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Multiresolution Community Detection Based on Fuzzy Clustering

WANG Xiaofeng LIU Gongshen LI Jianhua
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Abstract: Focusing on the complexity of network structure and the indeterminacy of community partition, this
paper puts forward a novel fuzzy clustering method for uncovering community structures. In contrast to previous
studies, the proposed method disposes the similarity of connecting vertices with fuzzy relation. Based on local
interactive information, it considers the fuzzy relation between vertices and the transitive similarity in network
topology to divide vertices into communities. In addition, multiresolution communities can be detected by
adjusting fuzzy parameter. In order to avoid subjectivity in the selection of cluster number, a new modularity is

introduced to evaluate the effectiveness of the clustering analysis. It is proved by experiments that the method is

efficient and stable to detect underlying communities.

Key words: Social network; Community structure; Fuzzy clustering; Structural similarity

1 355

ARG T R AR M 25 I T2 21 [E N Ah 22 )
JZRE . BARMEAE N — AT Z s 3R, 3
WRAEHENL WEE FEARA RGRT MLk
RS 2E R, IR TR Al R 5% ] L) 1 5
AT R, IFERZOAE Z N, ks
W&, EYTRE. foraft. BEsam. AT
I, KRBT AR (5 2% R AT T

SR 2% [ — N EERF AL, 3Tk X G5 T
ML R aE R S ks A AR L SR AARAT O 2%

Weke H 1 2016-10-20; B0ATH i 2017-05-10; P4 HifR: 2017-06-14
SEEEE: XIZhH  lgshen@sjtu.edu.cn

FEGTH : B 973 KEEHARRFIIH (2013CB329603), %K HA
Flp 4 (61472248, 61431008)

Foundation Items: The National 973 Key Basic Research Program
of China (2013CB329603), The National
Foundation of China (61472248, 61431008)

Natural Science

HE, WAL X ol SR e, FArAy
FEB RN e P — ik, x4 e i M
IR AR Ty, AR DN T DR T D2 A A
BRI . e, T A A
9, FETAEDGER. TR L U EAERE T Y
1PN i N o R 2y (AL S 160 W/ TV 1 P o
A 4 1 K T AR PR A DX A o B AT 2 I 4 5 4
JETE AR SRR AR A S G AT T
T BIAE 2 SRz R A 1

A DX e S B S AE U P 256 v e AT B AR
PEARREARSE L, RIVHRAR 00 256 (R4 4 2 ) 5 i e
K 194 286 v LG KT i ) o0 s TR, A A
TS (I AR AT s B AL RE AR A . S-S
EALD AR b (T B AR, (Ho2 TR ZR K
ZRVERIS R, ST RS R AR (K A
DORBLSL IS — DN HERBE K. ER M,
CA V2 AL DR ISR B, e T 18123 %01,
AP, JRAL YR L b R



2034 BT 516G 8 %R

% 39 %

D NN S 8- -2 W AN SVIE -2 N
e RE I, AERE oy iR T SE S AR T
f& FA RS Sk oy, RN AR — 1
P e, DRUARAE — € R BRI o X T4 X £ 1 &)
g5 AP JCRE ) B AR e — R E A X B
i, T ARFIMI ML, AR DRI o FTZS R REE
TSR FIANEAE &NFEDOR 2 e, Tt
otk X SR AN G BRI G o AR GEIAE X R 90 5 i 4
el 73 S K o 28 v R A — A1 R A MR 23 B — N
SE AL, 120 T HNFERR R . 7RIS 45,
BT 2% SR I S 2 M E TN 2 REPE, — AN ST e TR
g T2 MEX, 8E — N UARNSS5ES
HREIRRIMAEX, EIEAE ORI R, AELEAN
SE PRSI, R DX S5 IRATR RI) 23 B8 20 ZL S
WA 2% 45 F4

