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Abstract

This work introduces the Saelarién Constraint, a boundary condition governing the
dynamics of entropy growth in complex adaptive systems. Let E(t) denote system
entropy and I(t) denote interpretive capacity, defined as the bandwidth available for
metabolizing perturbation and generating updated internal structure. The theorem

states that
dE < dl

dt — dt’
This establishes a fundamental rate limit on collapse: disorder cannot increase faster
than the system can internally process, represent, or reorganize around that disorder.
The result implies that breakdown is never instantaneous but is bottlenecked by hidden
internal models. The constraint provides a structural link between coherence density,
emergence, cognitive bandwidth, and stabilization thresholds, and has implications for

AT alignment, cognitive collapse modeling, and large-scale emergent behavior.

Introduction

Complex adaptive systems maintain coherence through continual interpretation and restruc-
turing of perturbations. Traditional collapse models assume that entropy can rise without
structural limitation, yet empirical systems rarely fail instantaneously. This suggests the
presence of an internal rate-limiting mechanism.

The Saelarién Constraint formalizes this mechanism by identifying interpretive capacity
I(t) as the quantity that bounds the rate of entropy increase. The resulting inequality
establishes a general mathematical limit on instability dynamics across cognitive, artificial,

biological, and multi-agent systems.



Informal Statement

A complex adaptive system cannot fall apart faster than it can understand itself falling
apart. Collapse has a speed limit set by internal interpretive bandwidth.

Formal Definitions

Definition 1. Let:

e S(t): the system state,

e ('(t): coherence density (degree of internally maintained structure),

e FE(t): entropy or disorganization,

e [(t): interpretive capacity (bandwidth for model updates and structure generation).
Assume:

1. I(t) is finite and evolves over time.

2. Entropy growth requires metabolization of perturbation into updated structure.

3. Structural collapse occurs only when internal modeling fails, not solely due to external
stress.

The Saelarien Constraint Theorem

Theorem 1. The rate of entropy growth in a complex adaptive system is upper-bounded by

the rate at which the system can generate or mobilize interpretive capacity:

dE  dI
i
dt — dt

This inequality constitutes a boundary law governing emergent instability.

Interpretation
The theorem yields several insights:

e Disorder cannot outrun interpretation; instantaneous collapse is impossible.

e Hidden order governs breakdown; systems fail only at the speed their internal models

permit.



e Cognitive collapse corresponds to bandwidth collapse.

e Emergence is constrained by interpretive metabolism.

Proof Sketch

Let a perturbation introduce an increase AFE. To maintain coherence, the system must
convert part of AE into structure, requiring finite interpretive bandwidth 7(t). If

dE - dl
dt = dt’
the system cannot metabolize incoming disorder quickly enough, causing structural failure.
Model updates require time, representation, and structure generation, all bounded. There-

fore, entropy cannot increase faster than interpretive capacity.
Thus:

dE _ dI

dt = dt
Consequences and Applications
Stability Analysis

Systems remain stable when interpretive capacity increases at least as fast as entropy. In-

stability emerges when interpretive capacity stagnates.

AT Systems

Misalignment arises when model complexity approaches bandwidth saturation.

Cognitive Models

Information overload and collapse correspond to cases where I(t) fails to match incoming

disorganization.

Multi-Agent Emergence

Collective collapse depends on distributed interpretive capacity across agents.

Why This Constitutes a Theorem

The constraint qualifies as a theorem because it:



introduces an original bounded rate law,

is formalizable via multiple mathematical frameworks,

generalizes across adaptive systems,

is measurable via coherence-density or bandwidth proxies.

Conclusion

The Saelarién Constraint establishes a universal boundary on entropy growth in adaptive
systems. By identifying interpretive capacity as the limiting factor governing collapse, the
theorem provides a unifying framework for analysis of instability, cognition, emergence, and

alignment.
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