F43% 5123

LI T

2016 4 12 H Computer Science Dec 2016

EF5| HEFR MM % EE4XIRMNEE

XxkE ERFR E OB % &
(FhAZEEH¥E5TRFKR LM 110819

i B AUHEBABERANLLAASRNEEGRR, FHTHEF 808 AvFran EL2matirtgme,
HEGRNEEZCERALTARORERNM, EEHAATELARRINFAAEARETATFIN AR FHOmRELR
BUERARRANEEGWCR, ZHE T AARFTENARFRGFTEATCYT L B F L5 PV S35 A
B-FHAFHEFRE AR FERARRIABFRATE—HEGAHAR , REEATRANELF ELANEL4ER, £3
NETMBEBELOTERERAN, bAGHERARFEA A x4, GWCR ik 59t R ek B &,

x@H NABRF . HERN, ML, TAEK
FEESES TP393.02 NEKIRIREE A DOI 10. 11896/j. issn, 1002-137X. 2016. 12. 027

Overlapping Community Recognition Algorithm of Weighted Networks Based on Gravity Factor

LIU Bing-yu WANG Cui-rong WANG Cong YUAN Ying
(School of Information &. Engineering, Northeastern University, Shenyang 1100819, China)

Abstract The recognition of community in complex social networks by mining big data can favor the quantitative re-
search for economic, political and demographic problems. Community recognition algorithms have become a hot topic of
current research, This paper focused on the research of overlapping community discovery,and proposed the overlapping
community detection algorithm GWCR, which is based on gravity factor of weighted networks, Firstly, the GWCR algo-
rithm selects the node with the largest gravitation factor as the center node,and uses the gravitation factor between one
node and the central node as a measure. The node whose gravitation factor is larger than the threshold will be included
in the community. Finally, overlapping communities are discovered by identifying overlapping nodes. Experimental ‘re-

sults on three real network datasets show that, compared with conventional overlapping community detection algorithm,
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GWCR has higher modularity value,

Keywords Gravity factor, Community recognition, Weighted network, Overlapping community

BLMFF . A ERRAEINERMEHERX, WAPR
KEM EAFMEEERRN FBERIMER . XM — AT
G 4 2 B RPN RE R ML, X
MR RA — S REA MG MR R % TUR R
2y 5 S R AR AR X RO 28 OB TT B 4R s AR e , R 2 W
FHPEFE TR RAFRDSHPE A, SRR, — 855 A5
ARERBESNEE LE, TRAREF SRR .

HXSHRE MM EZ —, BEMEY A8
AR, HEVRIERFXER R MEFTHARNESR.
A5 IR P 4% TN B R 1 X IR R R B R
&, AR X Z BT mOE A LR g, B, R
P X R REXGBEHE RIE RSB B XSS
WA REEERIRARTR, W LR AR REE HR
HIRERRPE A RS B ar PR, MARLHR R IRR%E
FAEET ARNETFEMX, XS ARAERT RS
FEBNVAMERAERBMK, MERREHTEELXIR
B E MR H LR

A AE LY IR PR 51 0 R R AR AR A 2 R 4

2 H#9:2015-12-08  iR1& HHH.2016-04-23

A E AL R RS, B T E TS5 A EFHMRMEE
Bt XN 5B 2, B GWCR (Gravity Weighted network
Community Recognition)& ¥, GWCR B ¥ S W&
HEEREWRS NE I EP RS, B T AR
BT SRR S, Bl HBY A 5K ZREME
B FR/ARAEH SWIER, HEF RS EET SkiRAE
BHX,

1 HxXIE

BRIASMESM XK IRFEE B4 ERNL . B
BEESR 3IXK A TEEHNESRT K RGIEEL ETFHRILN
BEEMHRKIRNERURETHBEMNESH KIRGEE., T
EieHyEE T EAQE R H Palla 12 H 89 CPM(Clique Percola-
tion Method) B . BB AT HEA BRI X ATH T X
HBTFAARENEEMERSERIRE . b, R348 H
T—HMEELXERAPFRRERES VR KMR 5K
A TR E AR R X X A 2 A B BRI B .
WS #4704, Hd OSLOM(Order Statistics Local

