Selt-Organization
Systems Thinking - Module 5 — Emergence

Node 5.2

Position in Knowledge Graph

This node formalizes spontaneous order formation in dynamical systems without centralized control.
It builds on: - Emergent Properties (5.1)

It prepares for: - Pattern Formation (5.3) - Complex Adaptive Systems (6.1)

Self-organization describes internally generated structure.

Formal Statement / Definition / Construction

Let a system of interacting components evolve according to:

i=f(z), ze€XCR"

Let M : X — R* be a macroscopic observable.

Definition (Self-Organization)
A system exhibits self-organization if:

1. The dynamics are autonomous (no external coordinating signal),
2. There exists an attractor A C X such that

lim dist(z(¢),.4) =0

t—o0

for a nontrivial set of initial conditions,
3. The attractor corresponds to increased macroscopic order relative to generic initial states.

Formally, if entropy-like functional H (z) satisfies:

d
GHa®) <0,

and equality holds only on A, then system organizes toward ordered set A.




Assumptions and Conditions

1. System is autonomous:
&= f(x).

2. Dynamics are nonlinear.
3. Attractor is invariant:

z(0) e A= x(t) € A
4. Order is defined via coarse-grained observable M (z).

No centralized controller is present.

Proof or Mathematical Development
Attractor-Based Characterization

Let V(z) be a Lyapunov-like functional satisfying:

Then trajectories converge to largest invariant subset of:

{z:V(x)=0}.

If that subset corresponds to ordered configurations, system self-organizes.

Example: Consensus Dynamics

Consider:

where L is graph Laplacian.

Define Lyapunov function:

Then:
V(z) =2 Li=—2" L%z <0.
Trajectories converge to subspace:

T1 =Xy =" "= Tp.

Consensus state is emergent ordered structure.

No central coordinator exists; structure arises from local coupling.




Structural Role
Self-organization:

o Converts interaction rules into macroscopic order.
o Requires attractor structure.

e Connects Lyapunov theory to emergence.

e Explains spontaneous coordination.

It bridges stability theory and collective behavior.

Structural Compression
Invariant
Order emerges as attractor:

lim dist(z(¢),.A4) = 0.

t—o0

Mechanism
Lyapunov-like functional decreases along trajectories.
Cross-System Echo

o Physics: dissipative structure formation.

e Biology: morphogenesis.

e Economics: spontaneous coordination equilibria.
e Networks: distributed consensus.

Systems Thinking - Module 5 — Emergence - Node 5.2
Concepts: self-organization, emergence, dynamical-systems

Prerequisites: 5.1
Enables: 5.3, 6.1
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