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Abstract

Biological evolution explains how organisms survive by mutating and selecting traits
that sustain viability under environmental pressure. This paper proposes an analogous,
engineering-oriented framework for societal evolution, treating a society (country) as a com-
plex adaptive system whose viability emerges from the interaction of institutions, physical
infrastructure, and digital communication architecture.

We introduce Evolutionary Societal Scaling (ESS), a computational model that decom-
poses society into elementary social components, embeds them within institutions, constrains
interaction through physical and digital topologies, and evaluates outcomes using fitness his-
tory. From this, ESS derives both a Societal Value (SV) and a Societal Dynamics Signature
(SDS)—a structured representation of how a society functions and behaves.

ESS is designed not as a sociological narrative, but as a systems-engineering framework

suitable for simulation, comparison, and downstream cognitive and social modeling.

1 Motivation

Most existing social, economic, and political models fail in one of two ways:
1. Over-aggregation: Societies are treated as monolithic actors.

2. Over-atomization: Individuals are modeled without stable institutional or infrastruc-

tural context.

As a result, institutional change is treated as exogenous, infrastructure is backgrounded, and
societal behavior cannot be simulated with causal fidelity. ESS addresses this gap by identifying

the elementary units of societal evolution and the interaction substrates that constrain behavior.

2 Society as an Evolving System

ESS treats society as an evolving organism.



Biological System Societal System

Organism Society (country)

Organ Social element (law, markets, communication,
etc.)

Phenotype Institution

Gene Social component

Environment Physical + digital constraints

Fitness Viability across multiple dimensions

Societies do not evolve by ideology alone. They evolve by selecting coordination mechanisms

that work under pressure.

3 Societal Functional Elements

ESS models society as a set of non-negotiable functional elements:
e Order — Law
e Knowledge — Education / Science
e Health — Healthcare
e Communication — Telecoms
e Transportation — Transport
e Trade — Industry / Markets
e Belief — Religion / Culture
o Leisure — Entertainment
e Protection — Defense

Failure in any one element destabilizes the whole system.

4 The Societal Scaling Ladder

ESS enforces a strict decomposition hierarchy.

4.1 Human Concepts

Innate, evolutionarily shaped needs such as order, exchange, safety, and belonging.

4.2 Social Concepts

Group-scaled expressions of human concepts such as law, markets, and education.



4.3 Institutions

Formalized infrastructure enabling scale such as courts, schools, hospitals, and ISPs.

4.4 Social Components

The smallest selectable units: rules, protocols, incentives, and norms.

Social components are the genes of society.
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Figure 1: Societal Scaling Ladder from human concepts to social components.

5 Binary Trade-offs at the Elementary Level

At sufficient resolution, social components resolve binary tensions such as:



Freedom vs Control

Speed vs Due Process

Centralization vs Localism

Rehabilitation vs Punishment

e Transparency vs Security

Each component selects one polarity and applies it with an enforcement strength. This

enables deterministic selection dynamics.

6 Mutation and Selection in Societal Systems

6.1 Mutation

Variation occurs through parameter changes, structural changes, recombination across institu-

tions, protocol reordering, authority reassignment, and normative drift.

6.2 Selection

Components are retained if they improve societal fitness, reduce volatility, or maintain critical
constraints. Path dependence is explicitly modeled: some components persist because they are

costly to remove.

7 Institutional Fitness

ESS evaluates institutions over time using a fitness vector:
e Stability

Resilience

Productivity

Legitimacy

Adaptability

Cohesion

Fitness history captures baseline performance, trends, volatility, and shock recovery behav-
ior. This forms the Institutional Fitness Value (IFV).

8 Interaction Substrates: Why Institutions Are Not Enough

Institutional evolution alone does not determine social dynamics.

Social behavior is constrained by:

e physical infrastructure, and



e digital communication architecture.

ESS therefore models society across multiple interaction substrates.

9 Societal Topology Layer (STL): Physical Infrastructure

The Societal Topology Layer (STL) models the physical construction of society as a weighted
spatial graph.
STL includes:

e neighborhoods,

e business districts,

e service hubs,

e transport networks.

STL determines:

e who can meet,

e how costly movement is,

e access to opportunity and services,
e spatial segregation and mixing.

STL produces metrics such as mobility efficiency, service accessibility, physical access in-
equality, hub concentration, and physical resilience. These metrics form the Physical Dynamics
Signature (PDS).

10 Digital Societal Topology Layer (DSTL): Communication and Telecoms

In the digital era, social interaction also occurs in non-spatial networks.
The Digital Societal Topology Layer (DSTL) models:

e telecom infrastructure,

e [SPs and internet exchange points,
e platform edge regions,

e attention-routing mechanisms.

Although the internet is global, network effects are often local, with asymmetric global
influence—most notably from the United States as a dominant cultural exporter.
DSTL captures:

e digital locality,

e external influence asymmetry,



e platform and ISP concentration,
e digital access inequality,
o digital resilience.

These metrics form the Digital Dynamics Signature (DDS).
DSTL is anchored under Communication — Telecoms and evolves in response to telecom

institutional change.

11 Individuals, Groups, and Emergence
ESS assumes:
e cognition occurs at the individual level, and

e groups emerge via network effects, not as cognitive entities.