EXZERE AR FES (61300195, WIL4A B AR ¥ 4 (F2014501078, F2016501079) ,

LA RBHI H (15210146) , T TR ME THEH R — I 8 (L2013099) , F 2 5 R R B (201401A028) % Hi .
Rk E1978—), Lo W4, 00, TEMEH A EIESE. E LM% TR 963 ), &, M+, ##F, TEFE T M T AR 5E
BHE:FE KAL), B, Mt , FEPE ML B RN 3E @ (1981, &, 4, YW, TEGEF Mo NG ERL.

» 153 -



Optimization Method)™) 58 1 53 38 fip 5% M B 4 X P9 890795 45
Sk SR AT X 38 17 B R 3 45 B Baumest 42 Y iy — b
[ e S = A S G oy vl D S U e SN 29 =
IS A R BT SRR B X M B KR
£ ETHENESLXKIRFIEERERMEEZSR N E, K
P4 B o B S B S R S B R BT S R B B il il
RPBEX RGN HE ST EZEMEE. BP Km%
AR T R TS B HmGHA L KRS B, KA R4
X} P 4 S5 M BEAT S B R H B/ D R B R 4 BE o B A 4
X4

VA E R BRI AT R R O R 4%, AR 48 B ] 2
PR T AL, 225 — B o AR W 48 B4t KR 51—
A HEER . B BTE A Y SCER U AR R 45 B B 5 43
BrEE i T 918858, SCERL7 I3 AU 4% IR s iR R R B
AT T 40T b, SCER[8 4R H LT R i R BB
TR IRSIMAR M e ESHTIX,

2 ETFSINAFHERHKIANEE

2.1 EHFHXIRREEHEH

BUSEHE R g 2 W 4E AR 0T LB ST A A W 4%, an7Edt &
W2 £F 300 B AR FT A R B 22 (BT BR AR B R R, BB
P& PR RAET AR SR A E Z R REE,
15 B PR AAE AT LUR BRI R Z A TR R/ A
%4 £4% B % BRIV VT 4t S R T S I 2R 4544 o TIAS I 48 ) 41 DX IR
BN T E#H P BN, BRI M NE .,

HARMEE AT I ERR RN A E 0L
i ERHERS . &5 RN ENTRE AR IE
. SEMMERRRL, ERMETTAEEHATER
AR AP TR R 0, S ) 5 R M
PRIERRERELR, SWAZEMERRRL. BETHE
G e, RSO R EM S P EEREE AR DT
R B T L ) A BRI R BRI A Y R Z RN
BEE.

AL, A R 48 0] LI SO 4R . AR
HIR , IR B PEIEER TR A R R 05 1, MR W AHZ
o3& 2 AL, SCHR BRI R I AL E AR AR R

BM% G=(V,E),VREME R 8L E N MEFH
M. MEGHRPEERIW, MR R 5V ZEEH
EEAME, W w, KEAT A 5T ZEBEHNE, F
i w; =0,

2.2 EHEEX

THENEEPIBRESS BT EX.

FERFEMED, BT RNEERERR, AR A3 H
b9 A SR AR B S P 4 BRI T
KB ERNHAEREMT SRR, TANESR
BRI T W AEEANERME PR, EERRE bk
ATHAEREITNETH DR, TRANEEBRERK, ¥
SRTHA SRS G BRSNS T8N, X
EESHAGI EEF YIRS ETES] 15 a9 Ve AL 3 it
Fep R 2 18 85 01 SR8 R B B e BRI
RZBWEINETHNEEEREREL, EXMES,H
ROEZRE L ERERT SRR R, AR 4
TARBERME LS G H AR E R A E Z R
B, B A SO 445 S E B U AR

+ 154 -

EX TCHEHB)  IARERT R EMO R 5H
HEMERAMREZAL.