BT FadR A X Rl o B e PR ), LR 2004
fF Newman S5 NPZERH T GN Sk pt 7—
Tl PPAN 41 DX 45 0 it B2 RO B ER B P 1, ARG A o Y
A X g I R g . R GN SEAEN H
TR 265 () 1 DX 5 0 A BN e T8 v (R B 52
Z= P51 57 B R, LR R B S AT S R I AT
AR R EN A — P R B SRS
FRIGYy, AAAEKEMRSTHE, T ARk
JE 2 20 S 20 OB R AP N TS A
gl 20155 AL X SR AR G kU, LR A ]
ST HE T BERPAR AL B (RIS AIE 22 9 28 v 1) A [
MR, FUF. BB RRBERA R, XS A
FEAEX RN R Sz —. BRI, KEIAERAEX
SR I T 1RGN RS AR T AR ABL A 5 R A S —Fof
e PE e P B, BUARSRRIA, Wb Res S
AL XA G ER 2 SEPR b, 70 TUSE 2 45 R4
FEAZ I 24 v AN AR ] (R AR ABL DG R 2 ORI 1) BCAN A 2
(17, i CA—Ffuiff o R SR I 43 ] R 2286 ) 4 v I
(A E PSS

AL, S A DX 5 g R B A X 2k 4 S5
RIrBCH PN SEA )8, AR SCHEH T — RIS S
FER GBI E ARG A 10 2 5 PR 4L X R IL(FCD) 77
s RN ARSCGIN T HICAE RIS e . A
SCHRE H AR 2R 288 (1) 5 105 K48 78 2 2 Y % R A 1)
FEDX i), SR E T —FIROR OC Z A Ty Al LA 1) 1
HRETR SR i e 52 2% W9 296 v (R 4 X ) ) R g SEE IR
DX G5 R A BRI 4y, A SO S AR B 1 A 10 SRy 8
SERAE BT S I S M AL R e R
PER REAONBIRIOC R, TR BORIOC 2R 18 i A% 34 4]
FLEH RIS SR, SRS SO IR ¢ R i
SRR, AATTAS B X 485 1 2 P A X 45 4

X730 M ZINER B AN R . A FIRLEE )
BOIALI, b T SEBLM 2 s ikl o 45 R, A 18R
H ] — T (KR R R RO A e A DX 5 R B H

2 EMREXSHEXEINR

2.1 RS

BRI 58 S AROR A2 5 BEAS W JERE, BRI B2t
(7 VA B R ) o TR SR 2 0 T A A
TEN NI E R, Rk T AR+
e, TEREZ A S IR St S, AT R SRS A AT
W 9. BRI L2 N AE i 22 Ak,
YU BUGAEE, B shi R, fERE S,
IR FURAE AN W BN B IR R, BRI 2R
KM B A B, RN, BORIAL SRR A B
TR BT G0 53 4 08 R TG AE AR R

AR SCR P BE TR0 G R IR SR 2R 1 7,
FHASERY) O 28 R il R 5 2R 2R AR 2L TA) R AH AL B2 SR g
s IR AN BOR SR AR IR ok STI 19 296 45 4 1) A
BRI o AR Eh kg, SR OC 28 0 I 09 £ 15 R
DAAS [) 1) 5P JeB 2 B () ) Ja T 22 AN R 2] 1 ™
BRI BSR4 X [, BORIAUE SC R T
FAE R RRM Pz . BT RTIAR
AT B LA E 2 e X2,

EX 1 NTEFESU = {u,uy,,u,} M
V = {v,v0, v}, FUxV)RUxV LI ITE#
MARES. T AEMMALERR, HPRe
FUXV), WMHEY(u,v) € UxV), Ruv) ATEKRH
R AT Fe 9 100 (u,0) KSR S BEAE,  [RIN 3ay, =
R(u,,v;) BRRAERRIC R, et e, €10,1), WRAV
I OB R

EX 2 WNT—MEWKXRR, veV, RA
—ANBRI M O ER, aRE LA A

(L) ARME: R(v,v,)=1;

(2)RFRYE:  R(v;,0;) = R(v;,v,) 5

B)fLiEME: Iye(0,1) » # R(v,v;) >~ , H
R(v,v) >y W R(vj,0) >

EX 3 AT —MEHRATEE R = (a,),.,
HAR AT R IR /MEIE R R H(R), Hk 2
RCiR), HtR) =], ,R*, IhRec FUXV),
n=|V| .

