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PICS: problem

Given a graph with node attributes (features)

/soual networks + user interests

phone call networks + customer demographics
ngne Interaction networks + gene expression info

-Ind cohesive clusters, bridges, anomalies

cohesive cluster: similar connectivity & attribute coherence
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PICS: problem sketch
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Glven adjacency matrix A and feature matrix F
Find homogeneous blocks (clusters) in A and F

* parameter-free
* scalable

PICS: Parameter-free Identification of Cohesive Subgroups




Simple extensions: why not?

Flat clustering

heterogeneous graph

Weighted edges by both connectivity and
feature similarity

guadratic pairwise computations!
choice of similarity function
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DETAILS

PICS: approach

1.How many node- & attribute -clusters?
2.How to assign nodes and attributes to clusters?

Main idea: employ Minimum Description Length

1 2 3 4 5
|__ familiar

L (M) + L ( Dl M) ra “T strangers /gigigcrlgal
N ———  r /

. J

encoding length  encoding length
of clustering of blocks s

bipartite-core

Clustering Compression
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l BACKGROUNIj

Minimum Description Length
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DETAILS

PICS: formulation

L (M) : Model description cost
1. log"n +log™ f n:#nodes f: #attributes

2. log™ k +log™l k:#node -clus. I: #attribute -clus.
log™ (k) = log(k) + loglog(k) + - - -
3 nH(P) + fH(Q) pi= ==~ sizeof node cluster |

n ) .
__ ¢j « size of attr. cluster ]

(Jj_— f
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PICS: formulation

DETAILS

L(D|M): Data description cost given Model
1. For each block in A and F , #1s: log™ n1(B;;)

2. Encoding cost of a block

E(Bij) — —m(Bij) 10%2(3:3'(1)) - nO(B??j) 10g2(ﬂj(0))
= n(Bi;)H(P;;(1)).

where
P (1) = n1(Bij)/n(Bij)

Leman Akoglu (CMU)

N
’I"Q;Cj or T?;T‘j
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DETAILS

PICS: total cost objective

A L (M) : Model description cost |
Fo 1 log* n + log* £ #nodes, f: #attributes i
2.0 .., ki#node -clusters, |: #attribute -clusters i
|| log™ k + log™ [ _ _ II
I P - - - ci7za Nnf nnda_~liictar i I
| . . 2l i
. A similar problem (column reordering for minimum
5 total run length) is shown to be NRhard i
| |
’ :

[Johnson+]. (reduction from Hamiltonian Path)

|| L\Pay ) T T\ ) YB2 g L)) 0\ ) tYBa\* g \V) )
:: = n(B;;)H(P;;(1)). |
II where P;;(1) = n1(B;;)/n(B;;) II
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PICS: algorithm sketch
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The algorithm is iterative and monotonic
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PICS: objective and algorithm

Algorithm PICS

Input: nxn Iink matrix A, nx f feature matrix F

> Output: A heuristic solution towards mimimizing total
encoding L(A,F; R, C): number of row and column
groups (k*.1%), associated mapping (R*,C")

1. Set k’=["=1 as we start with a single node and

feature cluster.

Set R :={1.2,....,n} = {1,1,....1}

Set CY:={1,2,....f} = {1,1,....1}

Total Encoding Cost (Length in bits)
L(A,F;R,C) =log" n+ log* f + log* k + log™ [

Let T denote the outer iteration index. Set T = (.

A Sl

k [
ri s :
— Y rilogy(=) =Y e¢jlogy (L) repeat
; L ; ! f CT+1 [T+1 .= split-FeatureGroup(F, CT (")
k1 (RT-I-I _. C_rT-H‘) — Shuffle(A’ F, (RT__ CT+1 )’
-I—ZZ log* r'al{B-‘Lj']-I—E{B’-L-‘}) (KT, 17F1))
— = o oY g  RTHL pT+1 = Split-NodeGroup(A, F,
. n (RTH,CTH), (KT, T+1))
~ ) | N 0. (RT+!,CT+!) .— Shuffle(A, F, (RT+!, T+,
-I—ZZ(]og J"MB;})—I—E{B;}_]). EkT“,'lT“]j) (A, F, ( ).
- 10: if L(A,F; RTT1 CTTH>L(A,F; RT,C7) then
11: return (k™,01%)=(kT.17), (R*,C*)=(RT,CT)
12:  else
13: Set '=T+1
14:  end if

15: until convergence
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PICS: scalability

Computational complexity:

O(max(k*,[*) x [2* —I—(kf’* +1*)] % 1)
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PICS: datasets

Graphs Description n f  nnz
1.Phone call users, titles 94 /7 391
2.Device users, titles 94 7 5K
3.PolBooks books, Incl. 92 2 840
4.PolBlogs blogs, Incl. 1.5K 2 20K
5. Twitter users, htags 9.6K 10B2K
6. YouTube users, groups /7K 30K 1M

[/ .YeastGene genes, articles 844 1/K 64K
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PICS at work (Political books)
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PICS at work (Political books)
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