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Community Partitioning Algorithm Based on Spectral Bisection Method
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Abstract Based on the improved SNN similarity matrix and spectral bisection method, this paper proposed a new algo-
rithm for detecting the community structure in complex networks, The improved SNN similarity matrix was firstly com-
puted and normalized and its eigenvalues and eigenvectors were obtained subsequently. Then different numbers of the
first non-trivial eigenvectors were chosen as clustering samples, FCM algorithm began to work and the corresponding
modularity was computed. The best structure of the network was detected by mapping the largest value of modularity.
The experiment shows the validity of the presented method. The result obtained here is compared with other popular ones and
the conclusion is that the accuracy of the results calculated by this approach is much better than the known ones.

Keywords Complex networks, Community structure, SNN similarity matrix, Spectral bisection method, FCM algorithm

Vol. 36 No. 11

1 5§

HTEEMEITLUARBARASAZHMTEEXE Y
FZEHERER GTEILZ RS &R . 7 515 Z B #E
MBAR BERZENSEXZURNTNEEEHNE H
M, AR, R R 2Bk M E X, FEX MEE RN
Y& SCRMBCF SR A R AMTR I 2 LR R4 5
BA - FRER— SN, GRER, BIFH%ES
ETMBE BN, SRR T AZENEEEL RS,
HRENBZ RS EAMRIE LR . BRM%E
Rst LW, T THRMNEEW S TREFERERAE
EMEXL, AW ALY ¥ WEYE GTEVEIEZEM
Hoh AT ZHRA.

HTIRERNENTRSEH, FEEEAHTREY
#7 e, P B B A U F A : Kernighan-Lin B 3™ %
FiEAHHHECY A REES PRGN EBRY BERE
EE R Newman IREBEE MR B BB RS %, X%
ENRERTEBRRAD B BNEREE KRS AET
AMEE IS AR B2, PR E MG REELI K

FR HH.2008-12-09 &4 B :2009-03-06

ek S7 4t 25, 4 12, EAIER R A BB BB
HEMRE. EHAZHARTHBHERT, EHHR
LRV XKML TER B B R o BOR . AL, ande
X5 G MA B B KR BT R— N EA PR IERBT R
IR .

ASCHRH T —FhETEOH R A B B SNN AL
BEREMESIEF LN BEME S, #tm AR R ME K H
26, SXBIER, ZEEMNHASHAHERNMERAR
HHARBR, I HE BRT B RTHH AR BB R T
BEA, MAACE RN SRS RERBER.

2 Wm&EMIR
2.1 #FHE

EEBE G # Laplace HE R — A EXREM L, I, =
—1, QR A TR B, E R 0, XML ERTT
R LFRTEIWE. BT Laplace BT BT HI R
0, Y, BERE BA —AMFEIE S 0, B R FFAE 1]
B 1. AT LU FIEER , R oA T AR XS L A 4FAE 1) B
FI%ITCE P R—3H B R R T E RIS, X

AN ZEF ERE2EHE S (10771092)F1 97373 H (2004CB318000) ¥ Bl

BEW1965—), B 842, TEHRF I ATEE H LML T EPRE, E-mail: xefd@sohu. com; 3 F (1984 —), &, B4, FRHA
FECHATESE: R ®AT1—), &, ¥, TEFFRTMIATEE® FQ70—), &, P1F, TEHR @ AR EME S HILER.

+ 186 -



BIEF4r MBI ERE, Hik, TUREE MR
Laplace ERER/MFIE(HE Ao AT R BIAFIE (&, Br F IE T & X
B B BB L5 AR B T Rl — 4L B, Wi BT M £ S0 T I g AR
FEME TS A EE A,

WESEMTHALEHIEEHBHIMNE TR B
M AR REME B, 1P LRER EFEARR
FIEHE W B KMBEAR, et BE R A EmE P
KT ME#H TR SRR IEANESE. BT
HEARNBTEER T EE B S MREREN, [F—
B RTBE T SN MR R R EIE. REX—#
B8 B B3 LR [ B b & SN TR 416,
FHEBTHAEER  AH T M MERzMENEE, 58
FHSERME ZBEENERE LB,
2.2 SNNE{IEER

HE 558 48 (shared nearest neighbor, SNN) AH ML BE £
FEEHEYPRENTL, AN={nla; =1}Fr-TK 4
BES HPE BN EFLMEE a; =1,FW a; =0, 3t
FRABE—AME, HT LB T A SNN HEUEERE S, Kf

N:NN; %3 . .
_[INON] ¢a@%ﬁzﬂ$ﬁ;£$ﬁ%%¢ﬁo

S§

0 1=
SNN FUE R B T B = B+ A RHEwN. T2
RAZIEE SNN AHLE S 0, Bt SNN AHUEE 45 B 2 AR A B
H.

