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Community Structure Detection Algorithm Based on Rough Set
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[Abstract] This paper proposes a new detection algorithm based on rough set. It uses information centrality as a measure of correlation between
nodes. While dealing with the boundary nodes between communities, it uses upper and lower approximations subsets so as to better simulate the real
world, then it clusters nodes to certain community and identify the network to £ communities, identifies the ideally community structure according to

modularity, besides the & value need not to be prior given. The algorithm is tested on two network dataset named Zachary Karate Club and College

Football. and experimental result shows it has high accuracy rate.

[Key words] community structure; node relevance degree; rough set; upper approximations; lower approximations

DOI: 10.3969/j.issn.1000-3428.2011.14.012

RURE SRR T — £ Ab BN A ok ) B3R, ACSCH 3L
B FAEAL XAR A R b, Gl I A R RN A Lol AR A A
TIEMEGRERE TR XEEE, HAT AR EE
FIRAIEE, FEH—PRT A X R 4 5

1 HRHXRARE

Girvan #1 Newman J- 2002 43 —Fh T 2R B KW
A5k, B Girvan Newman $3%, A BARR AR b
PNCE L4 6N BB IN: (P @ X =5 i BUNC B UNIE S &53)
BAEMEE. BTFE—HXHN SR, TEER
WAL X RO R R, R RT DA B i #th R 43 41 X . GN
HBEEFERR R, HEEERERK,

Kernighan-Liu 4 3% 3 T 5 2 5095 J5 B 190 4% & 40 %
2 AMR/NBHIRAEX . FE A BAR A W% MR 5\ 45
B O, Fm 2 MR N E0R % 2 AN X A L%,
RE TR QBB KRMR 5. REBERELA R 00,
Hr, n AWM REH. BEENEERNEETERSH
W %% 2 AN XKD o

T 23 95 PV 8 3 4 T R 45 9 B B 87 35 7 (Laplacian)
PR RRAIE 1] Bt 58 AL X B R, ZE DG R A BE A R O P 4FAE
B XS L B RS AE 1) 22 e, ) — AN DX P A BT XS B g e R
ST o 24 P25 B A0 B 2 ALK, ST
R BAFROR, HH G R TE— R 3B W4 47
B2 ANER A, W RE WREER SRS X R4, MR
SHM% X EE , RS REE BRI

SCHR[4148 i i M-Chameleon RRFILIETHMEM M
R MR, W LT AR A Tk KAH, BRI SHHLLE
MBI R BT 4T A3, I B e e SRR I 2 1k,

AELZE 9 A0 TS PRI R 23 BB AR
2 ETHREENMEHXEHEA
2.1 MRS

HURESE R — A PR 2 AR T, P4l
A SC AR 3% B 43 LRSS R 3L o

EX 1 B}URFHRNSHRMIEEHERES, &
Fithl. REU BS54 M. M5 [ (approximate
space)E XK —A K R ALK~ 7e4l), I 4=(U.R) F£Fo

ES 2 EMRBMIKE R KU RIS H— R IR &5
W74, MXRLETREMU/R=E.E,L E, RER, ERR
W=, R 2 AR uycU/R BT RA—AMEME
ECU/R, MHuFlv KA K 5.

X 3 AEMBE XU, XMTFEMSER AX) =
UYeU/R:Y Xy, RRAMERT X MIXLHEA; XMk
MR AX)= UY eU/R:YT X =4}, XREBET X I
WNEMES

B—AMRIBDEFEANU/IR=X,X,L . X,, HFHZ 2
BANR, PR E L X,(1<i<n), HAERBARKEE
L X, BRI DAR ACX) A X, B BRI A0 , DUBORH
X o X, B IE AR ACX) A1 BB AC) 365 DL R R -

HEHEWMAE : FR A AP ETE L B H (60873116); {L7HE BRI
15 B RL I 37 #3801 TR B ARMI & vb 0 FF I3 4 9% B 350 H (SX2009
02)

VEHRA: RICE(1985—), 5, miwFoesk, E05m: SRz,
Web SCAZHE; REEE, RIBIR

W EH#: 2010-12-24 E-mail: 20084227162007@suda.edu.cn



2 s

L #&

201147 H 20 H

BT 1 o< AX)c AX) U ;

PR 2 AX)T AX)=d.i% 3

PR 3 AX)T AX)=d.i# 3

R 4 — A% RBTEM—A FEME <y E08
T 24 BB B4

PEIR 1 300 R— 5B T— A% X, B FE M, e
WRIBT X, 0 EE I B 2 B — AR, U BEH—
A% X MR
2.2 HRRBE

i 2 vt 2 ANHIAR 0 54 22 1D A S 6 Rt R T 36 2 3
R 2 AFIAR 2 IS0 15 B L BN,
RIS R AL X 45 47 B B B A2 B T e, B A1)R
TR—A KRR, B2 HEEERRE%, %
T JEE R 7