5 R A R PERIFRYE, W) R BRI AIALE
A, HAR* = R' = - = R, Hih &k <[log!]
+1. t(R) ABREM KR, H(R)=eR), H
e(R) R R IR/ MBI G R . BOHIC R T
A 366 PR, S N T AR OC 2R K — Bole Stk . M R A —
AN TE BRI G R, X T RV RIS A,



%9 TEeREAE

Fe TR IR 22 70 e AT X R BT i 2035

HAEW KV P A 1 S — A R T
vt [v]g = {Uj eV R(Uz‘vvj)} ’ (% v; € [V ] » ) [0 ]r
= [v;]g )« FE TR R R IR T 56 br B2 —Fha)
DEELM . AW, X T E T R
PRI Se JAT B BOR 72, O6F VA #2779 ORI OC R 1Y
QIR S A B P A 246 2 IR A5 K o A e RORSER) 7K 1
fH, AI33—AEEM K.
2.2 FHRNEES

FE— WS G5 R,  mE] R —Fh 0t
W E ISR, AT DU AR R R R . TH
AL I R 1 O R BRI G R, AR SCHIAN—
PR A AR FE B o AR IR A Rk, A X
T I I [] o A AR B AL AH ELIER 3R T 1 5 2 1) S
PEREAAR . P AAE X AT 1 2 AR -l Ok R B R R
AN TRV AEAAS, A2 Dl D3 2[RI EARARL, I K HE Y
RMAELFMARE. Bk, ARAEERA Y S
JCE L, FOAARIME T DA i e 3 Bl 4 S (1)
JE kA, AP I RE AN R AR AR ALY
WREBAE . AR MY R FAR SR
FRACME B e 2

T ARG G PR R0 Al w Z 1A R
BRI d(v,w) , (ESEZRIRPIS Rl R R AR KR
N IEAN R — ek, &L A BN 1.

EX 4 N TAERIEEE k5 miv 1 kYRS
AL A BT R o BEESAK T kBT RS,
BRI N,(v) ={w eV |dv,w) <k} HIL, N@) A5
R HAEMERER T ARG N T =1, RN, (v)
KT o B Xk =1, FRN,(v) A5 v 1)
EH AL

X5 AL X T
N@ON@]+1
Sy = INOIN@ "

1, vweV,v=w

Horb, VERRMII RES, (v,w) TR0 Alw
I L. AR HEL AL B, {EAF S(v,w) €[0,1] o
A SCEE AR A @ A A AR I — B (k= 1) K
fiaj

B3R R Q1 9 A AR DU B mT s 1Y A
L RAR %, AR AR P
AAEAISR A S, FLAE R 25 1 S REAME I AREL .
A A 1 208 ER) R sl ARADLSE & 7Y s 1) R 3R] 2%
B i RAFAERRIE; AR PPT W&, AR
RN WIARL 70 7 DI RE4i . DA, 2t dndh 4l
AE PR ERDAFABLAE vy LRS54 st 18] AR ALURE L
2.3 BREEE

FE LR fie ) HT SCHR [22] S I TR i2 R T I —

FRPEATALIX R BT I . — e, — AN e
B JE 5 SR 25 TR A DX PN 0 A B 5 A Y (1
RS PR L X P 12 B 2 72 o AN I 2 T L
Bl o R AR IE% AN ]TR AL DRI 230 I A5
BRPEA— Bt R FEM o B R AR R (B R Bt
AL R 5y, FExF A B AL X R 5 H o R,
PRI FE P 25 T A A AR AR At DU AR 5 PR AL DX 2R
FEVEL, JLr G A3 7 vE A R B DA 1 1)
o FET A T FIREORI SR STV E R, AR (1Y
I AREFIRAN T RO SRR ZR TSl i AR IX
K15 HCH A B e T AR S SR AR i
(RIIE RO R AL A BORIARLIE, 3 e SRR i
JE S TCVEIE IR Ol . DRI, BRI 2R S
IR, ASCR T — MO R, DAPPAN AL X
SRR 23