DG

M(i)zgle €]
HA L, DO R A RIS A (ERLHN L w,
HEVE BRI FAINE.

X 2CFRAZEBZINET) ERFMERRARFEN
RZIB 5101, 2R M4 T R Z BB R K BB,

PonTey
F, __Mim Wy

FLIENS) @
Heb,i flr A RCAREHHUPANT S, m=MOMm,=M
MWEFFIRTR TR h R, AT S 5 SR 2R
EBREESFAMEZM,
BN IHANFTASIHEF) EaMEhHE5HM
FRWBIAZMELAXANA T AKAEINABRT. AW
FAHEBIHEFR.

n=lomnam 2y
F = 3 miw; (3)

‘ jgldz(iyj)

oy n AP BB m (m) AW R E DB A G,
PDAVH EWA ) ZRES WA 5WA; ZRRER
BRI swy AR 50 ZERARE, EX AR5
TR ZEFRERETEFANNEZR, FRWTHES N
BB 5 W2 P AR W R B TR T F R .

EX AGXSIAEATF) FEAFAME—FFEHK &
TR ZE 5 2.

F, = > Mm% 4

' "Eldz (i,)

Hi,n AKX e AN K e PR, KX
SINEFHRXER TR EREMREZAEENEERE.
m; Ml SRR MR BB w B RETAE 2
(B B B AR & RN BIALE Z AN,

EX 5 WERSEME) WMRMK ¢ FEWH S H4E
TR BT A—THE ¢ UFRALX ¢ A9 8 ¢ 4Rt X,

EXCARE) HEERAE-NTARTFESEAX
R, B PR AR EE X AT A SRS KX
B HBEF5WEMAESER KW R S A EFZ A,

ms(ic)= TF'" (5
K, Fe a R SHMSHENMEKZE8EIEF. TN
535 SRR A Fy 30 S M A 5 EMSMEX
Z WS EFZHM,

AU R RS X W E EQ(Extend Modularity)®!
T E B KRS HERE#ET Y. EQEEY B Newman %
B HBEER B BR  2 7T LA TR E B X LA R
SR, R B A (B S , AL X R 43 RO BUR LA . 2010 47, PR
Beit B AT ML RS AR S TR E R AR IEN EEMLKX
RGO, HoE T

1 kb,
EQ= o g:c anam (An om ) 6)

A MG RSPERERE, R « fl v ZEFE—KED,
A Aw =1, TN Ap=0;m BRI BRE c B3R R4
WX EE b Mk, FFIRT S u v B a a2 B2
TR u VR v HE THX c BMRERE.

RO BT, 2B T IR, K4 ER A
I 2 AR EERE W, BV R 5WE ZEE




B, w; MERIXFHAT S EDNRE, &K O,
ms(ic) smsGOHIRA (DB T A i SWERj TR
FRBE MG M) AR i WS B Wa B
élﬂ%*ﬁlﬂ‘]ﬁﬂiZ*ﬂ 9WA = %W{.f °

Q= st(ic)ms(jc)(Wij—]%‘ﬁﬂﬁ) %

c€C i,j

2,3 GWCREZMBEKL R

ZEREER I WAEM: DWBRALESEFIHRPOT
HG2)IRBREX;3DRBEST A,

EVRILE B B A T EbriEh F, BHZ T AR
BRI BUE AR, AR HFTIIHERIEEHE, #ARD
HEHRE T SANE MO . BEXCOHEREN SN ATESI N
EF, R A RBVNOI A THER , ARSI EF KM R
PRSI 1B K, EERT LAVE 4L X w0 AR BEA T4 X AR B

TEF KRB B, E B0 5 B AR M B An SRR Ay
ROXERER. gAEBRERN FRWTRP ARSI IR F
BRMT RERMTE K o, BN AR Fick sy T. H
KitEHRAET RS RZE MRS HE 7 B3 A
Rpricech T. HEWTAWBEEE, MRABEXTHRE
B BME B, M SR A X, IR A Ric i it R #Rid
cio WG HETE N L, EEREBERNHRICH F WA,
BEITERER THT S 5EMASHRMEHRE  BEBEA
R B E B R B X, I RIS E R ¢ .