HREPRNT AR EHERR, AR E RS EE—
SER, BARIX T S A SNN MRS BN MR ERR
&, B0, P RBEA T KBS0 6 7116, EfTZE
i) SNN H{LEE K 4, AR BEXT AT & B B R T K T
JEE. HI, M T —MEOER SNN AURERE FER R BX Fh
B

BRI GH 2 AW H T H M 4R SNN I UE 5
B S, BAR S RxdFRAERE. & L BHthy SNN HUERER S,

§y =32 Seh b W M, SRBT Mg FE—T R

HHAW SRR EERE, S AN IRER.

Xt S'HATATAR AL R R BIERE S, B 8" = K
« SLK' BT fER, KX AR EHTR £ = ‘]@s'g . H
UEAT 0 S"E R Y B R AR IE (BB 1, 4 R A R AE T B D 7 L
FRE & .

3 —MENAZREX

X F— A4k G5 H OB B R 4% . BRI ER R g
WIZIEREAE g—1 MEER IR 1 B8 —36F FUAFIEE, Wi HAR
MIHMEESS | AHBMERE. WH,X g—1 MFEMEREE
fiE B B A A — R F B B A G ARAE TR g — 1 DMFERIE
B, F—+E A SR TR IEFEE . Hit, REMRSR
X g— 1 AMRAE [ B, BT LUR A E TR R4 R R0 5
HABIRY g MHEEMY .

BR—TEE o M HAKEEME G, BRHARID N g
B B M4 A0 SNN U RE S'. HERF
STTFRELE BB E N EEAER . fTHERY
FHIE(E N 1,3 B 5 URHIE(E 1 BGERE, h R B/MRK
B g— 1 ME—IEF UAFE R B . 5 iX SE4FAE 1 B4R N

BABEA,H FCM B #7225, 188 g— 1 MRS RI 4
SR, BE FAERE QRERMASHNRIHER. T
BiX g1 1RSSR QME, HbhB KK QEX R4
RN ZM &R ESH,

BHMEASBH#RIT.

BWAEA n MW RWEZRNE, FESEENER g5

L f IS CAT L TSN e

Step 1 HE MM SNN HLIEERE S,

Step 2 HEREATIRELSS 18 B E A IS I & .

Step 3 HEHE—IEFAAFE R 22, W HEDREHELHA
FCM B EHHEH#TH4. REBANRPER, HABIRY Q
fa.

Step 4 IRBBIFEM A RBV/NIFT A1 =12>2022 222, BRI
hE—E B EARN I DEE 14 EELE 3,

Step 5 MITE A g—1 4 QPHREURAK Q 18, % QAT K
B2 4345 5 B S SR M 4% 1 B AL R S5 I R 43«

4 B

4.1 Zachary TFili{EREMML%
FIFA SR BB B9 Zachary M4, Zachary i i
WE L E— KPS FREARTRA 2 RNHAETS %
7o M T % . R R IR R 7 (R R R 2 0 1) R
Pet T AL B RABR T B /MLRE. M%H 34 MK
BRH R AL SLAE R 5 4, 78 R A IR R T B 2 ]
HIXE.
HRASCRBNEE, B EE S, 3 B HARREAL,
REERFHEERERNR. bTFRMEEMR 2 Mt
B, M R e IR — 25 — 3 W FLRHE 15 B AT B A T
AR FCM B il 504025, BB 45 Rt RE i) QEK 0. 235, BF
SRS RN B, SRERNE 1R,

B 1 Zachary IR FHERFABEA LR NS
4.2 231 THgm 3LEARE

FRASCHEITTEE 2 FniMg, K Mghad 23
AN PR TT LA R 3 M H .

B2 fy 234 R A 3 M HI R
WREBASCRE TR M 4 B B S5 G5 R 5 R P 45 4L
HgEHaARE . T AR SR M AR AL SR i AE R
HFRHEEAAFE ) B . 1 TS E Mo 3 M, Hik
+ 187 »



HE R EEE 1 WRE S MER M RARERE 1
1 —IEF UAFAE ) &, Fi FCM 451 %8 53X B Ik B 2 B A i
42BN, 4 D=2 o, XN MR E Q EE K, LA Q=
0. 4116, W FL %t 17 By 43 K 25 5 5 IR R 45 AL B 5 AR ) .
4.3 R