ST — AN B KA XS 1 M 2% & 4y
Per XN K x K XK e, HITH ¢, F51%
W0 23 Kl 73 Hh A DX R R RORIAR DX e R R
Bty ORI BRITE, AT T
FHASAPE AR RE D JEE by B @ S SR AL X S5 K 048 52 1
KlG=(V,ES), Hrhv hWistks, B NELLE
&, DU R EE S = (S(0,w)),., VENEDBLE,
n kg P2 ARSI ORISR B oR B Sk

&[SV V) (S V)Y
0(r) =3 Sevel (e g
E¢,cemm,ﬂwwywzzmwwﬁmmo

AR B B8 K0T 1 9 Newman REERRE R £ 11—
T, MR K Q fER B AL B H Ko X
TAEX RISy, AP AN 2% R 4
A, Q BUEN 0; ML RE— A Sy
—ANFEIX, BN U AN AR o 1 i
KEREEW L 0<Q, <1,

3 ETHEMBENSOHEHXRAMAZE

(FCD)

ORI T AR SR H AL ORIV I B
BEREAIBEARE &, B 5 I N BARI AL X R I TT
Wi HUAML, ASBVERE T RUR] 1 R A HAR
FIN ARG AR LA RE 55757 it ) R BORIARBL DG R,
PR RO 0GR I AR, K AL T 1 8% ] e dft 3]
BOMISEM S, SEIAL X 25 M BRI R 23 o I 1
TR SR, 4298 AN IR 23 A 10 ) 2 A X 464
By 2k 7 dk e A T AL X H IR
BEPe S LLRE AL X R o 5 o BB AR RE A A
T



2036 BT 516G 8 %R

%39 %

(D)XFF— N2 B G, AR 2 (1) ¥ S8 b
A R O RHERE R

()RR 52 S 3 THEBDRIOC R A R )44 8 ]
£, RIMEBRBHICR HR) «

(3) B A T 10 B & SR MR 5 2R B Hh 38
15y BH(R) = (s(i, §)), t(R). I—NEM AR KR,
W —ARSRI9 4 1(R), = (S(i,5)) » Herh S, 5) =
0, S(i,j)<e
1, S(i,j) > e

W0 T 55 D0 4% P v R R A X

(AT 4 e, FEBOPIRG) P RRIEHEN], 15
FIAN [FPRLEE (AL X G548 Kl 53 AR 23 55 B T AN )
MR EHH

(5)FH R4S B[ RE—KI 53 i 20 (2) v SR AR A5
PR, e SRR SRR H .

ASCHEFE TS f R R A2 HAR R FE 454
AEARAYE 48 75 14 8% 1) 22 93 e e A1 IX 54, DAL
A ARG B TH N TR S E o B4 7 I 25617 1
R n, WZIEDLEER m, A NWFJLANTTIH
X FCD I i 2 2% AT B 00 1 %6, 1
g AR B AR, BERA T A
SR S S R T S e, v BRI Ta) B2 2% B
O(nlgn), IR, FALIESC R MBORI L I8 THE 2K
WIS h O(n®) , el , 200 HER SR B 7 22
FEASOR) {5 S I AR DG R AT LA, 3L
E273 kst iach = I 1 ISP 1 P N = A% R | - R R
ST A% O(n®) » 55 SR v BT G LU S AH L
HSRAFAE— B
4 KWHSH

