Interactive navigation corresponds to integrating

d LHA=F() U @),

Repeated exploration reduces cognitive distortion between the high-dimensional em-
bedding and its low-dimensional visualization. Intuition emerges as alignment between

internal operator basis and the embeddings curvature.

Thus, any arbitrary latent space becomes navigable through iterative traversal be-
cause the agents operator repertoire adapts to its force geometry. Familiarity is the
internalization of its flow field.

Cross-Domain Representation of Operator Algebras

Let £ denote an abstract operator algebra generated by X under composition. Suppose
we have multiple domains Dy, ..., Dy such that each admits a representation

i : O — End(D;).
Examples include:

D; = Gestural space, D, = Tool manipulation space, D3 = Narrative latent space, D, =

Semantic embedding space.
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Structural equivalence across domains arises when commutation relations in ) are

preserved under 7;:
7Ti(01 o) 02) = Wi(ol) o) 7TZ‘(OQ).

Hierarchical triggers correspond to words in £. Their meaning differs by domain, but

compositional structure is invariant.

This formalizes the intuition that painting, construction, linguistic switching, trope
selection, and latent vector chaining are realizations of the same algebraic skeleton.

Domain-specific content changes; compositional dynamics remain.

Compression, Generalization, and Irreversibility

Let C' : ¥* — ¥/ be a compression map identifying frequently occurring words with
new primitive symbols. The compressed algebra O’ has reduced generator length for

common operations.

Generalization occurs when compressed operators apply successfully to novel regions of
D;. This requires structural similarity between training trajectories and new contexts.

Irreversibility enters when compression discards fine-grained distinctions. Let ¢ : O —
£’ be surjective but not injective. Distinct words in © may map to a single symbol in

O’

Thus learning simplifies navigation but sacrifices detailed historical trace. Exper-
tise corresponds to selective compression that preserves necessary distinctions while

minimizing compositional depth.

The unified picture is therefore algebraic and dynamical. Cognition is not the storage
of maps but the cultivation of operator bases. Memory is re-entry into environmental
basins through state-dependent activation. Latent spaces become intuitive through
repeated geodesic approximation. Gestural control, trope traversal, and semantic
navigation are domain-specific instantiations of a shared compositional algebra acting

on structured manifolds.
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Hierarchical Triggers as Control Functors

Let X denote a finite alphabet of primitive triggers and let ¥* denote the free monoid
of finite words over X. A hierarchical trigger sequence is a word

_ *
W = 01090, € 2,

We formalize this by defining a category C whose objects are submanifolds of a latent
space L and whose morphisms are operator restrictions. A top-level trigger o, selects
a coarse submanifold

L, C L,

Ly, C Ly,

LDLi DLy D DL,

The full trigger word w therefore induces a functor
Fo,:L—L,,

In this formulation, hierarchical hotkeys are not discrete toggles but compositional
refinements of constraint. FEach prefix of w defines a coarse-graining, and each
additional symbol reduces entropy within the current manifold. Trigger fluency
corresponds to the ability to traverse this refinement lattice rapidly and reversibly.

Amplitwist Cascades as Universal Approximation

Consider the complex plane C with coordinate z = = + iy. Let A denote the set of
operators generated by amplitude scaling and phase rotation:

Too(2) = ez,
If we include translation,
Sb(2)22+b, bGC,

To achieve universal function approximation, we introduce nonlinear operators

An amplitwist cascade is a composition

C<Z> = Tanﬁn © N ©---0 Ta1791 o N(’Z>
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Under suitable richness of nonlinearities, such cascades approximate arbitrary con-
tinuous mappings on compact subsets of C, analogous to universal approximation

theorems in neural networks.

The cognitive interpretation is that twist, scale, and nonlinear gating form a minimal
operator basis capable of generating complex transformations. When applied to
gestural manifolds, semantic embeddings, or narrative latent spaces, these same
cascades implement flexible deformation fields. The structural role is invariant; only
the substrate differs.