SCHRIOTER Y T — Rk T43 e B8 AR RE DRI 9235 0 B
B % G A n AN AR m 40 SRR AR AR AR
PE, BIN WK BORNE) I R4 2 A 2
15 BB R I35 B E B AR A 0, W45 A R 7 2 WS
4% &, BT 2 W IR R B o, WA B (R SR i
J 2R EERR, WRERRKER o, &=0). BN
4% G 5 B A RO E Uk & AT B4 B B R B o
) NE[G], Bp:

NE[G]= %G & /[n(n=1)]=1/[n(n—- 1)]#%@ l/d,.j

Hrr, e, WER A LE C, R SCABERIZL G BA W4

5 BARR AR BRI, B

C., = ANE/NE = (NE[G]- NE[G, 1)/ NE[G]

IS AT AR R DX R S R O AR X
HRI A B D R AR AT R R Z W AE B
Hrl BERUN, BATERIBEE R K, BT F— A X
AR B, AR v TRy, B RURIBE N -

nodeLink(v,,v;) =1~ C{,U
Her, ¢ cE, ENMBHMMMES; C, Al e MERD
:]:pfg °

AEA SR H RRURE SR Ak X 25 M R Bk o,k XK 4 Ik
AR R ERAL X, FAFE X bR R A i AR 4
B, TSRS HER T2 XS, kg e
NG, BEQSEENTEMEPHNZ, BEEHE
B bR AR T B 42

RESLAT R v, FAE X B A 8 SR IR By
Z nodeLink(v;,x)+

low *&Wiow

Link(v;,c;) = e, %

1 .
eupr— 2. nodeLink(v;,x)

j=L2L |k, e, +eu:=1
Fordr, wio, v wy, SRR j ALK T I UG B AR 5
Coy ARG j AL DX R AR A b AR A R
BRI AL, — M e >y 5 N Ny B BIFRRE A4
RS VR W ee i VK ViGDSE 8@
2.3 EHE

ASCHINBES (O MME - M SR 5k kAt IXe &
S—A kxk BEMHERE e={e;} , HATLR e Fom W4 & B

PSSR AE DX 2 A 75 i R A BT AT 34 P o5 R B A o
X B IR 2RI Tre=Xe, (o, Fm M4 gL IX
i AR AT B AE A R b R, R SRR (B
HINPBETLRZAN 0, =2, , BFRAGH i XA

KRB R AL R AT G b o TR 2R g SO H 1Y
A7 2 o e -

0= zj:(eﬁ —-al)= TrefHezH
Hor, x| R BB x AT GE Z R SRR R W
Zerbdk 2 A )R R E A AR (BIRE DX P9 854 ) B Ll 451 D6
FAEFRERAE X G TAERGERNX 2 A1 RURIL i B A5 i 10
BE.

24 HE#R

Wi — MR BT — A X B PR R R Y
FEWT & ARREM A, ¢ HERHKX, dxc) RKw x
5o, AW A RRREFHME. 2 dxe)Rrhxy
¢ X KPR KR K, Bl d(x,¢) = max g, d(x,¢)) ,
B d=d(x,c)~d(x,c), 1<i,j<k, Hi#j, %E LEPE
AT AR Z I A threshold, NIA4RG

Z={j:d=d(x,c)-d(x,c;) < threshold,i # j}

HMEL HZ+ (]),er(W[),ljlle eZ(w/.), JjeZ HxeVAw),
XHEBARIE TR 4 B, B x REFEM—MEEH
T

M2 # Z=0.xcA0w) , J R 1% 3, W x e
Aw) BV L 2 R E R i E— MR 2R T _EiE 4R IE
RTIEME. Fit, T RNRREIMEES, JFHH
threshold # b3 LA T 3 0L # ¥15 Fel »

X SRR BEE T -

BN 45 48 4 B

Wl Mg

(D e, =¢ (¢, A I AMERIEE), ¢ =0 (e, AHE 2 ML
KEEE), k=2. WA, BV =lq.c) (BHREHTRE
)y Vo=V =V CRBEREM R

QEBNTREV, HERERMAT R wIEAE —ANREN
B q=qU{}o

GOMEE Y, AR R, BN VR E PRI B
RE Y, WEAM AL, 4o = Uy},

BB =k, k=k+1, HBPRE); BW, FHPIREG).

(SRR w5 4k DX A i SR B0k B 4 AL SE 1 B 2
B G 5 4 X b AV R B P SRIK EE E _EE ARAR
WA

OMRY, ¢, WHA R v,(j=12.L .[1)) ST
RBREEKR, CRBTWANMRE. —MRIME—MEXE
pUpIESE

(DY HHE X BERE. MRk O, >0, , Mk=k+1,
HPIRQG); MR
3 ERS5HERMH

AKXAER T 2 A4 MR Zachary Karate Club Fl College
Football Network #4755 I

3.1 Zachary Karate Club #{#
Zachary Karate Club W48 — M5 W, ML



B3 F14M

RICHR, REIR: —PhIETHBER AL XS5 R B 43

SRME X EMAE D EAE TZR . RASTHAESLE
St Mt Zachary Karate Club %%, 480 45 R K MMIE 1 frm
g 2 AFEXHE, FEIX AR O k. RRERELF, RA
3G R BRI AR RERMEFREET 97%.

