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Abstract

Civilizations have been extensively analyzed through historical, economic, and sociological perspectives,
yet no formal preservation condition has been mathematically defined. Existing collapse theories describe
failure mechanisms but rarely specify structural criteria for persistence.

This paper introduces the Civilization Preservation Principle (CPP), a formal framework modeling
civilization as a dynamical decision system with measurable structural instability. Civilizational instability
is defined as a weighted functional of normalized structural variations, including resource redistribution,
responsibility reallocation, institutional reconfiguration, payoff redistribution, and centrally, structural
entropy derived from reconstructibility of decisions.

Structural entropy is operationalized via reconstruction loss conditioned on decision traces, rendering
explainability measurable and designable. Collapse is modeled as a probabilistic phase transition governed

by a failure function:

Rﬁ = O—(H(It - @)),

where [; is an integrated instability functional, © a preservation boundary, and « a critical sharpness
parameter linked to institutional redundancy.
The CPP provides a measurable preservation condition, shifting civilizational analysis from descriptive

narratives of collapse to mathematically defined structural thresholds.
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1 Introduction

Civilizations have been described as cultural, economic, or political systems. However, their long-term
persistence has not been formalized as a measurable structural property.

We propose that civilization is fundamentally a dynamical decision system. Its preservation depends
not on moral alignment, but on structural explainability—specifically, the ability to reconstruct critical
decisions from preserved traces.

The central claim is:
A civilization remains preservable if and only if its structurally critical decisions remain
reconstructible within bounded failure probability.
2 Civilizational Dynamics
Let civilization at time ¢ be characterized by:
e State: x; € X
* External input: u; € U
* Decision output: y; = Dy(x¢, uy)
Define normalized structural variations:
Zt = (0t7Rta gt,ﬁnﬁt)T
where all components are dimensionless:
. 0t: normalized resource redistribution
* R;: normalized responsibility redistribution
« S;: normalized institutional reconfiguration

* H,: normalized structural entropy

« TI,: normalized payoff redistribution



3 Structural Entropy and Reconstructibility

Let decision trace 73 record relevant decision metadata.

Define reconstruction model:

Z)t - R(Tta Tt ut)

Structural entropy is estimated via reconstruction loss:

ﬁftruct — Z w(D)E [_ ]()g QR(yt | Tty Tt, Ut)]
DeKy

Normalized:

77struct
= Ht
Hy

H, =
Structural entropy measures irreducible uncertainty of decisions conditioned on their traces.
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Figure 1: Structural Reconstruction Model. Explainability is operationalized as reconstructibility of

decisions from trace data.



4 Integrated Instability Functional

Define civilizational instability:

It = ’lUTZt

with weight vector w = (a,b,c,d,e)".

Weights correspond to relative sensitivity of failure probability.

I=aU+bR+cS+dH +ell
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Figure 2: Instability functional decomposition. The polygon represents normalized structural variations,

while the dotted ring indicates the preservation boundary I = ©%,



S Failure Probability and Preservation Boundary

Collapse is modeled as a probabilistic phase transition:

Pt = O'(H(It - @))
Preservation requires:

*

p
1—p*

1
I; <©%(p*) = O + —log
K
Under dominance condition d > a, b, ¢, e, structural entropy threshold becomes:

O*(p*) — (aﬁmin + bRumin + CSmin + eﬁmin)

h* =
d
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Figure 3: Civilizational phase transition: failure probability as a sigmoidal function of integrated instability.

Larger redundancy yields smaller critical sharpness x (smoother transition).



6 Dynamical Stability

Let:

zip1 = F(2)

Define Lyapunov candidate:

Viz)=w'z

Civilization remains locally stable if:

V(Zt) S @*, V(Zt+1) — V(Zt) S 0

Critical sharpness is defined as:

k=4 —
dl |;_e
and relates inversely to institutional redundancy:

Ko
Rred

R =

7 Discussion

The CPP reframes civilizational collapse as a phase transition driven by accumulated structural instability.

Unlike descriptive collapse theories, CPP provides:

* A measurable instability functional
* An operational definition of structural entropy
* A probabilistic preservation boundary

* A dynamical stability condition

Explainability is not ethical; it is structural.

8 Conclusion

Civilization is not merely a cultural achievement but a continuously stabilized informational structure.
Preservation is possible only when instability remains bounded and critical decisions remain
reconstructible.
If collapse is a phase transition, preservation is not an aspiration but a mathematically defined structural

condition.