R A A SO RN R B ER AR 45 AT+t A S e % 43
Mg SRR 115 XERBA. 613 KARR 63 HFEF. X
HEERBAGE R 12 S/ DNH L AN NER 8~12 TERBA FE R —
AR R EIERBA Z B L SRHE S

BEACHE, AT E BHEUEER S, s ik
RGBT EREE R, dTREES R 12 4HE,
HER 11 18 — 36 F LFE R &2 B FCM #4723 25/
A, FEECRREABKE — 6 FUARAE R R D Xt A B R B
LI 3 BTN, B A bR R 7R R IR S L 5 — 3B 7 FLAFAE 18]
BB Y trFm P FCM Xt 1% BUR 95 4F 1) B #4747
EFBAMNERMNN QHE., APLRIELBELNER,
tRIH) Q BB KAE K 0. 515, B2 I FIF Laplace R E B
HEH SNN AL BE SR o, £ B A SO RR R th SR AT H B,
RN QMBKMEN 0. 4. BR, FAAXEEBIMN
AR R .

0.7

06
[ -1 S R
2
b T e~
o 03 o~ N
{02 ™~ o
0.1 4
0

2 4 6 8 0 12
E-EFARERRHNMD

B3 BEHORRESE RE i & xR R AR L

BB, Y Q KB AELAT R B I 45 41 B 25 4 il 4
4 B, KEBYPOW S8 5 Mg Py HE, RE L8N
HEiRS. BFIWH 29,43,59,60,64,91,98,111 5EiHA
P EBRREL, SR S ZE B SNN HER N,
At S BIR S .

B4 D=10 BF xR KB W48 G540 21 4>

4+ SR GN 305 MID 730\ FCM #0143
HHEAR A Laplace 6 R & A X H Bt B4, T8 8045
Rk 1P, ARPEBETT LUE A SCHE BRI 44 H
HIEBIRER .

+ 188 -

F1 MAIREI SO RBRARB AR

i B # #HRE EHE
GN 11 0. 601 78%
MID 1 0. 5985 91%
FCM 10 0. 4673 90%
ES & 8- 12 0.515 93%
Laplace 12 0.4 70%

SR ACUH SNN HIUE 5P B RS,
BT MRS . ST 53 F 4
4390 B 6 P45 R B I 0 AN SR B R XA B S MR T
BRI P48 43 S SRR S . P-4 B 1B K BN 4B -4,
BEW A FRAREA U LR B RS T £k
BB, WA SCE P ik P HI R B B R4 LA 7R
AR 5 B AT L RMAT A L R B A L, R
8.

2 £ X W

1] AW, ZEN.EXR E4MEER RENAIMI i . %4
K it , 2006

[2] Kernighan BW,Lin S. An efficient heuristic procedure for parti-
tioning graphs [J]. Bell System Technical Journal, 1970, 49
291-307

[3] FiedlerM. Algebraic connectivity of graphs[ J ]. Czech Math] ,
1973,23.298-305

[4] Pothen A,Simon H,Liou K P. Partitioning sparse matrices with
eigenvectors of graphs [J]. SIAM J. Matrix Anal. Appl, 1990,
11.430 ‘

[5] Scott J. Social Network Analysis; A Handbook. London; Sage
Publications [M]. 2nd ed. ,2002

[6] Girvan M, Newman M E ]J. Community structure in social and
biological networks [J]. Proc Natl Acad Sci USA, 2002, 99;
7821-7826

[7] Newman M E J. Fast algorithm for detecting community struc-
ture in networks [J). Proc. Natl. Acad. Sci. ,2001,99:7821-7826

(8] Palla G, Derenyi I, Farkas I, et al. Uncovering the overlapping
community structure of complex networks in nature and society
[J1. Nature,2005,435.814-818 )

(9] &4/ N ERME PSR INERIIRGRT] &
REGZSH KR, 2005,2(3):1-12

[10] Etk, WM. HEMEPHERET —HEiL '5 REFIL) . R

54%,2005,23(8) . 62-66 '

[11] Capocci A,Sercedio V D P,Caldarelli G, et al. Detecting commu-
nities in large networks[ ] ]. Computer Science, 2004, 3243:181-
187

[12] Newman M E ], Girvan M. Finding and evaluating community
structure in networks{ J]. Phys. Rev. E,2004,69:026113

[13] Zhang Junhua, Zhang Shihua, Zhang Xiang-sun. Detecting com-
munity structure in complex networks based on a measure of in-
formation discrepancy[ ] . Physica A,2008,387.:1675-1682

{14] Zhang Shi-hua, Wang Rui-sheng, Zhang Xiang-sun. Identification
of overlapping community structure in complex networks using
fuzzy c-means clustering{ J]. Physica A,2007,374:483-490