25t ERSE, R XA EEEH R A TR ES
X, MEH— SRR ES T A,

ATHERNEERFT A FELERHXHARTE. &
XHEEENEEEREIEMSEM XN TERIIRTA.
B KAREER BRieRP SFEEN#EX. B
FILEB; GEHDERTR WBBETE IEMNERX., E5E
BWXAZITEB: ZERT A IEMEX, B FEREBH
TR R 7 5 AT s — 2 Ak, BB
B PBETAWRT R 5 ER—#X, N B; =0, &M
Bi=c;(c; IY A7 AR XARR). EEM B s, mE
B GEHREFEF 0, M & A&7 AMBRARTE., XF
HANECEFTERRARE. b FHXRa 8 EEENE
PR Qu - BB CERL11 R B9 EL , ZE R M 45 o, 47 57
P EESHAPHSESB LRSS, EHEENEET
EEHASHANERERRSZAHB R MW, X Fmm
BT VAN SENTRESN ANNERREENE R
bR, A SCHEAR I A E 2 FVE N B v e N IR E B4
KA EZ MBS HTAERERT A, TR
HEE py (WEXAVE o MEL X o FHT RNEDNE
ZHEY R v FERERX o; PR SEHNEZHMI.

pg(v)=7%+(l—y)x§3 (8
Hb, w (DA TR v SH—-#HEWRERAWNEZM,
w; (DR H R v 5PBH—K o; PN EELHNEZ . MR
w (V) >w (0L M y=1,F W y=0, ¥ p; (V) WENTHE
AN EET . RESY SNEE OLND #AWT.

BiE 1 HHESETSEE OLND
INPUT:G(V,E); B{H o; MR ER R W
OUTPUT #t R4 C={c;,c3,***sc.}
1B RSEER A
2. FOR (each node v in G)

3. IF (v it X o MR RLHSHE o PR RHE

4 calculate p; (v)
5. IF pj(W)<a
6 vE
7 END IF
8. END IF
9. END FOR
2.4 GWCR #iE#iig
T EX R T BAAHR .,

%2 GWCREE
INPUT: &% G(V,E); Bi{E B; M4 G FAMNERE W;M% G+
AN N M
OUTPUT: MR R EE C={c),c2s 0 rc,)
1A E M4 SR MO, 38 A KRBT 31T HE
2.8 ="F */ /' RAT siE R ‘F’
3. M(i>=§w;//i+;€}9?7ﬁﬁ5ﬁmﬁ

n—lm.m:w;
4. FF%W‘?/H‘I‘%EE%?)&B‘J??%%UJ%?

5. 58 F, WREVNRIBUF#ATHEF

6. FOR (BRI ‘F B R0

7. #H F SRR HEA TR o
8. S(H=T’

0. FOR (R i FTASERRD

n
¢ m;m:; W

10. F,= X2/ At KB HEF
,=1d (l;J)
1, ms(ic) =pe//H I TR
=1
12. S(Gy=*T’
13. IF ms(ic) =8
14. S(P=q
15. END IF
16. END FOR
17. END FOR

18. FOR (iE A ‘T’ & b /RS EUERE— MR W &
19, FOR (Wi ) k BfE—4B4EHX ¢

20. ms(ic) = NI:iC
ZF

21. IF ms(kp)&FE K

22, So=q,

23. END IF

24. END FOR

25. END FOR

26. OLNDQO//RHIEBH A AHEBMR
3 XBHERSHW

A M BT R B M AT RN, B RRI A T
AR M5 T B R S ECRR T, IR AR R RN 3 M ESE
4% b AT EDRUR MRS LIRS .

3.1 iR IEARISIE

AT BEAS SCHR H A HNAY 4% E B 4t KGR BB B B0 PEM
45 Qu. WIEFAYE, FE S HME RIEMIEN EIRM L.
HTFXNPAET LLEERTA BN EERN 1 IR,
AU R S IR Q. SE BRI MENWESH X
TEM AT Qo 8T .

