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Modelling
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* McPherson, Smith-Loving, Cook, Annu. Rev. Sociol. 2001
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Models: Ltnteractions

* Carley, A.Soc.Rev. 1991
* Axelrod, J. Conf. Resolut. 1997
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0gy - horms depend

e H/omophily:‘Birds of a feather flock
together’

® Evolving/dynamic network model

A=aAo(1—A)o(c—d(Z))

2

o €.8. (I)ij — [”UJZ — Uj]

Stochastic Edge Birth and Death —_—

E(A(t + 5t)|A(t)) = A(t) + mt[ —WwA@#) o (1 — B(Z)) + (1 — A(#)) o @(Z)}
—

Grindrod, Higham, Parsons;
Bistable Evolving Networks, 201 1. death




Linear Analysis

FACTS
Graph Laplacian spectrum

All eigenvalues are real and non-
negative
Zero is always an eigenvalue
Multiplicity of zero eigenvalues =
Number of connected components
Eigenvalues of N-node connected
. L. . a*d trace
graph: 0 with multiplicity 1, N with ad-be determinant

multiplicity N-1 REFERENCE: Nakao




Linear Analysis

® Ansatz: Eigenvectors of Laplacian Node Dynamics

\ a — Dk, b [ inearisation:

c  d—oDk; fu  fo a b
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FACTS .
: Stability:
Graph Laplacian spectrum

All eigenvalues are real and non- a d < (
gl . ad — be > 0
Zero IS always an eigenvalue
Multiplicity of zero eigenvalues =
Number of connected components
Eigenvalues of N-node connected

. e e . . atd trace
graph: 0 with multiplicity 1, N with ad-be determinant

multiplicity N-1 REFERENCE: Nakao

Nakao & Mikhailov, Nature Physics, 2010




Linear Analysis

® Ansatz: Eigenvectors of Laplacian Node Dynamics

W - a — Dk; b U [Linearisation:

_”U_ I C d-O‘Dki__fU_ fufv a b
(o )=(0a)

A

Stability:
a+d<0
® Characteristic equation: ad — bc > 0

N —la+d— D1 +o)k] A +o0D?h(k;) =0
k J * a*d trace

ad-be determinant

<0 Controls REFERENCE: Nakao
system stability

Nakao & Mikhailov, Nature Physics, 2010




Linear Analysis

System stability controlled by determinant of
linearisation:

h(k) = K (ca + d) ad — bc Fully

k -
B Iy connhected

5 = 0.00 Spectrum / graph
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Example: Schnakenberg
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Reaction f(u,v) =p —uv
Equations g(u,v) = q— v+ uv

2

P—-U Parameter Conditions:
Q=V 1.5
U-+2V — 3V

For given p and g,
control instability
window with o |

and D




Dynamics

Only one dynamic - when
clique is unstable
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Symmetry

Two agents:

(w1, u2,v1,v2, A) — (u2,u,v2,v1, A)

Odd symmetry reduces system:

i = ax + by — zy® — 2D Ax
y = cx + dy + zy® — 2D Ay
A= aA(l — A)(e — z?)

I
(ul,u2,v1,’02, A) — (_ula —U2, —U1, —U2, A)




Maps

* First return map
A Ln+41

* Reduce to symbolic dynamics: ...,LLR,LLR,R,L,...
* Find sensitive dependence to initial conditions




Summary/Future

® Deterministic model has complex dynamics
® |arge scale: Predictable

® Small scale: Unpredictable

Future Work: e Polarisation phenomena?

® Embedded network

/ ® Triangulation
® Homoclinic/Heteroclinic
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