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Examples of complex networks:

• Internet

• Citation networks

• Transport networks

• Protein interaction networks

• Food webs

• Social networks, e.g. collaboration networks, friendship 
networks...

The friendship network from Zachary's 
karate club study

M. Girvan and M. E. J. Newman, PNAS | June 11, 2002 | vol. 99 7821 
W.W. Zachary (1977) J. Anthropol. Res. 33, 452-473



Local properties

node degree: numbers of links 
arriving at one node
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Theoretical prediction

the degree distribution is 
known to behave like power-
laws in many situations, 
usually with an exponential 
cut-off



Local properties

clustering coefficient: number of triangles

local correlations: assortativity...

High-degree vertices prefer to attach other 
high-degree vertices (social networks)
High-degree vertices prefer to attach low-
degree vertices (technological networks)



Global properties

distance: length of the 
shortest path between 
nodes
small-world behaviour

d ∼ lnN



BA model: C=0, r=0, l=log(log(N))



Questions

• How do these networks evolve and structure themselves?

• How do the properties of the nodes evolve on such 
complex topologies?

Copying mechanisms, redirecting mechanisms, ageing...

Majority and Unanimity models, role of communities...







“All-or-none” model

At each time step, a new node 
randomly connects to a target 
node.  With probability p, all 
the neighbours of the target 
node are linked; otherwise, 
none is linked.

With P. Krapivsky



By construction, starting from 1 root node, the system grows (N+1 
nodes after N steps) and behaves like:

What are its properties 
when                   ?p ∈]0, 1[

Purely random
network when p=0

Fully connected
network when p=1



mk = (1 − p)δk,1 + p
Nk−1

N

dNk

dN
=

Nk−1 − Nk

N
+ p

(k − 1)Nk−1 − kNk

N
+ mk

The degree distribution satisfies the non-trivial set of equations:

The oversimplified model reproduces all the 
characteristics of social models
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Distance distribution in the “all-or-none” version of the model

P (d, N + 1) =

[

1 +
2p

N

]

P (d, N) +
2(1 − p)

N
P (d − 1, N)

d ∼ 2(1 − p) lnN

while the fluctuations are gaussian and asymptotically vanish.

The oversimplified model reproduces all the 
characteristics of social models



The oversimplified model reproduces all the 
characteristics of social models

Non-vanishing clustering coefficient C = 3p/(1 + 2p)
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The oversimplified model reproduces all the 
characteristics of social models

Positive assortativity r =
p(9 − 14p + 11p

2)

2 + p − 5p2 + 2p3
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Majority model: role of communities
In a network composed of N persons, 3 people meet at 
each time step and adapt the opinion of the majority. ! No 
randomness, except in the selection of the three nodes.

With J. Holyst



Role of communities

N = 20

ν = N0/N

ν = 0 ν = 0.3 ν = 1



A simple model but lengthy calculations...
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Majority model: role of the degree distribution
At each time step, one node is selected. Two processes:
i) With probability q, random change
ii) Else, 2 people around him reach local majority



Dichotomous networks
There are two kinds of nodes, each kind i being 
characterised by a degree ki
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Order-disorder 
transition



Degree diversity displaces the location 
of the transition
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Degree diversity implies a non-
equipartition of the opinion between 
species
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Summary

• Simple model for social networks that reproduces 
qualitatively many empirical features

• Information networks: ageing and redirection may lead 
to qualitative changes in the structure

• Role of communities: co-existing communities

• Role of the degree: non-equipartition of opinion

• Unanimity model: “critical mass”
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