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Lecture 3: Strong and Weak ties
 (section 4 from the notes)
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Sections in the Notes









Claude Shannon

John Nash

Alan Turing



The game of Go





Triadic closure

Clustering Coefficient

the probability that two randomly chosen neighbours of u have an edge between them.

the fraction of the pairs of neighbours of u which have edges between them



Bridges and local bridges

• Define an edge between two nodes to be a bridge if removing that edge would 
cause those two nodes to lie in separate components of the network


• i.e. if that edge is the only possible simple path between the two nodes. 
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How triadic closure comes into the picture 

How should the strength of connections affect triadic closure.?

if a node A has edges to B and C, then the edge between B and C is 
especially likely to form if the edges from A to be are both strong ties. 

We define an edge between two nodes A and B to be a local bridge if A and B 
have no neighbours in common – in other words, deleting the edge would 
increase the length of the shortest path between A and B by at least 2.



Strong Triadic Closure Property 
How should the strength of connections affect 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 (strong or weak) between B,C. 


• We say that node A satisfies the Strong Triadic Closure Property if it does not violate it. 

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. 

Explanation for Granovetter’s findings: local bridges should be weak ties 



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. 

1. Let’s suppose that 


3. Since A is involved in at least two strong ties, it must also have a strong tie to 
another node, C say. 


4. But then the fact that A satisfies the Strong Triadic Closure Property means 
that there must be an edge between B and C. 


5. This contradicts the idea that the edge between A and B is a local bridge, since 
there is also a path from A to B via C which is of length 2. 

Proof of Claim

✴ A satisfies the Strong Triadic Closure Property  
✴ and is involved in at least two strong ties  
✴ but that it is also involved in a local bridge which is a strong tie. 
✴ Let’s suppose that the local bridge is an edge between A and B. 





Real Data - mobile networks

 Neighbourhood overlap of the edge connecting A and B: 

• So if a node is a local bridge then the neighbourhood overlap will be 0 


• but we now have a scale of values ranging between 0 and 1. 

Granovetter’s findings: local bridges should be weak ties 

Strength: call time in minutes



Real Data - mobile networks

Granovetter’s findings: local bridges should be weak ties 



Network partitioning 

breaking the network down into regions which are tightly knit clusters of nodes. 





Network partitioning: The Girvan-Newman method 

• Local bridges are important because they form part of the shortest 
path between pairs of nodes in the network  


• without a particular local bridge, paths between many pairs of nodes 
would have to be “re-routed” a longer way. 


• We therefore define a notion of “traffic” on the network and look for 
the nodes which carry most of this traffic. 

The idea for the partition



Network partitioning: The Girvan-Newman method 

• For each pair of nodes A and B that are connected by a path, we imagine 
one unit of “flow” along the edges from A to B. 


• If A and B belong to different connected components, then no fluid flows 
between them. 


• The flow between A and B divides itself evenly along all the possible 
shortest paths from A to B. So if there are k shortest paths from A to B, 
then 1/k units of flow pass along each one. 

Traffic Flow and betweenness

Define the betweenness of an edge to 
be the total amount of flow it carries 
counting flow between all pairs of 
nodes along this edge. 



Girvan-Newman method 



Example: Traffic Flow and betweenness

Betweenness of an edge is the total 
amount of flow it carries counting flow 
between all pairs of nodes along this edge. 

Calculate the betweenness of the edges

• edge between 7 and 8? 
• edge between 3 and 7? 
• edge between 1 and 3 ?  
• the edge between 1 and 2 ? 



Example: Traffic Flow and betweenness

Thinking in terms of 
betweenness, we pick out the 
edge between 7 and 8 as that 
which carries the most traffic. 



Network partitioning: The Girvan-Newman method 

1. Find the edge of highest betweenness – or multiple edges of highest 
betweenness if there is a tie – and remove these edges from the network. 
This may cause the network to separate into multiple components. If so, 
this is the first level of regions in the partitioning of the network. 


2. Recalculate all betweennesses, and again remove the edge or edges of 
highest betweennness. This may break some of the existing components 
into smaller components. If so then these are regions nested within the 
larger regions. 


3. Continue in this way as long as edges remain in the network, in each step 
recalculating all betweennesses and removing the edge or edges of highest 
betweenness. 

Follow these steps:



Girvan-Newman method 

Example



Network partitioning: The Girvan-Newman method 

1. Perform a breadth-first search starting at A.


2. Determine the number of shortest paths from A to each other node.


3. Based on these values, determine the amount of flow from A to all other 
nodes that uses each edge. 

Do it efficiently!

How would you code it?



Network partitioning: The Girvan-Newman method 



Network partitioning: The Girvan-Newman method 





Flow rate (again — different): 

• The edges of the network correspond to pipes and the vertices to junctions between the pipes. 


• Suppose max rate r, in terms of volume per unit time, at which water can flow through any pipe. 


• What is the maximum rate at which water can flow from the vertex u to the vertex v?

 maximum-flow is equal to the number of edge-independent paths times the pipe capacity r.



So how would you partition the karate-club with


• Girvan-Newman ?


• Max-flow Min-cut ?

And Granovetter’s problem: Why likely to find new job from weak tie and not strong? 