HVEM BRI R, ARSCRAIRERE (Q )P
FbRAE B A5 JEL (NI B33 39 i FH i) g4 ORI
SRR BRIV FRAR o ARER AR R — P K
FEDXFTE BRI, A A A XG5 A A ) S AR
FEo bt AR B2 — PR T E e R, H T4
AL X RIS S TR 25 4 X G5 ) 2 Ta) 1 22 Sk
AR U 2 B A XKl 0 EORG 1 o

TESEIG Y, FRATTR T Y 2 )32 SR 1 ) 29
P, AR E AL, B A 4 E s 2
XTELSEHH AR o RN E S, SEbr EAEAE
AL X R o SRR o B S S R 28 A0 45 S T IE (R R
TR 25y S5 R R 2 AR R BRIE D 2% . JIAC I 485
Amazon BUA TEE M &4 55052, 55— N T4 M
Gt o R G S AU 19 28 IR A X G R RFAE
P 5 ol 19X 28 2 500 T o BN URE I 28 B i) 8
4, RIMIX M L AFAE C ARt g bk 2. H AT

o K S(64) = Lou, WAL %

M AN Ty LFR JEHEM 455, LFR
FHE Y X 8% TR s PR AR A DR K /N 24) il A 4
A, R B A B S Y 8% 5 AR AE

PEARTEE, ARSCHIHT HAT— 22 M4 XK
PSS, T CNM 57328, Walktrap 57722, Infomap
FEBTRI BGLL Sk, WS bR LT T &=
FLE 0 Mo HeAh, AN SCIE ek S 6 ok 4 A (X 40 1
(IR R EGIAT 7008, DAL AR A0 2 2 i (i
DX fa].

4.1 EMEHIESE

(1)Zachary M%%:  ENFEAZM LA b —A
LM SN YS, Zachary M%%) 32 T X
R S A AT SR . N4 ] Zacheary
MPAZARL S 38 1l 53 ) PR AL 2 A8 AT T K IR PR AE I ]
PR AROMEE, FERIEE T — A HA 34 AMEIRES A
78 ZAIUMAZ H ML . TSR B ROk ] (1)
B, W B 2 53 B AN LN (R AL DX A

TESEI R, ASC 5 V5 B AT RORT I H 9 2 45 4y v
W24 % . RN RES e, LN
(1) S5 ST 2R 1 S /N R R (A [ e R I o 23 BT K
IZHAERT, ZMZERRI R 4 MRSk, HY
Clauset %5 A4 H ) ONM SERI o i 45 51— 5, 18
BT AE S HUE, AFRECE X g5 e,
XN ASRI FIBEER BEAE, Wil 1 FroR. Mkl h
4 AR ZE R I AT B K IR RS, 17T S D 48 0] 1.
(1) 2 AL RN AR, P AE A /K AH
M, AR A AR M RS M R . T AR AN 8K
Wb, AR AT TR, LA DRI G RS R T A
LIP

(2)Football M%%:  Football MZ&Hiik 1 5 H
KEF A R BRAAE 5 R (1) T R, LR g ok
FORA 115 KRB, e IE I RR 613 3%,
XA M43 A 10 AN, T8 AE/NL P S ERBA 2
[F) 1) bb 2 L /N2 TR 1 R L S8 S A 2 . | I
R, A AR ORISES .

R 5N M 2 AT SRR oy, AT 145 2
THMMR R WS, PI%
Y 10 AR R 2 45 S0 A R, B SEBR
LR AER 3, TR N s KRR A . SCHR[4]
FEH GN FIEXHZ N g A THE X R, ANHERf R
AR 6 ALK, H CNM A AEAERA IR 1 3] 4
AL GRS PR SR, ARSIL BRI
SN HRERIAL X S50 (2T 10 LX) . T
W 285 A J] LA R oo PR 4 DX 5 MR, R 43R 4
HBHE LR FF AL DX SE M (1 5e HEE, IX— L% AT DL BLAE
BEREAN R4 DX R 3 1R 202 AR R B (B AR Ak |, G ]
2 IR