Physical (STL) and digital (DSTL) topologies determine interaction probability, exposure
frequency, and reinforcement loops. Groups are therefore emergent patterns formed by con-

strained interaction, not primitives.

12 Societal Valuation

ESS computes a scalar Societal Value (SV) by combining three layers:
e [Institutional Fitness Value (IFV)
e Physical Topology Value (PTV)

e Digital Topology Value (DTV)

SV=a-IFV +b-PTV +c- DTV
The weights are scenario-dependent.

SV answers the question: How wiable and valuable is this society as a system?

13 Societal Dynamics Signature (SDS)

Beyond value, ESS produces a Societal Dynamics Signature (SDS):

SDS ={IDS, PDS, DDS}
where:
e [DS describes institutional tendencies,
e PDS describes physical interaction structure,
e DDS describes digital interaction structure.

SDS answers the question: What kind of society is this, structurally and dynamically?



14 Cross-Layer Coupling Dynamics

ESS is not a set of parallel descriptive layers. It is a coupled dynamical system in which
institutions, physical topology, digital topology, and fitness continuously influence one another

over time.

14.1 State Variables

At timestep ¢, ESS represents society using four major state blocks:
e [; = Institutional state
e P, = Physical topology state (STL)
e D, = Digital topology state (DSTL)
e [, = Fitness state

where:

F, = [Stability, Resilience, Productivity, Legitimacy, Adaptability, Cohesion]

14.2 Core Dynamical Principle

ESS evolves according to:

(It, P, Dy, Fy) = (Liv1, Pey1, Diga, Figa)
Each layer both:
e contributes directly to societal fitness, and

e changes the selection pressure acting on the other layers.

14.3 First-Order Update Equations

Institutional update
It+1 = (bI(It) Pt7 Dta Ft) Et)

Institutions evolve in response to prior institutional structure, physical topology stress,
digital topology stress, current fitness, and environment.
Physical topology update
Pt+1 = (PP(Pta Ita Ft) Et)

Physical topology evolves in response to prior infrastructure, institutional planning and

investment, available fitness resources, and environmental constraints.



Digital topology update
Dt+1 - (bD(Dtv It7 Pta Ft7 Et)

Digital topology evolves in response to telecom institutions, physical deployment constraints,

system resources, and external digital influence.

Fitness update
Fip1 = @Iy, Py, Dy, Ey)

Fitness is the system-level outcome of institutions operating over physical and digital inter-

action substrates.

14.4 Primary Cross-Layer Couplings

Physical topology — institutional evolution Access inequality, segregation, low service

reach, and weak resilience create pressure for institutional adaptation.
Al x gp(F,)

Digital topology — institutional evolution Digital hub concentration, external influence
asymmetry, access inequality, and low resilience create pressure for telecom, legal, cultural, and

defense adaptation.
AT o< gp(Dy)

Institutions — physical topology Institutions reshape built infrastructure through trans-

port development, service hub placement, public investment, maintenance, and neglect.
AP hP(It,Ft)

Institutions — digital topology Institutions reshape digital structure through telecom

licensing, competition design, interconnect policy, and infrastructure incentives.
AD X hD([taFt)

Physical topology — digital topology Settlement and infrastructure patterns affect digital

deployment economics and coverage.
AD X k?pD (Pt)

Digital topology — physical topology Digital access can redistribute economic activity,

reduce or reinforce hub dependence, and reshape physical opportunity gradients.

AP x kDp(Dt)



All layers — fitness Institutions, physical topology, and digital topology jointly determine

fitness.
Fryr = Wi -Yr(Ii) + Wp - ¢p(P;) + Wp - p(Dy) + e(Ey)

14.5 Fitness Distortion

ESS distinguishes between true structural fitness and experienced or observed fitness because
topology can distort how institutional performance is experienced.

Examples include:
e high physical access inequality lowering observed legitimacy,
e digital amplification distorting perceived instability.

Conceptually:

Lobs = Ltrue - 5P(Pt)

Sobs = Strue - 5D(Dt)

14.6 Matrix Representation

ESS can be written as a coupled state system:

Xt: [Ita Pt7 Dt7 Ft]T

Xip1 = AXy + Buy + N(Xy)
where:
e A is the coupling matrix,
e wu; is the external environment,
e N(X;) captures nonlinear effects.

This provides a formal backbone for ESS simulation.

15 Outputs of ESS

At minimum, ESS outputs:
e Societal Value (SV)
e Institutional fitness history

e Institutional Dynamics Signature (IDS)

10



e Physical Dynamics Signature (PDS)
e Digital Dynamics Signature (DDS)

These outputs are interpretable, comparable, and simulation-ready.

16 Conclusion

Societies do not evolve because they are moral, rational, or just. They evolve because certain
coordination mechanisms function better under constraint.

By combining component-level institutional evolution, physical infrastructure topology, digi-
tal communication topology, fitness-based valuation, and explicit cross-layer coupling dynamics,
Evolutionary Societal Scaling (ESS) provides a rigorous foundation for modeling, valuing, and
interpreting societal dynamics in the modern world.

This framework transforms societies from abstract political entities into engineerable sys-

tems.
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