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The Link Prediction Problem
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Link Prediction Problem
● To what extent can the evolution of a social 

network be modeled using features intrinsic to 
the network itself? 

● Intuitive definition:

Given a snapshot of a social network, can we infer/predict 
which new interactions (edges) among its entities are likely to 
occur in the near future?

● A more rigorous definition:

Given a snapshot of a network at time t, link prediction seeks 
to accurately predict the edges that will be added to the 
network during the time t to a given future time t’. 
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Link Prediction Problem
● Example applications:

Recommender SystemsRecommender Systems
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Link Prediction Problem
● Example applications:

Anomaly DetectionAnomaly Detection
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Link Prediction Problem
● Example applications:

Community DetectionCommunity Detection
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Link Prediction Problem
● Example applications:
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Link Prediction: Methods
● There is a multitude of possible methods
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Link Prediction: Methods
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● Today we will talk about some possible
similarity-based methods

Link Prediction Measures

1 Number of Common Neighbors

2 Jaccard Coefficient

3 Resource Allocation Index

4 Adamic-Adar Index

5 Preferential Attachment Score

6 Common Neighbor Soundarajan-Hopcroft Score

7 Resource Allocation Soundarajan-Hopcroft Score
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● We will use the following example network as we go 
through all the metrics

Example Network
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● Very simple measure which is grounded on the 
network transitivity property of social networks

● Triadic closure: if two people in a social 
network have a friend (network neighbor) in 
common, then there is an increased likelihood 
that they will become friends themselves at 
some point in the future.

Number of Common Neighbors
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Number of Common Neighbors
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● Number of common neighbors normalized by the 
total number of neighbors

Jaccard Coefficient
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Jaccard Coefficient
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● Fraction of a “resource” that a node can send to 
another through their common neighbors

Resource Allocation Index
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Resource Allocation Index
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● Differs from the Resource Allocation Index, by computing the 
log of the degree. This measure formalizes the intuitive 
notion that rare characteristics/features are more telling, 
weighting more heavily these rare characteristics.

Adamic-Adar Index
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Adamic-Adar Index
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● Relies on the preferential attachment mechanism since it 
assumes that nodes with high degrees are likely to get 
more neighbors in the future.

Preferential Attachment Score
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Preferential Attachment Score
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● The next 2 measures are modifications of the 
Common Neighbors and Resource Allocation 
Index that take into account the community 
structure of the network

● Main assumption: nodes belonging to the 
same community are more likely to form an edge 
than nodes belonging to different communities

● Applies only to disjoint communities (each node 
belongs to only one community

Community-based measures
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Community-based measures
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● Number of common neighbors plus a bonus for 
neighbors that belong to the same community as the 
analyzed pair of nodes

Common Neighbors
Soundarajan-Hopcroft
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Common Neighbors
Soundarajan-Hopcroft
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● Similar to the Resource Allocation Index, but only takes 
into account nodes that are in the same community as 
the analyzed pair of nodes

Resource Allocation
Soundarajan-Hopcroft Index
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Common Neighbors
Soundarajan-Hopcroft
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● Link prediction measures “only” provide scores that give us a 
sense for whether two nodes are likely to connect in the future

● Lack of consistency across measures: different conclusions 
according to different measures

How can we turn them into useful information?

Link Prediction - Limitations
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Link Prediction – War Story

    Miguel Araujo, Pedro Ribeiro and Christos Faloutsos
TensorCast: Forecasting with Context using Coupled Tensors (Best Paper Award)

Proceedings of the IEEE International Conference on Data Mining (ICDM), pp. 71-80, IEEE, New Orleans, USA, November, 2017.

War Story – A paper on predicting linksWar Story – A paper on predicting links
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