State-Dependent Submanifolds and Mode Switch-
ing
Let M denote the full internal configuration manifold. A mode, such as evalua-

tion, brainstorming, construction planning, or meta-commentary, corresponds to a

submanifold

M, C M,

Define a mode operator

Sy : M — M,

Mode switching is therefore not a change of content but a projection:
x' = S)(x).

Repeated practice internalizes Sy as a low-cost operator. Physical anchors such as
hats, glasses, or spatial repositioning serve as external triggers for this projection. The
essential mathematics is that each mode restricts the tangent bundle:

TM, C TM.

Different hats correspond to different admissible vector fields. Code-switching be-
tween construction, painting, linguistic production, or trope selection is the rapid
reconfiguration of admissible flows on M.
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Environmental Memory as External Potential En-

coding

Let £ be an environment with potential field V' : £ — R. Interaction sculpts V'
through repeated coupling. Define a modification operator

AV(e) = V(e) +ef(e),
The joint dynamics of agent and environment follow
Xep1 = F(xg,60),  er1 = Gley, Tepa).

Persistent environmental minima act as attractors independent of explicit storage.
Memory becomes distributed across M x €. The world functions as a partially

externalized state register.
Formally, retrieval trajectories are solutions to coupled gradient systems:

dx

dt=—V,®(ze), L=—V .O(ze),

Global Synthesis: Operator Universality Across Scales

Let D; denote domains of increasing abstraction: motor control, tool manipulation,
linguistic production, trope configuration, and semantic embedding traversal. Suppose
each domain admits a representation of a shared abstract algebra O.

Then for each domain there exists a representation
w0 O — End(Dy),

The universality claim is not that the substrates are identical, but that the same
compositional grammar governs transformations within them. Hierarchical triggers
instantiate words in . Mimetic proxy dynamics implement state re-entry within O.
Amplitwist cascades supply a generative deformation basis. Force-based embeddings

provide a navigable geometry for Os action.

Thus cognition, in its most general form, is the iterative refinement and compression
of operator algebras acting on structured manifolds across domains. Expertise is
the shortening of compositional paths. Intuition is geodesic familiarity. Memory is
state-dependent re-entry into attractor basins. Creativity is the extension of £ into
new representational spaces while preserving its algebraic skeleton.
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Operator Compression and Skill Acquisition

Let © be an operator algebra generated by a primitive basis

Op ={01,04,...,0}.

W=0,,0:---00,,00,,.

Execution cost may be modeled as proportional to composition length:
C(W) ~ n.

With repetition, frequently used compositions become compressed into higher-order

operators

O=0;, 000,

01 =Dy U{0;,0,,...}.

Skill acquisition is therefore an algebraic extension process:
OpCOICOHC -

The effective path length for common transformations decreases as higher-level gener-
ators absorb frequently traversed sequences. What once required deliberative chaining
becomes a single invocation. The algebra thickens while the execution path shortens.

In motor domains, this appears as fluid gesture. In linguistic domains, as idiomatic
fluency. In narrative control, as rapid trope modulation. In mathematical reasoning,
as immediate recognition of structural equivalence. Compression does not eliminate

structure; it reorganizes it into reusable morphisms.

Geodesics in Latent Manifolds

Let £ be a latent configuration manifold endowed with a Riemannian metric g. A

cognitive transformation from state x to y corresponds to a curve v : [0,1] — £ with
7(0) =z and y(1) = y.

The energetic or computational cost of transformation may be defined as

E(Y) = [ /9y (3 (0), 3 (D) dt.

Expertise corresponds to the discovery of geodesics minimizing E. Novices traverse

piecewise-linear approximations with unnecessary detours; experts move along near-
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minimal curves shaped by compressed operators.

