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Abstract

The Imagination Machine series develops a formal framework for embedded epistemic sys-
tems based on recursive cycles of compression, transmission, and structural extension. The
present paper provides a categorical formulation of that architecture.

Structured domains are treated as objects of a category, and representational transformations
as morphisms. Compression maps form a class of morphisms that preserve selected relational
invariants, while extension operations correspond to generative constructions that recover richer
structure from compressed representations.

We show that the architecture of the Imagination Machine may be expressed as a tower
of functors between categories of structured spaces. External symbolic artifacts correspond to
objects in a category of symbolic lattices, while conceptual dynamics appear as morphisms in
an observable category.

This formulation reveals the series as a recursive representational machine whose structure
is naturally expressed in categorical terms.

1 Introduction

The Imagination Machine series examines how embedded epistemic systems construct, transmit,
and refine representations of the world.

Earlier papers describe several manifestations of this process, including:

• epistemic closure of world models

• dynamical system representation

• predictive learning

• institutional knowledge transmission

• analogical abstraction

• structural completion

• moral admissibility

• geometric theology

Despite their domain differences, these constructions share a common architecture. Each in-
volves representational compression followed by potential structural extension.

The present paper shows that this architecture admits a natural categorical formulation.
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2 Categories of Structured Spaces

Definition 1. A structured space is a pair

X = (O,R)

where O is a set of objects and R is a family of relations defined on O.

We define a category Struct.

Definition 2. Objects of Struct are structured spaces.
Morphisms are functions

f : OX → OY

that preserve selected relational invariants.

Composition of morphisms is ordinary function composition.

3 Compression Morphisms

Definition 3 (Compression Morphism). A compression morphism

C : X → Y

is a morphism that reduces representational complexity while preserving a specified family of
relational invariants.

Compression morphisms induce equivalence classes on the domain space.

Remark 1. Compression therefore produces quotient-like representations of structured spaces.

4 Extension Morphisms

Compression simplifies structure, but reasoning often reconstructs richer representations.

Definition 4 (Extension Morphism). An extension morphism

E : Y → X ′

generates new structure consistent with the invariants preserved by compression.

Compression and extension therefore form a generative pair.

5 The Compression–Extension Cycle

The fundamental operation of the Imagination Machine may be expressed as

X
C−→ Y

E−→ X ′

where

• C is a compression morphism
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• E is an extension morphism

Remark 2. This cycle appears across multiple domains studied in the series, including analogy,
predictive modeling, and institutional knowledge transmission.

6 Symbolic Externalization

Let Σ be a finite symbolic alphabet.
External symbolic artifacts may be represented as objects of a category Symb whose objects

are symbolic lattices

S ∈ Σm×n.

Define a functor

Ctext : Struct → Symb

mapping conceptual structures to symbolic representations.
This functor corresponds to the act of externalization.

7 Observable Categories and Koopman Lifting

Let conceptual dynamics evolve according to

xt+1 = F (xt).

Symbolic observables are produced by compression.

st = Ctext(xt)

Define a functor

O : Struct → Obs

mapping conceptual spaces to spaces of observables.

Remark 3. In dynamical systems theory, observable evolution may be represented by Koopman
operators acting linearly on observable spaces.

Thus symbolic externalization may be interpreted as constructing an observable category in
which conceptual dynamics become tractable.

8 The Imagination Machine as a Functor Tower

The series itself may be represented as a tower of functors

Struct → Model → Predict → Institution → Analogy → Extension → Ethics → Theology.

Each layer preserves selected relational invariants while discarding detail.

Theorem 1. The Imagination Machine series defines a recursive representational architecture that
may be expressed as a tower of functors between categories of structured spaces.
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9 Conclusion

Representational compression, symbolic externalization, and structural extension form the genera-
tive core of embedded epistemic systems.

The categorical formulation presented here reveals the Imagination Machine as a recursive rep-
resentational architecture in which structured spaces, symbolic artifacts, and conceptual dynamics
are related through functors preserving relational invariants.
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