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Networks
What is the effect of different types of edges?

Can we use it to detect communities in a 
network?

“The strength of weak ties”

Reading: Ch 3 of Easley-Kleinberg
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Granovetter’s 
study (1960s)
Acquaintances, not friends, 

hold critical information about 
job opportunities



Local --- Global
What’s the personal/interpersonal implication of 
network structure?



Pieces in this question

• Triangle and “triadic closure”
• “Bridge” and “local bridge”
• Strong vs weak ties
• Strong triadic closure property (STCP)



Triadic closure
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B and C are very likely 
to become friends (Rapoport, 1953)



Triadic closure

• Triadic closure increases clustering coeff. (why?)

• Reasons why triadic closure happens:
1. Opportunity for B and C to meet
2. B and C can trust each other
3. A wants to reduce stress by making B and C 

friends
• Teen suicide <--> low (local) clustering coefficient

(Bearman and Moody, 2004) 



Local bridge



Tie strength
 &
Strong triadic closure 
Property (STCP)



(Granovetter’s theorem)
The strength of weak ties
• If a node A satisfies STCP and has at least 2 strong 

ties, then any local bridge it's involved in must be 
a weak tie.
• Proof.



The strength of weak 
ties in the real world



Weak ties in Facebook 
(Marlow et al., 2009)

Colleagues
High school 
friends



Weak ties in Facebook (cont...)



Weak ties (passive network) –
What’s the use?



Twitter (Huberman et al., 2009)



Are weak ties really powerful?
Gladwell: “weak ties seldom lead to high-risk activism”



Counter argument: the strength 
of weak ties
Weak ties influence what we see, how we think, 
and what actions we take.









Local bridge
An edge which is not a side of any 
triangle
óAn edge whose endpoints do not 

have any common neighbor

óAn edge whose deletion causes 
the distance between its 
endpoints to be >= 3 

Under STCP, every local bridge must be a “weak” tie
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Why are local bridges important?

Review



(Granovetter’s theorem)
The strength of weak ties

If a node A satisfies STCP 
and has at least 2 strong ties, 

then any local bridge it's involved in 
must be a weak tie.

Review



Local Global

Personal/ 
interpersonal 

experience

Network 
structure

Weak tie Local bridge

Community detection 
in networks



Community detection 
in social networks 
using local bridges
Section 3.6 (Advanced)



Coauthorship network (Newman-Girvan, 2004)



NCAA college football (Huang et al., 2011)



How to use local bridge for community 
detection?

Local bridge for sure!
Even stronger: “bridge”

Local bridges



Idea

• Delete local bridges one after another
• Get connected components
• close-knit communities

• Divisive graph partitioning 
(as opposed to agglomerative)



But… which local bridge to 
delete first?



Also… what if there’s no local 
bridge?

Need some form of “betweenness” 
measure for the edges!



Girvan-Newman algorithm (2002)

• Calculate the betweenness of each edge
• Successively delete the edge(s) with the highest 

betweenness (and recalculate betweenness)

Q. When should we stop?



Betweenness of an edge
• Every node is sending 1 gallon of water to every 

other node 
• Water only flows through shortest paths
• Equally distributed among multiple shortest paths

• Betweenness of an edge 
= Quantity of water flowing through it





How to compute the 
betweenness of an 
edge?



Karate club (Zachary, 1977)
Output of Girvan-Newman algorithm


