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Brief Introduction to Spectral Clustering



Spectral Clustering and Eigen Value Decomposition Normalized graph cut: JNCut (A, B) =



cut(B, A) cut(A, B) + assoc(A, V) assoc(B, V)



Corresponding relaxed problem: fL∗



f T (D − S)f = argmin f T Df f T f0 =0



where S is the similarity matrix defined Pn on graph, D is the degree matrix satisfied Dii = j=1 Sij , and L = D − S is the graph Laplacian Gengxin Miao Et al. ()
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Brief Introduction to Spectral Clustering



Spectral Clustering and Eigen Value Decomposition (Cont’) The optimization problem can be approximately solved by generalized eigen value decomposition (EVD) technique, which requires solving the eigen value decomposition problem of normalized graph ¯ = I − D − 12 SD − 12 . Laplacian L Two-class problem Analyze of the eigenvector corresponding the second smallest eigenvalue.



Multi-class problem Use k-means to cluster the points in the first k dimensions in the eigen space. Gengxin Miao Et al. ()
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Brief Introduction to Spectral Clustering



Large Scale Problem of EVD



Consider 1 million data A 100 nearest neighbor graph requires 106 ∗ 100 ∗ 8 = 800MB memory to store the similarity matrix. To cluster the data into 1000 clusters requires 106 ∗ 1000 ∗ 8 = 8GB memory to store the eigenvectors.
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Parallel Spectral Clustering



Parallel Spectral Clustering



Parallel computing of EVD problem Parallel k-means (See Inderjit S. Dhillon and Dharmendra S. Modha, 2000)
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Parallel Spectral Clustering



Parallel Computing of EVD Problem EVD review * Multi-core and shared memory based EVD (F. Luk, 1985; E. Jessup and D. Sorensen, 1994)



* Distributed memory based EVD (K. Mashhoff and D. Sorensen, 1996; T. Konda et al., 2006)



We choose PARPACK (K. Mashhoff and D. Sorensen, 1996) since * ARPACK is a very commonly used tool for EVD * It can easily handle sparse matrix * It is not limited by the memory of single machine Gengxin Miao Et al. ()
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Parallel Spectral Clustering



Parallel Computing of EVD Problem (Cont’) PARPACK requires user provided matrix-vector multiplication program. * Sharding the similarity matrix in a Round-Robin fashion. * Without loss of generality, we show the matrix as blockwise.
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Parallel Spectral Clustering



Parallel Computing of EVD Problem (Cont’) Distributed matrix-vector multiplication Obtain the whole eigen vector by message passing interface (MPI) “AllReduce” and “Allgather” are two different mechanisms to collect data from different local machines



(a) Gengxin Miao Et al. ()



(b) Apr. 22, 2008
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Experiments



Speedup Results Results using MPI “AllReduce” to get the whole vectors (Shown in workshop paper)
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Experiments



Speedup Results (Cont’) Results using MPI “Allgather” to get the whole vectors (Further investigation, work in progress) Table: #class=100, #Arnoldi space=200, #data=600K.



Machines 1 2 5 10 20 50 100 Gengxin Miao Et al. ()



EVD Time (sec.) 6.822 × 103 3.904 × 103 1.789 × 103 1.033 × 103 6.103 × 102 5.118 × 102 6.580 × 102



Speedup 1 1.75 3.81 6.60 11.12 13.33 10.37



k-means Time (sec.) 5.041 × 102 2.782 × 102 1.166 × 102 7.082 × 101 4.099 × 101 2.672 × 101 2.349 × 101



Speedup. 1 1.81 4.32 7.12 12.30 18.87 21.46
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Experiments



Speedup Results (Cont’) Results using MPI “Allgather” to get the whole vectors (Further investigation, work in progress) Table: #class=1000, #Arnoldi space=2000, #data=600K. Machines 1 2 5 10 20 50 100 200 Gengxin Miao Et al. ()



EVD Time (sec.) − 8.465 × 104 4.046 × 104 1.667 × 104 8.626 × 103 5.199 × 103 4.697 × 103 4.897 × 103



k-means Speedup Time (sec.) − − 1 3.609 × 104 2.09 1.488 × 104 5.08 7.354 × 103 9.81 3.941 × 103 16.28 1.907 × 103 18.02 1.087 × 103 17.29 9.031 × 102



Speedup − 1 2.43 4.91 9.16 18.93 33.20 39.96
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Experiments



Experiments on Orkut Data Orkut is an Internet social network service run by Google Since October 2006, Orkut has more than 50 million users and 20 million communities We used Orkut’s user-by-community co-occurrence data Data pre-processing * Filter out non-English-language communities * Remove communities containing few users * Finally Obtain 151, 973 communities with more than 10-million users involved Gengxin Miao Et al. ()
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Experiments



Experiments on Orkut Data (Cont’) Table: Cluster examples Sample Cluster 1: Cars Community ID Community title 22527 Honda CBR 287892 Mercedes-Benz 35054 Valentino Rossi 5557228 Pulsar Lovers 2562120 Top Speed Drivers 19680305 The Art of DriftIng!!!!!! 3348657 I Love Driving 726519 Luxury & Sports Cars 2806166 Hero Honda Karizma 1162256 Toyota Supra



Community ID 622109 20876960 948798 1614793 1063561 970273 14378632 973612 16537390 1047220



Sample Community ID 15284191 7349400 1255346 13922619 2847251 6386593 4154 15549415 1179183 18963916



Sample Cluster4: Pets, animals and wildlife Community ID Community title 18341 Tigers 245877 German shepherd 40739 Naughty dogs 11782689 We Love Street Dogs 29527 Animal welfare 370617 Lion 11577 Arabian horses 2875608 Wildlife Conservation 12522409 I Care For Animals 1527302 I hate cockroaches



Gengxin Miao Et al. ()



Cluster3: Education Community title Bhatia Commerce Classes Inderprastha Engineering Cllge CCS University Meerut Visions - SIES college fest Rizvi College of Engg., Bandra Seedling public school, jaipur Pennsylvania State University N.M. College, Mumbai Institute of Hotel Management I Love Sleeping In Class



Sample Cluster 2: Food Community title Seafood Lovers Gol gappe I LOVE ICECREAM ...YUMMY!!!!!! Bounty Old Monk Rum Fast Food Lovers Maggi Lovers Kerala Sadya -Mind Blowing Baskin-Robbins Icecream Lovers Oreo Freax!!
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Future Works



Future Works



More efficient implementation of parallel spectral clustering algorithm Good evaluation criterion for Orkut data clustering results Other data to demonstrate the effectiveness of parallel spectral clustering algorithm



Gengxin Miao Et al. ()
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Future Works



Thanks very much!



Gengxin Miao Et al. ()
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