B 1 ASLHEP:RF Zachary Karate Club R4 581

3.2 College Football Network A&

College Football Network ## &l J 35 [ ¢ 2% A JE BRIEFE
R —ANE MR, EERBETE R A H T LERB, W%
MY RARE— RN, 2 MR ZRDERER 2 XKk Z
AT — e gE. BSFEREAE THHE, BRI EET
o — AT CEE OISR BROA 2 T T W L SRR B S Tk
W 22 ] R BROA 22 14T O LE SR IR B 24 115 SZERBA (T D)
K 616 3 gRGN), AET 12 ABH . B ARSIk
BAIBCBE R 43 B I8, M RI4H 12 AR O HIEBIH K.
AP LR IR RO 96 A, IEFEL N 83%,
T Newman i 4 [X 25 # R0 535 i v i R A 78%.

4 BRI
S P b IX 54 R B — A LA B R B 08

AR SR AE FORLRE S8 B R R AR AL A X S A B R 43, 4R Y
Bk R R R DI N XN W R K G h, AL THT
RURESE B AL DR PR . S AEAM L, BPAEAER AL X
HEME XN SHEERHELT, ZHEENERR RS
HE Ak XAE M 4 KA R b SRR Mz 2 | AL, Qi
Jo7 FDMURE £ BLIE X 52 2% M e 4L X a5 i AT Bk XOR IR T
— B TARME R A, AT BBt i 2 T 1A TE A B i
HE, ARSI R R RO A ) A U Y 1 4% 18 R A B AR R
R HIWE5E T 18 o

S50

[1] Pawlak Z. Rough Sets[J]. Journal of Information and Computer
Sciences, 1982, 11(5): 145-172.

[2] Kernighan B W, Lin Shen. An Efficient Heuristic Procedure for
Partitioning Graphs[J]. Bell System Technical Journal, 1970, 49(1):
291-307.

[3] Pothen A, Smon H, Liou K P. Partitioning Sparse Matrices with
Eigenvectors of Graphs[J]. SIAM Journal on Matrix Analysis and
Applications, 1990, 11(3): 430-452.

[4] BHEE, 5K R X EHE, & —MEER Chameleon FEE[T).
PHEHL TR, 2009, 35(20): 189-191.

[5] Giran M, Newman M E J. Community Structure in Social and
Biological Networks[C]//Proc. of National Academy of Science,
2002, 99(12): 7821-7826.

[6] Fortunato S, Latora V, lorim M. A Method to Find Community
Structures Based on Information Centrality[J]. Physical Review E,

2004, 70
E L e

(E4E58 40 10)

(10)7 A i AT 65, 3 W 3k PR A9 1o 8 SR T Y o

(IDPAET 2 MR ERRE: DRGEZRR; 2)H
R HE R

U RNREF M, BUEHE.

(13)GUIART 7 Azt il ook i B AL 0, BB AT i A
AT AR, A AT DB iR

(14)7 A 3R A5 s S

(IS A R, PATHRE, WA G-

FOP~HAS) P AN AR RIT RSP EL.
5 BORE

GUI A W FAL G A R 2 GUT I IRAR T 7 A ki -
AR B2 |, 321 T RT EIG 8 GUI A gk
EIRAER, FFBEH T T RIS . TP HE
FLARR WSS a5 = GUL [ 90 34 i A 280 o

L E P AN
[1] Memon A M. A Comprehensive Framework for Testing Graphical
User Interfaces[D]. Pittsburgh, USA: University of Pittsburgh,
2001.

[2] Memon A M, Xie Qing. Using Transient/Persistent Errors to
Develop Automated Test Oracles for Event-driven Software[C]//
Proc. of the International Conference on Automated Software
Engineering. [S. L.]: IEEE Press, 2004: 186-195.

31 A 18, ¥IC FET Web g HZHLRAERL]. +HHEHL IR,
2009, 35(18): 65-66.

[4] Memon A M, Xie Qing. Studying the Fault-detection Effectiveness
of GUI Test Cases for Rapidly Evolving Software[J]. IEEE
Transactions on Software Engineering, 2005, 31(10): 884-896.

[5] White L, Almezen H. Generating Test Cases for GUI
Responsibilities Using Complete Interaction Sequences[C]//Proc.
of the International Symposium on Software Reliability
Engineering. [S. L.]: IEEE Press, 2000: 110-121.

[6] Xie Qing, Memon A M. Rapid Crash Testing for Continuously
Evolving GUI-based Software Applications[C]//Proc. of the
International Conference on Software Maintenance. [S. 1.]: IEEE

Press, 2005: 473-482.
e R