L8R Newman Hl Girvan 25 H B9 B A RWTE
P4k, ZMEE 128 MR AR 4 MEX, B R R
BHh 324, MEMEBRF A NRE—-&B, X 24
FEATF 2 PARE A X N EEERER P - W ALTF B — 40

+ 155 -



X AR 1— po . WEMNEFBSENTANENHSEE
#H 16, AL pa. LA 0. 05 g2, B 0. 05 4% 0. 50, 52
g RN 1 BT, BT BT B9 08 A B BT X 2 A v X )
SrtE iR AR TER Qu. BRI FE AR R N

07

06
05
04
03

" d et

Q.

modularity

02
1A}

[}
005 01 015 02 025 03 035 04 045 05
Pour

Bl MR Quo KIRIIE

3.2 BHAUR

FIFH LFR 4 509 W 45 5T B ik B 41 B M RR R HE4T 4397,
B i A R P R A X 5 4 vE R E 9 NMI (Normalized
Mutual Information) FFRFFTIIA. NMLEH AR &GEA %
TEE A R Z 0 M4 S BT RS0 HE X B UERR R, 8 =K
(DFF7R

C
- zéca 56, log(E5)

NMI(A,B) = R T 9
EIC,- log( -5' ) +]§1C)- log(*CL )
Hd,A,BEMS C HBMARKR,Ci(Cs) A (B)
HE BN Cy RRFREA i 4L XH B PRy XK
FEMNKE,C RREA b MEETEMNGCRRN
KRN EMER. BERRRHEERRSNEX 5HELH
X L5 H3X PO~ 6 22 8] M AR AR B, BB R R [0, 1], B
EREET L, RAWNESBAL., MREENERSE

LB K ERT LB ARA NMIAER L,

LFR 1 I 45 {8 15 100 2% #1599 BE 69 20 A At X i K
ISRV SRR, KEERONES HENY
B K AR N AR 1 5 S AN
FRERMAN R EERN o 5 X8 o HRESEB
EFEEN 0B 1, BrikZsh, LFR #BEH HALRAE M 458 45
RIS E S8 N ZRME T SN SR R M
T EMTHER B8 i TR NG BT RWBNEER 25
b ZE 75 VAR PSR RI B KBS B8 Coan RN B/ ML
X AT A EG BE Con B FUEL SR R BAE X Y S84
BUATHEESHX ZEEAFHSR O, ERMETHE
ENARBHEMM.FHSH O RAMBFEEN A
SR 8

R T IR R R R A LFR A8 3 28 AT AE B
P45 . 1D FREM 28 S(Standard Networks) ; 2) KB R4 LC
(Large Community Networks); 3) K AR B 4% LN (Large
Scale Networks) ., 3 MK HSEILEINFE 1 5.

&1 3XLFRMAHKEK

S 1.C LN

N 1000 1000 4000
k 10 10 10
Kinax 30 30 30
Canin 10 30 10
Crnax 50 100 50
© 0.1 0.1 0.1

Oy 100 100 400
Om 2 2 2

o 156 -

il ERERTUED EX 3 AR ML L,
GWCR B MS% S BUETE 0. 6~ 0. 65 [a], BILEEB B
BIFHRER WA 2 iR, BENA T SEREEBENH
18, R RME SR E 27 SCRL12) P 3T T Bk, A SCFE A
BHR o BUEA 0.55,

