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Information Bottleneck Based Community Detection in Network
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Abstract  This paper proposes a projection method to transform a unipartite network into a bi-
partite network. As to the obtained bipartite network, it presents an information-bottleneck-
based method for community detection under the information-theoretic framework. This method
detects the community structure of networks by finding an efficient compression of the network.
The efficient compression holds the regularity of the original network as many as possible. Appli-
cations on the computer-generated networks and many real-world networks demonstrate that this
method is very effective at community detection of networks. As for the community detection of
directed networks, existing methods neglect the direction of edges and treat them as undirected
networks. The information provided by directionality is lost in this process. Using the projection
method proposed in this paper, the direction of edges can be retained and thus the method is more
suitable to detect the community structure in directed networks, such as the world-wide-web.
And some new knowledge can be found by the method. In addition, the method can be directly ap-

plied to the detection of community structure in bipartite networks, which are common in real world.
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FATE.
4.2.1 Zachary (GEHLMA)) 25 TF 18 4H 5355 ™ 4%

Zachary =5 F-JE B AR 78 00 2% (5] 4) 24k 25 k) 2%
OX BT — A 28 B ) 1L 32 0 2% JBORE T 36 IR — PP R
A FEAA R AR R I A 34 DA
Zachary Wayne i i W 4F i WLEE , JREL T 34 AR IR
A2 SRR T B 1 — A W 45 X A 4%
e A A I B AR R — A THUR 0 SR P A i 5 ZE AR SR
W BAE AR SR AR AN A 23 S8 1R G 28 5 X PR 8 53 ) 7
(T 5 2 A — 25 A . S5 ok S AHL AR50 1 4 B 3 0

Bl 4 Zachary 75 T3l {H 535 W 2%

N Z B A E R AR R R A T iR 4
AR 3 8T WA 23 ) LAAE B RS 0 A RO 1Y
RIRAR. B 4 vp, BT T R T T 2 AR AR R
B0 TE e T R A 7 AH AR B A R R

K 2 J&rm 1T JATH 7 A Zachary 25 FIE R IR
P I 2 ep BT e SR AL X ZE AL TR R 2R AR A o — A
dendrogram, JEEL T T & (9 & JF 2 #2019 F 2 &R
3R T A I R B A R B modularity i Y 28 £k
AL BT 5 A4k XL X B B modularity {H R
0. 392, T AH AR &8 1Y 52 B 4% 23 40 A AN (H 2
P50 B A~ 5 43 BT X6 R B modularity {8 A & B
DL 3 ARk K B &) 0 S B R oy A — B A
Ji PR AFL SR 90 18 52 B &) o3 2 — i 98 5 A X R 23 A %R
R AL DX 2 B T R AT A B0 2k 0 2 A 5 6 O L A X
MEEOL T AT A X R B N 2 L T T LR
S IR R A XA RO 2, AT A B B A B R
G AL BR AR A3 2 L — 30, B — AT 3 8
FER R4y NI 2 R v DA L 58 B TR 3
SEBRRI G TR ER R B AL, T4 Y
FEXAS KR €y 2 I, 550k & By R 43 o ) 1Y
modularity {54 0. 360, X A H 5 53 12 & B d 16
{8 22 51 9 A K.
40202 (A IRAR M 4%

] B AH W 25 P (Word Association Network) J&
ZE E 7 4 & B 3K K2 (University of South Florida)
WSO T ) 1 AR I % 2 O 4% 3 ok [ 3 R A R A
X 5019 A #EAT T AL A 6000 AS 5 T
WA AR TR ER S 5 E S M
1] G AR due A D) A 3] I A AR 75 T7 AN B X X
5019 A~ a) 1 B 2. Bl A 1 ) Bk Oy a7, P
P A A XS SR 1A B A AR D H AR . B A AR R
— MR, B R E A HERE . #G FKom A 15N
P s i LR B, #P Kom B AR desid A i H
Frin 7t B YR IR 4 327 1) A B H AR 1A B i
[ 528 £ Oy

