
DCS/CSCI 2350:
Social & Economic 

Networks

What can we say about a 
network having friends as well as 

enemies?
Structural Balance
Reading: Ch 5 of EK

Mohammad T. Irfan



World War I



Evolution of international relationship



Agenda

• Network of friends and enemies
• Balanced/stable configurations

Local Global

Triangles Whole network: 
battling factions



Founders

• Psychologist Fritz Heider (1940s)
• Mathematicians Cartwright and Harary (1950s)



First model (to be generalized later)

• Complete graph (edge between each pair of 
nodes)
• Each edge: either + or –
• Example: sports team, countries, etc.
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https://www.wsj.com/world/middle-east/assads-downfall-marks-a-new-realignment-in-the-middle-east-ed9cb441
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Syria: Multiple battling factions 
(Dec 2024)

Syrian gov (Assad)
Russia

Iran

Hayat Tahrir al-Sham (HTS)
Syrian National Army/Militia (SNA)

Turkey

Kurds
USA

ISIS



Balanced triangle (January 2022)
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Def. Balanced complete graph

A complete graph is balanced
  if and only if
 every triangle in it is balanced

• Example
• Isn’t this definition a little extreme?



Characterization of 
balanced complete graphs
Balance Theorem (Harary, 1953)

A labeled complete graph is balanced
 if and only if
either (i) all edges are + or
 (ii) graph consists of two battling factions

Local (triangle) à 
Global (either everyone gets along or there are two 
battling factions)



Example (January 2022)

Ukraine

Russia

USA
North Korea

+
UK

Germany

Italy

France

Japan

Canada

All edges 
in between are 

–
All edges  among 
these nodes are

+



Extensions

Ext. #1: Weakly balanced complete graphs
Ext. #2: Signed graphs (possibly non-complete)



Def. Weakly balanced triangle
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Ext. #1: Def. Weakly balanced 
complete graph

Every triangle in it is balanced 



Characterization of weak balance

• Complete graph is weakly balanced
 if and only if
    either (i) all edges + or 
     (ii) multiple battling factions

• Proof. Very similar to the previous 
characterization (with strict def. of balance)



Ext.# 2: General graphs
AKA signed graph: 
may not be a complete graph!



Def: Balanced signed graph

A general signed graph is called balanced if it 
consists of two battling factions
• Definition is not based on triangles (why?)



Characterization: balanced 
signed graph
• A signed graph is balanced 

 if and only if 
there exists no cycle with odd number of 
negative edges

• Q. What goes wrong otherwise?



Real-world examples



Liberation of Bangladesh in 1971
(Michael Moore, Journal of Social Psychology, 1978)
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