
Community detection and Role extraction 
in Networks 

A. Browet 

Université catholique de Louvain 
EPL - ICTEAM 

 

Image and Signal Processing 
Seminars 

October 2014 



Networks Topology 
Community Structures 



Networks Topology 
Community Structures 

 Reichardt & Bornholdt (2006) 



Networks Topology 
Community Structures 

 Rosvall & Bergstrom (2008) 

 Aldecoa & Marin (2011) 



Community Detection Algorithm 

 Kirkpatrick, Gelatt & Vecchi (1983) 

• Simulated annealing (SA) 

 Clauset, Newman & Moore (2004) 

• Fast modularity 

 Schuetz & Caflisch (2008) 

• Fast modularity (+ TCER) 

 Raghavan, Albert & Kumara (2007) 

• Label propagation (LP) 

 Blondel, Guillaume, Lambiotte, et al. (2008) 

• Louvain Method (LM) 

 Rosvall & Bergstrom (2010) 

• Infomap 
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Performance & Accuracy 

 Lancichinetti, Fortunato & Radicchi (2008) 

LFR benchmark model 

 Danon, Diaz-Guilera, Duch, et al. (2005) 

Normalized mutual information 
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Role modeling 
Pairwise node similarity 

 Bondel, Gajardo, Heymans, et al. (2004) 

 Cooper & Barahona (2011) 

 Leicht, Holme & Newman (2006) 



Role modeling 
Pairwise node similarity 

 Groups of nodes sharing similar neighborhood patterns in the graph 

Sequence of incoming/outgoing edges 
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Pairwise Similarity Measure 

 Converges if  

Sufficient condition : 



Pairwise Similarity Measure 
Fixed point solution 

× Exact solution: intractable × Power method: expensive  



Low rank Approximation 

, 

Truncated SVD 

Rank 3 
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Low rank Approximation 
Iterative solutions 

Truncated SVD 

QR factorization 

 Stewart, Error and perturbation bounds for subspaces associated  
    with certain eigenvalue problems [1973] 

(keep the first r columns of         ) 

Existence of Fixed Point solution and Guaranteed  
local convergence of the sequence for sufficiently small      ! 



Low rank Projection 
Convergence 

small symmetric perturbation and  low rank fixed point solution 



Low rank Projection 
Convergence 

if 

It implies that 

There exists such that is an invariant subspace if 



Erdos-Reyni random graphs 
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Words graph 

Python lib: NLTK 
+ Stanford PoS Tagger 

Noun (singular) 

Preposition 

Determinant 

Adjective 

« Language, an introduction to the study of speech »  Sapir. (1972) 
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Take Home 

 Efficient and highly parallelizable algorithm for community detection 
 
 

 Role Extraction or Block Modeling generalized community detection 
 
 

 The pairwise node similarity measure allows to extract such roles 
 
 

 Accurate low rank approximation for large graphs 



Questions 

 

Remarks 

 

Suggestions 
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