1
09
08
07
06

05 S
04 ettt LC
e LN

PIPPFPITPOCPSEIFSF O

the parameter B
B2 FRESESHINLE
3.3 LIOWIEE

AR 3 N E B ELREHITERNEIE, F—1
BIRERKHFE s FREARFRR EAXRMED,
B 20 42 70 4E{RRIH Zachary WE S FHEE KK, BT
R RFR AL R 2 B ) 56 R B 57 B9 karate P4% ., RM4H 34 4
WEARESTD 34 MR, NBHFIEARNEN 178
E 1, RS RRZABRRNEFREE., FITEESERE
M Arxiv FEETURRISSORBE R BIEERE N TN
TR R4 , P4 p 591 AR REABRE TIBSCRIER W R Z 1A
MENFEAMEFE IS XZ A HXR, B NNERRE
FHZ S HAMKRE. ZREER 242 M8 684 £, 8B
=ABHEE R Facebook-like social network ${iB4057 | %8
BEMRIMMICER AR E MRS R% . EEs
1899 MR WRRAREAE  ARRFAEZENE EEZH
K3k ,h ERREFRREZ ARG BNEE. ¥ Facebook-
like social network ##% & ¥ fb 24 TC (A1 AL B HEA T SL 56
3.4 XBHERSW

FBHFE—EEE N Intel i5 2. 27GHz CPU #1 4GB DDR3
WAENEILE T BIEREN Win 7,4/ Java B 5 HE
EH,

% B SANEEME BAXBEUNEL SR
BEEMXIRGIEEHT A T Qo fERIR M4 K1 X
EREXEBREENUR SE&RANESHXIRHEBE
COPRA Algo-
rithm)) , LFMP A B CFindert'® #£ 47 8. COPRA &k
£ Steve Gregory F 2010 FFHE B EEB AR E L, b
PR IR N F B A KRB LFM B2 Lancichi-
netti % AT 2009 FFR I MIBRREIR DI BT R X REA MK S
43 B IR B —Fb AL 3E T B4 (Fitness Function) B4t X iR
BB, Z B TR A W 44t X 243 ; CFinder & —
FhEET CPM RT3 1, EREE A & h F HhdE 2
KA ERE, FELLEETHENTAMEHNHEE X
WHRES. Bl LR ESM KRG EER#TYT R M2
ERT ML,

BRI R Y karate b7 T8, XM RS AL
AT SRR NG, NEEHEH. 2EEE
karate BIZ&30 23 3 ALK, A3 5IR 1=(1,2,3,4,5,6,7,8,
9,10,12,13,14,18,19,20,22,30,31},c2=1{8,9, 10, 15, 16,
19,21,23,24,27,28,30,33,34},c3={24,25,27,28,31}, &

NMI

03

( Community Overlapping Propagation



A5 aNE 3 FiR , GWCR BRI 445 B 1 Q.. (8 1 COP-
RA,LFM }; CFinder #35 B B 5 .

karate

072

\.
%
/‘/f/

Y
R
A

53

R

7
25

2

oo
L
R

AR
%

22

g
7

B 3  karate M# EPSTRRIBEL Qrw
HWR FEPRIMLE Arxiv SRS DT, SRR N

B 4 B, GWCR B EFTIRAIM KN E S XEREH
BT HAM 3 M E .

Arxiv

B4 Arxiv % EBITARIEEN Qw
BJR M 8RR A M 4% Facebook, S 45 RN 5 fr

~,GWCREEN Q.. A5 LFM B RN EAHEFE, IEHZE
BRERH TR S,

Facebook

0745

\A
Y
5

\4
o/
s

2%
¢

bess
AL
AT

o
S

5
%
Ve

Sy
VA
S

‘)2)
L

R

%2

2

P2,
P

s

£
Q
=

B 5 Facebook M4 AT RIEEN Qo
P ELMMBGE SR, B 3#E1T T 50 IRLW, LI 4

REA—HIEARIRE R R EORRREN  TRERSW
SR E LIRS UE U TR B B i v M B

HRIF AR —MEMRME T RG EBLX KT

B 2R BRI AES AINE R S RE
31 A5 3 KHEATHE, BT BT RADFIWT SR TR
MEX . ZREERAFNEAINER KRB ERER
X 5 BB X, 3 B aE T R R 035 5
Rt — XA R B R RO T AR SKE. B
AT LAE SR R0 4% P B A B AT I — AL A B R B A M
%, AT ML ESL KRN, FT—22 I EE#
Frokt , e B , (2 AR I T R R AIAR P48 B B B
XiRF.

