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Introduction -- Networks

Networks as a model of data
E.g.:  social networks, interactions, etc.
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Bipartite Networks

Some networks are bipartite
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Bipartite Networks

Examples:

- Authorship (user-document)
- Ratings (user-item)
- Interaction (e.g. user-service)
- Membership (e.g. user-group)
- Taxonomies (document-category)
- Text (document-word)
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Link Prediction in Bipartite Networks

Task:   predict links in the network

Examples:  

  Recommendation

  Rating prediction

 

Known link

Unknown link
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Outline

Introduction

Local Link Prediction
Graph Kernels
Bipartite Pseudokernels
Experiments
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Local Link Prediction Methods

Triangle closing

Method:  count common neighbors, Jaccard coeff., cosine, Pearson, 
Adamic/Adar, …

Does not work in bipartite networks!

We need more flexible link prediction methods.
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Graph Kernels

Graph kernels are defined algebraically

n×n adjacency matrix A:   Aij = 1 when (i,j) is an edge, 0 otherwise

Graph kernel:  function  F(A) that is positive semidefinite
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Exponential and Hyperbolic Sine

Example:   matrix exponential

exp(A) = I + A + ½ A² + ⅙ A³ + … 

Each power An denotes paths of length n.

Use only paths of odd lengths:

A + ⅙ A³ + 1/120 A5 + …  = sinh(A)

Instead of the exponential we need the hyperbolic sine
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The Bipartite von Neumann Pseudokernel

The Von Neumann kernel:

N(A) = (I − αA)−1 = I + αA + α²A² + …

The corresponding bipartite von Neumann kernel:

Nbip(A) = αA(I − α²A²)−1 = αA + α³A³ + α5A5 + …

Note:    We need α−1 > λ1, where λ1 is the network’s spectral radius.
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Hyperbolic Sine -- Example
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Computation – Eigenvalue Decomposition

Graph kernels can be computed with the eigenvalue decomposition:

A = U Λ UT

exp(αA) = U exp(αΛ) UT

(I − αA)−1 = U (I − αΛ)−1 UT
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Computation

Adjacency matrix has block structure A = [0 B; BT 0], where B is the 
biadjacency matrix.

It is enough to compute the singular value decomposition of B.

B = V Σ WT

Where F(B) = V F(Σ) WT when F is an odd function.

Note: Σ corresponds to Λ up to sign

Note: [V V;W -W]·2−1/2 equals U 
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Experiments

• Task:  Predict links in bipartite networks 
• Networks:  collection of large bipartite graphs, weighted and 

unweighted
• Retain a 30% test set of edges
• Performance measure:  mean average precision (MAP)

1 = perfect prediction
• Learn parameters by the method of (Kunegis 2009)
• Algorithms:

– Odd polynomial 
– Odd nonnegative polynomial
– Hyperblic sine
– Von Neumann pseudokernel
– Rank reduction
– Preferential attachment
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Experiments -- Results
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Conclusion

Summary:

• Simple link prediction does not work in bipartite networks
• Instead, use algebraic methods
• Hyperbolic sine and von Neumann pseudokernels



Thank You
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