When hierarchical triggers are internalized, they effectively parameterize coordinate
charts on £. The user does not search blindly but selects coordinate directions
aligned with principal curvature axes. Navigation becomes differential rather than

combinatorial.

Force-directed embeddings supply a computational analogue. If £ is approximated by
a graph with nodes v; and spring forces

Fij = —k([lv; — 24| — diy),

Mode Decomposition as Fiber Bundles

Let M denote the full configuration manifold of an agent. Suppose modes of opera-
tionevaluation, exploration, construction, reflectiondefine fibers over a base manifold
B representing shared content structure.

We formalize this as a fiber bundle

T M — B,

A hat, spatial relocation, or internal trigger selects a section
sy:B— M,

Parallel thinking, construction code-switching, or brainstorming thus become different
sections of the same bundle. The content coordinate remains fixed in B while the
tangent structure within the fiber changes. Constraint fields differ, admissible vector

directions differ, but the underlying object persists.

This geometry clarifies how a single problem may be examined under incompatible
but formally coherent perspectives. Switching modes is not contradiction but fiber

transition.

Cross-Domain Representation via Functorial Trans-

port

Suppose domains D; and D; both admit representations of the same operator algebra
9. A functor
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Tij . Dz — Dj
Tij(mi(O)(x)) = m;(O)(Tij(2))

This commutativity expresses generalization. A twist-scale operator in complex
analysis, a rotational gesture in tool manipulation, and a trope modulation in narrative

space may instantiate the same abstract generator under different representations.

The cognitive act of analogy is precisely the construction of such a functor. When
structure is preserved, transfer is effortless. When representation fails to commute,

domain mismatch produces friction.

The power of a compositional operator basis is therefore its transportability. Once O is
internalized abstractly, new domains require only representation maps, not reinvention
of primitives.

Temporal Compression and Parallelization

Let T denote total developmental time required to articulate or internalize a domain.
If operators are learned sequentially, we approximate

W N

T~ 3 51 Tk,

If representations are shared across domains, effective cost reduces to
)~

T = ZkEHew Tk

Increased resources correspond to parallel instantiation of representations:
9~

T” ~ maxy 7y,

Thus decades compress to years when operator bases are reused across domains rather
than rebuilt independently. The key is not acceleration of raw learning speed, but

recognition of algebraic invariance.

Final Structural Claim

Across domains as diverse as gesture coordination, tool-mediated manipulation, linguis-
tic composition, trope configuration, embedding traversal, and amplitwist deformation,
a recurrent structural motif may be identified. In each case, a finite or effectively

generative set of transformations acts compositionally on a structured manifold. These
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transformations are invoked through hierarchical control mechanisms, refined through
repetition, compressed into higher-order operators, transported across domains via
structural correspondences, and stabilized through ongoing environmental coupling.

The claim need not be interpreted as asserting identity of mechanism in all details,
but rather as positing a shared formal architecture. Let M denote a domain-specific
manifold and let A denote an operator algebra acting upon it. Cognitive competence
within that domain consists in the controlled deployment and composition of elements
of A, together with the modulation of their activation under varying internal and

external constraints.

Under this interpretation, cognition is not primarily symbolic storage but regulated
transformation. Memory is not exhaustively characterized as a database of indexed
entries, but may be more parsimoniously modeled as the capacity to re-enter dynami-
cally stabilized regions of state space through learned operator cascades. Skill is not
merely the accumulation of discrete procedures, but the progressive thickening and
compression of an operator algebra such that increasingly complex trajectories can
be generated with decreasing deliberative overhead. Creativity, correspondingly, may
be understood as the extension or transport of an existing operator structure onto
a novel manifold, preserving compositional coherence while altering representational

substrate.

The proposed unity across these domains is therefore formal rather than reductive. It
suggests that the most stable invariant is not the particular content manipulated in
each case, but the transformation law governing its reconfiguration. What varies is
the geometry of the manifold; what persists is the structured algebra of controlled
change.
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