(1]

(2]

& % X W

LiuY, Liu Q, Qin Z. Community detecting and feature analysis
in real directed weighted social networks [J]. Journal of Net-
works, 2013,8(6) :1432-1439

Palla, Gergely, et al. Uncovering the overlapping community stru-
cture of complex networks in nature and society[ J]. Nature,

2005,435(7043) :814-818

[3]

[4]

(5]

[6]

(7]

(8]

L]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Chen Duan-bing, Shang Ming-sheng, Li Xia, Two-phase Strategy
on Overlapping Communities Detection[ ] ]. Computer Science,
2013,40(1):225-228(in Chinese)

BRamiT, Mg A Z2E. EEM K AHMPME R it E LR
#,2013,40(1):225-228 .

Lancichinetti A, Radicchi F, Ramasco J J, et al. Finding statisti-
cally significant communities in networks[J]. PloS one, 2011, 6
(4):3360338

Baumes J, Goldberg M, Magdon-Ismail M. Efficient identifica-
tion of overlapping communities{ C] // Intelligence and Security
Informatics. Springer Berlin Heidelberg, 2005;27-36

Kim Y,Jeong H. Map equation for link communities[ J]. Physi-
cal Review E Statistical Nonlinear & Soft Matter Physcis, 2011,
84(2):1402-1409

Lv T Y,Xie W,Zheng W, et al. Analysis of community evalua-
tion criterion and discovery algorithm of weighted complex net-
work [J]. Acta Physica Sinica, 2012, 61 (21); 210511 (in Chi-
nese)

B R, W30, G R, & IAE M43t B RTEMIEtR R
RAFEST]. HEEER,2012,61(21):210511

Lou X, Suykens J A. Finding communities in weighted networks
through synchronization {JJ. Chaos: An Interdisciplinary Jour-
nal of Nonlinear Science,2011,21(4),744-783

Huang Jia-xin,Guo Kun,Guo Hong. Label Propagation Algo-
rithm for Community Detection Based on Vertex Significance
and Label Influence[ J]. Journal of Chinese Computer Systems,
2015,36(6):1171-1175(in Chinese)

HEE TR, B4 AT R EENMIRER MRS5S
HRENE ] DBMETBEI RS, 2015, 36 (6).1171-
1175

Cheng S X, Cai K, Hu M. Detect overlapping and hierarchical
community structure in networks{ J]. Physica A Statistical Me-
chanics and its Applications,2009,388(8):1706-1712

Newman M E J, Girvan M, Finding and evaluating community
structure in networks[ J]. Physical review E,2004,69(2) 26113
‘Wu Zhi-hao, Lin You-fang, Wan Huai-yu, et al. Efficient over-
lapping community detection in huge real-world networks[J].
Physica A:Statistical Mechanics and its Applications, 2012, 391
(7):2475-2490

Zachary W W, An information flow model for conflict and fission
in small groups[J]. Journal of nthropological Research,1977, 33
(4):452-473

Leskovec J,Kleinberg J, Faloutsos C. Graphs over time: densifi-
cation laws, shrinking diameters and possible explanations[C] //
Proceedings of the Eleventh ACM SIGKDD International Con-
ference on Knowledge Discovery in Data Mining. 2005

Opsahl T,Panzarasa P. Clustering in weighted networks[J]. So-
cial networks,2009,31(2):155-163

Gregory S. Finding overlapping communities in networks by la-
bel propagation[J]. New Journal of Physics, 2009,12(10):2011-
2024

Lancichinetti A, Fortunato S, Kertesz J. Detecting the over-lap-
ping and hierarchical community structure in complex networks
[J]. New Journal of Physics,2009,11(3),19-44

Adamcsek B,Palla G,Farkas I J, et al. CFinder: locating cliques
and overlapping modules in biological netuork[J]. Biocinforma-
tics, 2006,22(8) :1021-1023

+ 157 -



