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What is Sociophysics !

e Quantitative laws in the collective properties of a large
number of people.

e Quantitatively understand how statistical laws arise out of the free
will of single individuals

e Recently transformed from a philosophical declaration of
principles to a concrete research.

e Opinion dynamics, cultural dynamics, language dynamics,
crowd behavior

e Using methods from statistical physics to solve social problems.




Map Opinion Dynamics to Physics Problems

T'he Basic Questions
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Map Opinion Dynamics to Physics Problems
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Some Important Definitions for networks

1

e Network size, N = total # of nodes 2_ node
N3~

e Glant Component (GC): / \, edge

»The largest cluster of connected nodes 4 \

»Size of the GC 57 : total # of nodes in the GC 5

» s; = S1/N, fraction of nodes in the GC
» S5 size of the second largest cluster

e Critical threshold f. , such that the GC dose not exist below f.

, and GC begin to exist above f.




Different

Networks

e ER networks: random graphs, degree follows a poisson distribution

e SF networks: degree follows a power law distribution
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Motivations & Questions

Why NCO Model and What is the NCO rule?

In the NGO model, an agent will follow the opinion of
its local majority which include agent’s own opinion
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a) Ma._]omt,y t=0

e S e

Majority Model

.VS. NCO Model

(a) NCO t=0 i

B —

Consider the agent’s own opinion

leads to non-consensus state
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Motivations & Questions

Why Directed Network?

johncmayer

How Directionality

Influence the \ }f%

Opinion Dynamics ?
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| Demo of NCO on Directed Network |
| (a)t=0 (b) t=1 i
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The directionality ¢ and in-degree out-
degree correlation p
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Directionality-increasing rewiring (DIR)

A rewiring approach that changes the directionality but does not change
the in-degree and out-degree of any node
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| Constructing an asymmetric in-degree and out-
degree network and rewiring it to decrease its
directionality (ANC-DDR)

Asymmetric in-degree and out-degree Network Construction

. Generate an in-degree sequence and a null out-degree |

sequence

2. Copy a fraction p of the in-degree sequence to the out

degree sequence

3. Shuttle the fraction 1-p o

e ————— e — e+ —— —_— —— —— — .—-.-“--—-1-

- the in-degree sequence as the

rest of the out-degree sec

4. Randomly connecting all nodes based on their in and

out degree

A network with a directionality { —>1 and in and out
degree correlation close to p

uence
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Censtructmg an asymmetrle in- degree and out-
degree network and rewiring it to decrease its

| directionality (ANC-DDR)

Directionality Decreasing Rewiring
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NCO Model on Directed Networks

* The influence of directionality (in-degree=out-degree)

ER Network SE Network

Increasing directionality helps the majority to
eliminate the minority and pushing the system
undergoes an abrupt phase transition
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| NCO Model on Directed Networks

| * Directionality helps the opinion to spread

0\ /0

0/ \0
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Opinion 1s spread out

Opinion 1s confined
within a group
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NCO Model on Directed Networks

 The influence of in-degree and out-degree asymmetry

cop=0

ool

04 | 0.6 | 0.8
f

ER network with ¢=0.6 SE network with ¢=0.6

Decreasing the in-degree and out-degree correlation
helps the minority to survive




NCO Model on D1rected Networks

* The influence of 1n- degree and out- degree asymmetry
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Help to hold the . More likely be :
minority opinion and 1nﬂ}1e.nced by majority
spread its opinion opinion but hardly to
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| NCO Model on Directed Networks

 The influence of in-degree and out-degree asymmetry

Minority
45 Out-degree > In-degree
Majority
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NCO Model on Directed Networks
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 Increasing directionality helps the majority
opinion to spread

* Increasing the asymmetric between 1n and out
degree helps the the minority to survive
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Proof of minimum directionality

27],\; N+1 |Ki,in = Kz’,out‘
E(&min) = E( - )

Zq{il(Ki,in i Kz’,out)
= (1 s IO)E( N|Kin = Kout|
quj\il(Ki,in = Ki,out)
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Proof of minimum directionality

k=0

1=0 1=k

EMax(Kin, Kou)| — EMin(Kin, Kout)
2k

E(gmin,p:O) —

PriMin(Kiy, Kout) = K]
= Belhs = k\Pr Kouw = k| + PriK. = kBeiies =

=
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Proof of minimum directionality
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NCO Model on Directed Networks

* The influence of directionality
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Increasing
directionality
mainly changes
larger degree
minority nodes
opinion

b

As directionality
increases, only the
low-degree agents
are able to keep the

minority opinion













OUTLINE

<= What is Sociophysics?
| = Motivations & Questions

- NCO Model on Directed Networks

o

<+ Conclusions




