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The production of high-quality visualization has 
exploded over recent years due to the abundance of 
massive datasets and the growing demand for people 

to interact with them. Network visualization are at the 
heart of this informatics revolution that intertwines 
researches from physics, biology, computer science, 

engineering, social sciences, and the arts...
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César Hidalgo,  
Thinking outside the cube 

Good visualizations, like good theories and models, 
spark our imagination and help ignite the 

understanding of systems and their consequences. As 
the world becomes more interconnected and data 

increasingly come in petabyte batches, our means of 
communication need to evolve to pack in more 
information and be more graphically appealing. 

Network visualizations are opening a new way to 
transform data into insight.
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Significant different in average path length and clustering coefficients
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https://
research.face
book.com/
blog/three-
and-a-half-
degrees-of-
separation/
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https://
research.facebook.com/
blog/three-and-a-half-
degrees-of-separation/



Ratio of the means vs. mean of the ratios
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Mean of the ratio

C = 3
number of triangles

number of triples of vertices

=
3

8

Ci = 3
number of triangles connected to vertex i

number of triples centered on vertex i

C =
1

n

X

i

Ci =
13

30



15

 number of nodes   number 
of edges

average 
degree

average 
distance 

scaling 
exponent

global 
clustering

av. local 
clustering deg. corr.



16

Claim 
If a node A in a network 
satisfies the Strong Triadic 
Closure Property and is 
involved in at least two 
strong ties, then any local 
bridge it is involved in must 
be a weak tie.

Strong Triadic Closure 
We say that a node A violates the Strong 
Triadic Closure Property if it has strong 
ties to two other nodes B and C, and there 
is no edge at all (either a strong or weak 
tie) between B and C. We say that a node 
A satisfies the Strong Triadic Closure 
Property if it does not violate it.

David Easley and Jon Kleinberg. 
Networks, Crowds, and Markets: 
Reasoning about a Highly 
Connected World. Cambridge 
University Press, 2010.
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Cameron Marlow, Lee Byron, Tom Lento, and Itamar Rosenn. Maintained relationships on Facebook, 2009. 
On-line at http://overstated.net/2009/03/09/maintainedrelationships-on-facebook.



Neighborhood overlap
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J.-P. Onnela, et al. Structure and tie strengths 
in mobile communication networks. Proc. Natl. 
Acad. Sci. USA, 104:7332-7336, 2007.

Claim 
If a node A in a network 
satisfies the Strong Triadic 
Closure Property and is 
involved in at least two 
strong ties, then any local 
bridge it is involved in must 
be a weak tie.

N
o

=
number of nodes that are neighbors of both A and B

number of nodes that are neighbors of at least A or B

N
o

weight (w)



Today
• Homophily 

• Mechanisms underlying homophily 

• Community structure 

• Positive and negative relationships 

Idea: commonly observed network patterns help to understand interactions
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Homophily
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Racially homogeneous neighborhoods
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1940 1960

percentage of  
African-Americans  
above 0.75
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decision threshold = 3
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decision threshold = 4



Friendship network
• Middle school and high school 

• Division into densely-connected, homogeneous parts that are weakly connected 
to each other 

• Based on race and age
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James Moody. Race, school integration, 
and friendship segregation in america. 
American. Journal of Sociology, 107(3):
679-716, November 2001.



Homophile test
• p: fraction of nodes of type 1 

• q: fraction of nodes of type 2  

If the fraction of cross-type edges is significantly less than 2pq, then there is 
evidence for homophily.
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Networks with homophilic relationships
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Community
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Modularity
• Idea: number of edges within a group minus the expected number in an 

equivalent network with edges placed at random 

• For two groups:
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expected number of edges  
between i and j, if placed randomly
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Communities (Zachary karate club)
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Could the boundaries of the two clubs be 
predicted from the network structure?

Q � 0.3



Communities (Facebook)

31

Communities mean a group of friends that have a higher affinity 
to connect to each other than to nodes from other communities



Positive and negative relationships
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Assumptions
• Complete graph: Everyone has an opinion about everyone else 

• Each edge is labeled either 

“+” : friendship (fans, followers); or 

“➖ ” : antagonism (controversy, disagreement)
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Key questions 
• Possible mix of +/- relationships? 
• Relationship between local and global 

properties?
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Only one positive edge

A, B and C are mutual friends 

Balanced Unbalanced

A, B and C are mutual enemies 
 

A is friends with B and C, but they are not 

A and B are friends with C  
as a mutual enemy
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balanced network unbalanced network



Structural balanced networks
• For every set of three nodes, if we consider the edges connecting them, either: 

• all three are positive edges 

• exactly one of them is positive 

• Later: extend notion for some large percentage of all triangles are balanced
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Balance Theorem 
If a labeled complete graph is balanced, then either:  

1. all pairs of nodes are friends; or else 
2. the nodes can be divided into two groups, X and Y, such that  

- every pair of nodes in X like each other,  
- every pair of nodes in Y like each other,  
- and everyone in X is the enemy of everyone in Y.



A weaker form of structural balance
• There is no set of three nodes such that the edges among them consist of 

exactly two positive edges and one negative edge 

• Less of a restriction on the network
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Weakly Balance Theorem 
If a labeled complete graph is weakly balanced, then its nodes can be  
divided into groups in such a way that every two nodes belonging to the  
same group are friends, and every two nodes belonging to different groups  
are enemies.
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General balanced networks
• Complete graph not realistic 

• Define balance for general networks
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Balanced if the network of 
super-nodes contains no 

cycles with an odd number 
of negative edges

super-node B

super-node D

super-node A

super-node G



Approximately balanced networks
Claim 
Let ε be any number such that 0 < ε < 1/8. Define ẟ = ε1/3. If at least 1 - ε of 
all triangles in a labeled complete graph are balanced, then either: 

1. There is a set consisting of at least 1 - ẟ of the nodes in which at least 
1 - ẟ  of all pairs are friends, or else 

2. The nodes can be divided into two groups, X and Y, such that: 
• at least 1 - ẟ  of the pairs in X like each other, 
• at least 1 - ẟ  of the pairs in Y like each other, and 
• at least 1 - ẟ of the pairs with one end in X and the other end in Y 

are enemies.
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Empirical networks
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Does the approximately balanced networks theorem hold? 

edge sign
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