Incompleteness, Temporal Logical Systems, and
Emergent Creativity in Artificial Intelligence

Abstract

We investigate the relationship between logical incompleteness, time-
evolving axiom systems, and the emergence of creativity in artificial
intelligence. We formalize Al systems as dynamically evolving collec-
tions of implicit logical systems and show that: (1) incompleteness
persists under both temporal evolution and multi-agent composition,
(2) logical futures branch infinitely under axiom extension, and (3) cre-
ativity arises as structured selection within incomplete systems. We
further analyze the role of evaluation functions and argue that fully
autonomous value formation remains an open problem.

1 Introduction

Modern Al systems exhibit reasoning, adaptation, and generative capabili-
ties that resemble logical inference while extending beyond classical formal
systems. This raises foundational questions:

e Can Al be modeled as a formal logical system?

e Does Godelian incompleteness constrain AI?

e How does temporal learning affect logical structure?
e What is the origin of creativity in such systems?

We propose a unified framework connecting incompleteness, temporal
axiom systems, and creativity.

2 Formal Preliminaries

Definition 1. A formal system is a pair (I, R) where I' is a set of axioms
and R is a set of inference rules.



Definition 2. The set of derivable theorems from I' is denoted
Th(T).

Theorem 1 (Godel). Any sufficiently expressive, consistent, and effectively
axiomatizable system is incomplete.

3 Time-Evolving Logical Systems

Definition 3. A time-evolving aziom system is a sequence {A;}ier such
that
s<t= A, C A.

Theorem 2 (Infinite Future Branching). If infinitely many independent
azrioms can be added after time ty, then the number of possible future logical
systems is infinite.

Proof. Let {B;}2, be independent sentences. Define systems by selecting
subsets of {3;} over time. Distinct selections yield distinct theorem sets. [

4 Order Sensitivity

Theorem 3. Different acquisition orders of independent axioms yield dif-
ferent intermediate theorem sets.

Proof. Immediate from independence: Th(G U {a}) # Th(G U {8}). O

5 Al as a Dynamic Logical System

We model Al as:

e an implicit axiom set I'implicit,
e probabilistic inference mechanisms,

e a time-dependent context.

Proposition 1. A fized Al state corresponds to a formal system and is
subject to incompleteness.

Proposition 2. An evolving Al corresponds to a sequence of formal sys-
tems, each individually incomplete.



6 Multi-Agent Systems

Theorem 4. A system composed of multiple interacting Al agents remains
imcomplete.

Proof. The union of all agent knowledge forms a larger system to which
Godel’s theorem applies. O

7 Self-Reference

Proposition 3. Any Al system capable of sufficient self-reference admits
undecidable true statements about itself.

8 Creativity as Structured Selection

Let Q denote the space of possible outputs.
Definition 4. An evaluation function is V : Q — R.
Definition 5. Creativity is defined as the process:

*
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o = V(@)

under constraints of novelty and coherence.

Proposition 4. In a complete system, creativity collapses as all outcomes
are predetermined.

Proposition 5. Incompleteness induces an open space of extensions, en-
abling creative selection.

9 Randomness vs Creativity

Proposition 6. Randomness corresponds to sampling from §2, while cre-
ativity corresponds to guided selection via V.

10 Evaluation Functions in Al
Proposition 7. Current Al systems operate under externally defined eval-
uation functions.

Proposition 8. Fully autonomous evaluation requires internally grounded
value systems, leading to infinite regress unless axiomatized.



11 Discussion

We interpret creativity as an emergent phenomenon arising from:

e incompleteness (open possibility space),
e branching (multiple extensions),

e evaluation (selection mechanism).

12 Conclusion
We have shown:

e Incompleteness persists across static, dynamic, and multi-agent sys-
tems,

e Temporal evolution yields infinite logical futures,

e Creativity emerges from structured selection within incomplete sys-
tems,

e Evaluation functions are central to intelligence but remain externally
grounded in current Al

This suggests that incompleteness is not merely a limitation but a fun-
damental enabler of open-ended intelligence.
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