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Abstract

This paper proposes a minimal generative framework in which a single axiom—difference—gives rise to
states, relations, logic operations, computation, memory, and stable patterns. The model is intentionally
elementary: it assumes no physical substrate, no predefined operators, and no external interpreter. The
system begins with the primitive act of distinction and demonstrates how classical computational structures
emerge inevitably from recursive applications of that act.

The goal is to identify the simplest informational kernel capable of generating the building blocks of
complex systems.

1. Introduction

Foundational work in mathematics, computer science, and physics explores how complex structures
emerge from minimal generative rules—e.g., Laws of Form, Turing computation, cellular automata, type
theory, and relational models of physics.

This paper investigates whether a single primitive—difference—is sufficient to bootstrap an entire
hierarchy of computational properties. Specifically: states, relations, logic, computation, memory, and
structure.

The framework is informational, not physical. It makes no claims about the universe; only about the
minimal structure required for computation-like emergence.

2. Axiom: Difference

Axiom (Difference): A system exists if and only if a distinction can be made.

Let two distinguishable forms arise:

0, 1



No meaning is assumed—only distinguishability.

Define a primitive operator:

ACa, b) =1 iff a=#b

3. Generative Rule: Binary Expansion of Distinction
We construct a generative binary tree where each node splits into 0 and 7.

(*)
Difference

A path of depth n corresponds to a binary string of length n. This closure yields:

« Level 1: Difference

* Level 2: States

* Level 3: Relations

* Level 4: Logic

* Level 5: Computation

* Level 6: Memory

* Level 7: Stable Structures

4. Level 1 — Difference

The foundational act of distinction: requires no substrate or assumptions.

5. Level 2 — States

Binary distinction yields two stable states:

S =40, 1}



6. Level 3 — Relations

All ordered pairs emerge:

S xS = {00, 01, 10, 11}

Relations are the first composite informational forms.

7. Level 4 — Logic

Boolean logic emerges as functions over binary relations:

f: SxS .S

Examples:

AND:
00 -
01 -
10 -
1M -

- O O O

OR:
00 -
01 -
10 -
11 >

- a2

XOR:
00 -
01 -
10 -
1 >

o = = O

NAND (universal):
00 - 1

01 - 1
10 - 1
1 -0



Functional completeness appears without being assumed.

8. Level 5 — Computation

Recursive composition of Boolean functions yields computation:

C = {finite compositions of Boolean functions}

Any Turing-complete system can be encoded:

* NAND-only networks

+ cellular automata rules

* lambda calculus encodings
« combinatory logic

Computation emerges naturally from recursive logic.

9. Level 6 — Memory

Define a computational process:
T: s ., Sn
Let the transition graph be:

G = (V, E)

Memory is defined as recurrence:

Tk(x) = X for some k > 0

Example:

(0101)
1

(1010)
1

(0101)



Cycle length = 2 . Memory

10. Level 7 — Stable Structures

Stable structures are informational patterns that persist under computation:

pcsn such that T(P) =P

Examples:

* Fixed point:
1111 - 1111

* Period-2 cycle:
0101 - 1010 - 0101

* Propagating pattern (glider-like):
001 - 010 - 100 - 001

These are proto-objects: stable, persistent informational formations.

11. Emergence Ladder (Summary)

Level 7 — Stable Structures
Level 6 — Memory

Level 5 — Computation

Level 4 — Logic

Level 3 — Relations

Level 2 — States

Level 1 — Difference

12. Discussion

From a single axiom (Difference) and a binary generative rule, we derive:

* binary states
* relational pairs



+ Boolean logic

* computation

* memory

* stable informational structures

These are the minimal prerequisites for complex systems.

This framework makes no metaphysical claims. It simply demonstrates how far a single informational
distinction can be extended through recursive closure.

13. Future Work

Future directions include:

* Level 8: boundary-forming self-maintaining structures (proto-agents)

* mappings to category theory and type theory

+ equivalences to cellular automata, lambda calculus, and dynamical systems
« analysis of attractor landscapes

« emergence of self-reference

14. Conclusion

A single primitive—difference—expanded recursively, yields logic, computation, memory, and structural
persistence. This suggests a minimal generative kernel from which complex informational universes may
arise.

This paper provides a foundation for deeper exploration of emergent structures beyond computation, while
keeping the core framework minimal and mathematically grounded.
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