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Self-actualization

Friendly and hostile relations
distributed in a complete social network

random configuration
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BALANCED TRIADS
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THE PSYCHOLOGICAL REVIEW

STRUCTURAL BALANCE: A GENERALIZATION
OF HEIDER'S THEORY'!

DORWIN CARTWRIGHT AND FRANK HARARY
Research Center for Group Dynamics, Undversity of Michigan

Df: A graph is balanced
if all its cycles are positive.

Structure theorem: A graph is balanced
iff its points can be separated into two
mutually exclusive subsets such that
each positive line joins two points of the
same subset and each negative line joins
points from different subsets.

DPC, social psychologist



Dissonance about interpersonal relations is removed, if :
- A friend of my friend is my friend

- A friend of my enemy is my enemy

- An enemy of my friend is my enemy

- An enemy of my enemy is my friend

balanced configuration



outline

Gtates Of relations modelled by:

- heat bath simulation

- synchronous cellular automata, local and global
- sets of ordinary differential equations

New results:

- critical temperature vs topology

- synchronous dynamics: long cycles
- relations between opinions
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2 seminal papers:

Dynamics of social balance on networks
Phys. Rev. E 72 (2005) 036121

Social balance on networks:
The dynamics of friendship and enmity
Physica D 224 (2006) 130
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|. Local Triad Dynamics - sequential
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- select a link randomly,
- change its sign, if the total number o
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Examples of jammed states for N=9 - only positive links are shown.




The process to reduce the cognitive dissonance
could minimize a work function — a kind of energy

U =- Z Sij S jik ki

1> >k

where Ski — _1 is the relation between kand i,
friendly or hostile



a completegraph T > (0

Different initial states:
*  Random links

A2 1| @ All negative links
O All positive links
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F. Rabbani, A. Shirazi, G. Jafari, Phys. Rev. E 99 (2019), 062302



a complete graph effective field acting at s(ij)
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FIG. 3: Time evolution of density p(t) of positive links for N = 256, (a) T = 20, (b) T = 120.

K. Malarz, K. K., Phys. Rev, E 103 (2021) 066301



256 .

128

100 144 196 256 324 400
N
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triangular lattice —
zero-energy domain wall
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K. Malarz, M. Wotoszyn, Chaos 30, 121103 (2020)
K. Malarz, M. Wotoszyn, K.K., Physica D 411 (2020) 132506




t — 1 \ A \A A/
— /NN NNNVYN YN\
. \/ 'N\A/\4 Y'\/V\4

VA V A A AV

A AVAVA. AVA AVA WWAVAVAVA. A A AV
V#VA AVAY VAV TA/ /Y \AA/\

AV Vi PVATAY VAT Local neighborhood:
VAVAVAVAVA VAVA AVAVAVAN

A AVAV 'V  AVAVAVAVAVAVAN 1
AVAVAVAVAY 4V VAV VA imbalanced steady
\VAVA. AVAV/ X#A# %X AAVX#XVA V#
w Vi VAVA VAVAVA configurations
AVAVAVAVAV VAVAY AVAVAVA AY VWA
\4 /\ VN\AA/ VYV \/ A/




Sij (t +1) — Sign[sim g__)smj (t) T Sin (t)snj (t)]

K. Malarz, .
M. Wotoszyn, K.K., .’
Physica D 411 J
(2020) 132506 1




complete graph, synchronous CA,
global neighborhood

s, (t+1)=signy ' s, ()5, (1)

M. J. Krawczyk, K. K., Z. Burda,
Towards the Heider balance
-- a cellular automaton

with a global neighborhood,
arXiv:2105.04010
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Continuous-time model of structural balance
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Fig. 10. Evolution of the major relationship changes between the protagonists of World War I from 18721907,



Fig 6. Network of relationships in the Middle East. Graph with the relationships between 21 different
“agents” in the Middle East as reported by The Economist in December 2015 [24]. We discriminate between
enemies (red), allies (blue) and neutrals (no link). We use the following abbreviations to specify the nodes:
Moderate Sunni Arab opposition (SYR OP); Syrian government (SYR GOV); Syrian Kurds (SYR KUR); Iraqgi
Kurds (IRQ KUR); Iragi Shia militias (IRQ MIL); Iragi govemment (IRQ GOV); Turkey (TUR); Israel (ISR);
Russia (RUS); USA and E.U (US&EU), Saudi Arabia & Arab League (SAU); Iran (IRN); Al-Qaeda/Jabhat al-
Nusra (AL-Q); DAESH or ISIS (DAESH). The node “US&EU" represents 8 agents (US, Australia, Belgium,
Canada, France, Germany, Netherlands and United Kingdom).

A M Belaza et al., PLOS One 12 (2017) e0183696



How far is the final balanced state from the balanced state most close to the initial one?
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Data collected by the National Opinion Research Center in 44 American states

in 1974-1988 [P. Brace et al., Amer. J. Political Science, 46 (2002) 173]
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The symmetric matrix r(i, j) of Pearson correlations of opinions on nine issues, collected insRef.-°.

Tolerance (more tolerance)
Race (less racist)

Abortion (more pro-choice)
Religiosity (more religious)
Homosexuality (more acceptant of homosexuality)
Public feminism (more acceptant of women’s rights)
Environment spending (support higher government spending

on the environment)

Welfare spending (support higher government spending on welfare)
9. Death penalty (support for death penalty)
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The data handling:

s{t=0)=r(i,j) |+

ds..

J

dt

(1_ Si? ) Z SikSkj

k

=> a balanced state

Result - portraits of voters:
4,8vs 1,2,3,5,6,7,9
=religiosity + welfare spending vs other issues

is interpretable within

the Comfort Hypothesis* by Earl Babbie:

,Parishioners whose life situations most deprive them
of satisfaction and fulfillment in the secular society
turn to the church for comfort and substitute rewards.”

* E. Babbie, The Practice of Social Research, 2007
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Concluding, the following results have been highlighted:

- role of topology and initial states,
- long limit cycles,
- a new application to social opinions

and the related problems are:

- why T_=0 for triangular lattices?
- what the long cycles mean?
W

nat other applications?

THANK YOU
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a(s,1) - support for issue i in state s, averaged over years
a(1) - support for issue 1, averaged over states

Y (a(s,i)-a@))(a(s, j)-a(j))
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r(God, Money) = 3><—125[2X 4+ (-2)x(—4)+3x2+(-3)x(-2)] = 3,7
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