_EP
FSG =5

iR B[R — 4R B4 A B B Y S ] 5

JE(BSG)ETF B E| A AT [ 58 .
HAR A —E7E 5019 AR 16 i B, AT axX
R B R E S B B AR X Rk,
@ The University of South Florida word association, rhyme,

and word fragment norms. http://w3. usf. edu/FreeAsso-
ciation/
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FiE) B RBCSR o8 A B B R A R (58 T B
A WEEEE M E A S B WS mREGET B
FIA YR 58 B

5019 A1 & RS 5019 AN TH AL 4n SR P A i 2
T 18 2 BBk 58 2 R AN B {EL (AR SCHU(E A 0..025)
X AN T X R AR T AT AR — 2% 3. X R AT A

] G AR M % P R L 1 7 A X

() (=
‘@
‘
00

Ca) T JERAEL I 298 1) A X & 8y, JEAT 18 Ak X (JE v — A
A DR 5 — AN T0 g, AR AE B v D

/- .e \
\
\

@
@

BT —A 5019 AN TH AT A4 TG 1) Jo AR iy B 1AL AT
M7 T 18 AL IX (B 5 Ca)) B IR X ) Y
modularity {H24 0. 423, 3X F W] Rl BE AR R0 28 HAT R 4F
ARE XG5, A — A4 X R A — AT CRAE
P 5 Ca) v H ) 5 0 A7 Tl R AEL 19 45 6 BRI A TR 2 —
AL TH A, o DR B )l — A X B T Y.

Hop—

A FAEK

ASTEROID
ATI\L/I(())SPHERE

ME
DEPLETION
JUPITER

MARS
METEOR
METEORITE

MOON
MOONLIGHT
NEPTUNE
OZONE
PLANET
PLUTO
SATURN

AL XA E 134 T AL X

® 6 ©® (5
PR

//(
re 4

(b)) Lrpr— AN Ak XA 18 A X 45 44,
A XA B IEA 134 T 4L X

(c) Hopr— AP Ak
Jr A 555 18 45 A i)

TE « 5 Rl A AR 505 2 7 A IR DR /s et gl 2 e X BT B0 5 9 TS 550 & I3 B 199 D/l 2 e 7 X R/

T SR I O3 B A AL X AR A A L Al
53 W B 2 AR B 17 A X (R
— T AL XCBR A) #E 4T T AL X B B 5 (b) Ji
AN T Ho — A X BB 2 A X I A A X AT
Bt X & BLEE, AT 2 B modularity {H & ik
0. 691, 3% Ui I 3k A4k XA 2 AT 5 W S i A X 45
PSS 17 Ak CE A B A R X A5 L xR
A3 B AL 09 2 1) L DX 45 44 2 AT 2 PRI R [R] 2 IR
B Ak DX X I P 245 AN TR i R 4. T 5 Co) ) FR AT
Jeos 1 H A Ak XN R Y AR DO A R A A
T s 3 B3] R 2R IR SO A R HE A AT IX
A ) )t H A B S B 28 B R AR, i BN — —
G2,

BT — 42 19 A FRAT & BB 4R XK /N AS R
power-law B>, 255 23 Br . AT & B 5019 4~ T
TR P )R AL D 245 114 TR R BBE 43 A SR R 43 A L 1T
— BB LT o 5 2 X 2% B TH A B2 4 A A2 i /2 power-
law HEIU B 3 AT B A2 38 BT & BRI AL DX /N AN il
J& power-law B0 A4 A .

]

5

AR SCHE M A 5 1 R A T I 1) 106 ARL 1 2% v AN [ L
JEE B AL X, Lok 2648 DA A T8 S AL DXL 30
FeA] 2L figp 1w HK AEL 0 2% 1) 45 A 2 Al R TR A L T B A
) HAEL D00 265 1) 5 A 0 {6l ) R AL 0 2% R AR A B
SCHY.

