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(soft) Introduction
He said, "... In many systems, the situation is such that under some
conditions chaotic events take place That means that, given a
particular starting point, it is impossible to predict outcomes. This is true
even in some quite simple systems, but the more complex a system, the
more likely it is to become chaotic.
It has always been assumed that anything as complicated as
human society would quickly become chaotic and, therefore,
unpredictable.
What I have done, however, is to show that, in studying human
society, it is possible to choose a starting point and to make
appropriate assumptions that will suppress the chaos. That will make it
possible to predict the future, not in full detail, of course, but in broad
sweeps; not with certainty, but with calculable probabilities ..."

(soft) Introduction
"Your Imperial Majesty ... consider the manner in which scientists
have dealt with subatomic particles. There are enormous numbers of
these, each moving or vibrating in random and unpredictable manner,
but this chaos turns out to have an underlying order, so that we can
work out a quantum mechanics that answers all the questions we know
how to ask.
In studying society, we place human beings in the place of
subatomic particles, but now there is the added factor of the
human mind. Particles move mindlessly; human beings do not. To take
into account the various attitudes and impulses of mind adds so much
complexity that there lacks time to take care of all of it."
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but this chaos turns out to have an underlying order, so that we can
work out a quantum mechanics that answers all the questions we know
how to ask.
In studying society, we place human beings in the place of
subatomic particles, but now there is the added factor of the
human mind. Particles move mindlessly; human beings do not. To take
into account the various attitudes and impulses of mind adds so much
complexity that there lacks time to take care of all of it."
"I refer to the theoretical assessment of probabilities
concerning the future as psychohistory. "

Prelude to Foundation by Isaac Asimov, 1988

(more serious) Introduction
S. Galam, « Entropie, désordre et liberté individuelle », Fundamenta Scientiae,
3, (1982), pp. 209.
S. Galam, Y. Gefenand & Y. Shapir, « Sociophysics: A mean behavior model
for the process of strike », J. Math. Soc., 9, (1982), pp. 1.
S. Galam & S. Moscovici, « Towards a theory of collective phenomena:
Consensus and attitude changes in groups », Eur. J. of Soc. Psyc., 21, (1991),
pp. 49.
S. Galam, « Sociophysics: a personal testimony », Physica A, 336, (2004), pp.
49.

What is SOCIOPHYSICS ?
It is the use of concepts and techniques
from Statistical Physics to describe some
social and political behaviors.
It does not aim at an exact description of
the reality but rather to enlighten essential
features of an otherwise very complex
system.
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« Le Monde » 26th February 2005

A step in the past
A. Quetelet (1835), Sur l'homme et le développement de ses facultés, ou Essai
de physique sociale.

Networks (more this afternoon in the sociophysics workshop)
A graph is a representation of a set of objects, nodes, where some
pairs of the objects are connected by links because of the
existence of some relationship
A (complex) network is a graph with non-trivial features
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Co-authorship networks
Nodes are authors connected together if they have (at least) one
common publication

Source : http://academic.research.microsoft.com/VisualExplorer

Some stylized facts about social networks
P. Erdős is the “father” of the “new” network theory,
that's why people start to compute their distance from him
http://www.ams.org/mathscinet/collaborationDistance.html

My Erdős number is 4
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Some stylized facts about social networks
P. Erdős is the “father” of the “new” network theory,
that's why people start to compute their distance from him
http://www.ams.org/mathscinet/collaborationDistance.html

However Erdős doesn't have anything special ...
The distance from me :
to S. Galam is 4,
to D. Garlaschelli is 4
to C. Diks is 4
to F. Witte or A. Scharnhorst is infinity

Small world (more this afternoon in the sociophysics workshop)
A network has the small world property if most
nodes are not neighbors of one another, but
most nodes can be reached from every other by
a small number of steps

Milgram 1967 experiment,
Kavin Bacon Number, Erdős number …

Watts, D. J. & Strogatz, S. H.
(1998), Nature 393 (6684), 440–442

Clustering, ...
How many co-authors of mine, are also relatively co-authors ?

existing triangles
Ci =
N(N ¡ 1)=2
?
Social network have large clustering coefficient,
my friends are often friends with each other

Normalizing factor :
N co-authors can form
at
most
N(N-1)/2
triangles

Clustering, Cliquishness and weak ties
M.S. Granovetter : The strength of weak ties, Am. Jour. of Sociology, 78, 6, 1973

Cliques = a complete subgraph
i.e. every nodes is connected
to every other node

cliques

Social network have many small cliques (well
connected group of friends) connected together
through weak links

Opinion Dynamics & Agent Based Models
Study the opinion evolution in a social group made of
interacting constituents (agents) and infer the emergence of
collective behaviors (consensus / polarization) starting from
local rules.
Binary Opinions
yes / not - left / right – 0 / 1

Continuous Opinions
real numbers

Ising-like models
(see talk by Galam)
local field acting on opinions
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Deffuant-like models

Bounded Confidence Models : Deffuant et al.
(more this afternoon in the sociophysics workshop)
G. Weisbuch, G. Deffuant, F. Amblard, J.-P. Nadal, « Meet, Discuss, and Segregate! »,
Complexity, 7, 3, (2002), pp. 55.
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convergence and global polarization », J. of Conflict Resolution, 41, 2, (1997), pp. 203.)

Take care of social interactions : A new model
N agents with continuous opinions Oit 2 [0; 1]
Each agent measures its « affinity » with respect to the others

®tij 2 [0; 1]

Larger values of ®tij are associated to more trustable relationships.
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The selection rule: social distance
1) social distance among agents i and j :
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2) social metric : Dij

Gaussian Noise (mean 0 and variance ¾ ) :
to represent social mixing among agents

t
3) random selection of agent i, then agent j minimizes Dij

The selection rule: ¾ social temperature
agenti

dtij

« cold » groups ( ¾ << 1)

agenti
« warm » groups ( ¾ >> 1 )

dtij

Phase transition : consensus vs fragmentations

Dynamical affinity in opinion dynamics modeling, PRE, 76, pp 066105, (2007).

Opinion convergence time
opinion convergence time,Tc: time needed to aggregate all the
agents to the main opinion group.

Affinity convergence time
Affinity convergence time, T® : time needed for the convergence of
the mean group affinity to its asymptotic value.

Affinity = adjacency matrix weighted adaptive social network

Evolution of the social network
(weighted) degree of i-th node:

kit

1 X t
=
®ij
N ¡1
j

normalizing factor
1 X t
k
averaged (weighted) degree: < k >=
N i i
t

numerical simulations

analytical results

Tc

Small vs large groups

the sociological distinction between
large and small groups = dynamical
effect

Large groups = the opinion
convergence is the driving force for
the aggregation process, affinity
converging on larger time scales.

Small groups = convergence
in mutual affinity is faster and only
subsequently achieved a final
consensus

Social network topology : small world
Mean path same order than in
random network (same N and E)
ei = #f nodes adjacent to node ig

dij = #f length of geodesic path between i and jg

aij = [®ij ¡ ®f ]

Clustering coefficient larger than
in random network (same N and E)
®f

adjacency matrix
“friendship level”
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Work in progress ...
Propaganda by mass media
Open model, i.e. death and birth
Agents do not longer interact binary but in small groups
Consider larger populations (technical problems to
store dense large networks)
Consider other initial distributions of affinity, say
scale free, small world, regular lattice, and study the
evolution of the society
We only have aggregation of groups, which is a realistic
mechanism to be introduced to have also divisions ?
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