Ay

5 ZGRMT—FHHIIE

AR S — A~ B4 3 B T 82 A IX A B R R
WAy DX 45 g 2 00 2% 445 A T U F) — b AR B i
TR 285 v F) A X5 R R 25 I 0 A B 414 40 1 T AR
B 10 25 10 B AR AR FMRRAE X — AR AR SCRY il
TR AR AR Xk B )R] DA B X ) 465 3 b
A 00 R 4 AL XA B H Bt 4k — il 1 2% 2 A Y
1R 0 4 7S X Rl s 46 BE 5 0T RE 2t S i I
[BEL i ELE (AP WK G

BETT A SCAEAE BACRIREZL R SR T —Fh T
H R4 X R B ¥k % 05 8 AR B8 1 A B2
A X e BRR] R 4t T — b EROE A R B R0 2% A X



44 AR S L TE BIM S +L X & 3 685

S5 K 114 Joe A0 8 7 2 e T 4 1 S 4 B R S B B s 1)
2% S5 R LI 2 18] 9 e pE T

X T 1) ) 4 AL DR B A A X BT
U5 e 2 I 4 R 0 8 T 1) 0 i S P G ) R 2% A X
K LR TTIE R A e, S b XA GR R R T R A
T P 28 ) PR 2245 08, T O 1) 1 Bl F AT B 3t 1 R
2% LR I — Fof ST . e T AR SO T A ) 28 A8 e T 0
A LA (6 A 1] 4 245 2 4 il — 4> R AT R 4% 5 1%
S P R 4 1 S S AT ) R 4% Y R AE S A
FCWeA 18] ) 26 B9 N RRAE. SR o AR SCHR Hh kT
RS A X R BT i R RAAR T 15 b A B 0 )
He T i s R AR A RL X 45 .

HYA A A2 M4 B Sl — 0 5 E K
2% MU 7 IR A L A SCHR H 9 5 3 WT LLAR O {8
07 P 31 33k 28 1) 2% 14 4 IX % B .

T3Hb VFZ P4 R AR TEAS 1 — 2R T TR 2 7]
WAFAEA 1k —Ff 5 R 3K o 19 268 B o S5t It 19 245 . 43
s A SRR B A 384 ) T 285 v o A7 AR SCRR A
PIE T A, A7 75 SCRR AR 22 2 18] 1 3% 44 5 &R SRR
Z IR 5| P 58 AR X Tk b S SO I 2% ]k B o
AR AL DX A8 R R — A 3 T R O SO A {EL Y
L AT T — 20 TAEH £ 22 Tk X —
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Background

Research on complex networks attracts considerable at-
tentions from many scientific fields. The main focus is on
three aspects; The statistical properties of complex net-
works, the model of the evolution of complex networks, the
dynamics of complex networks.

Community structure is a common and important prop-
erty of complex networks. It forms an intermediate level be-
tween the microscopic and macroscopic description of net-
works. It provides the knowledge about the relation between
the function and structure of complex networks. Thus, com-
munity detection plays a crucial role in the research on com-
plex networks.

Recent research on community detection devotes most
efforts to unipartite undirected networks. Only few works
concern the directed networks and multipartite networks.
This paper aims to address the problem of community detec-
tion for bipartite networks. The method proposed in this pa-

per is also applicable to unipartite networks through a projec-

tion used in this paper.

ysis on complex networks and social computing, distributed

system.

The research is a part of "Research on Community Iden-
tification and Community Evolution on the Web 2. 0", which
is supported by MSRA IST 2007 (FY07-RES-THEME-
067). The latter aims to the sociality emerged in the Web
2. 0. It is useful to help us understand the rules that govern
the networks formed in rapidly emerging Web 2.0 applica-
tions. The identification of community structure is a funda-
mental task of this research. It is the basis of research on
community evolution in Web 2. 0.

The authors’ recent studies mainly focus on the commu-
nity detection of complex networks. The authors have made
some in-depth research on the measure of community struc-
ture, the method to uncover the hierarchical and overlapping
community structure in large networks. and its application on
expert finding.

In addition, a case study on the Douban (www. douban.
com) is carried out by the research team. And the corre-
sponding results are published in the 17th International
World Wide Web Conference.