9 RS ST ORI 2 0 Frae it R RN J5 32 2037
0.4 Uy
0.5
o 08 o 04
Eoz §03
2 R 0.2
0.1 o1
0 0

2 4 6 8 10 12 5 10 15
FEIX SR H K X gk K
Bl 1 ASCET 1 AE Zacheary 94 48 P (REAEDRI AL IX 1 4> Kl 2 ASCHEAEFootball 4% H T ASRI #: X 1] 23 45 5
(2)SEE Tt BRUAEPIAN M ZEAh, AR B /N DO B KA DR A AT H5 AL

RS T Hh— BB M AT TSR, IR XTI T
FAl AR X A B o AR SO i FH S8 P 48 B A
SR 1 PrR. £ 2 NURASCEIRAEN T 5 M5
RAEIX LS EL S P 25 v ) SR 45 2R

F1 AXMEHRERFITER

EVEIIES s puk 4 Hik

Zachary 34 78 23 A AR ) %

Dolphins 62 159 KA & C R 4%
Football 115 616 FE R 2 A L BRI 4%

Polbooks 105 441 V. b 5% R 5 45 9 2%
Word 112 425 K S /0N U ] S 4 D %
Neural 297 2,148 Elegans #1254
Polblogs 1490 16718 e BUA & M 2%

% 2 EXMEHIEITEI LLER

b CNM Walktrap  Infomap BGLL FCD
Zachary 0.381 0.353 0.402 0.418 0.415
Dolphins ~ 0.495 0.488 0.5247 0.518 0.526
Football 0.549 0.604 0.568 0.605 0.585
Polbooks  0.502 0.507 0.523 0.521 0.541

Word 0.295 0.216 0.009 0.281 0.284

Neural 0.372 0.353 0.358 0.387 0.341

Polblogs  0.427 0.425 0.423 0.427 0.453

M 2 ITUAEH, ASCEIEEL E 7 AN IR
LA AU A L, AR 4 AN ZE 1S 2
TR MR A . W FE RS AT 4, CNM A AE
Word W24 R U T S KIAERE, 1T BGLL ik
LA 3 AN FLSEM g R IR BRI, A
SR R A AR ST e R A
4.2 NITEHRME

S T LER JEUE 24 A 5 R X R0
R4 A AR A, PRI T B SIZ ) 5% o () 5 P AR A
LER, JEAE P02 A2 A 7L 43 531 E ) 488 45 s BUASE L ~F-3%)

PLAIRA RSSOk YT . TN EE M 2k
Ui, JORA R, RORALIX 2 R [ SRR,
DX 5 Py nft LAIX o 30 3 1R Y5 AN ) PR TR B R B
SEYG AR AU R 1000 () LFR M%%, I At
LT THA, HA R WK 3 Pros. LEFR PIZA
MBH. N=1000, k=10, k,, =50, C,,, =20,
C...=50,t,=2 t,=1.

ISR T PUR I, MIRE R p <05 1, A&
SCHTHR Y FCD HIERESRAT AL IR 45 R, KW
FOEFTF R X R0 LFR 4% of LS4 (X 454
—%, [}, Infomap, Walktrap f1 BGLL #%ik
BT AR RERCR . SR, BEAE A R B K
(pu>05), ZHEILMRHELZEDFAM, Hh
Infomap S5 TR AL, MBS REKT 0.6
i, HRREVUNH IEM AL 5. TR A REE
0.5 £ 0.6 Z A}, BGLL Hyk&Difet:, (Hb)5
PERERIR G, bAh, Walktrap SEEIRS R EUN
T 0.6 BT SASCH LA PERE, (H 9IRS
REGE— PR JE TR RkUE, ASCHE
TERRIR S BB, ORRE T B s A e o

N T e SR AR 2 A AR AL X AR X
K153 AR T REOR 18 R 1A E BORT BV (1)
WK 4 fror. B &R R IRAE S50 0.1 2] 0.8
BRI, SELE LER W48 AR [RI OB 28 B0 45
N NMIAEAR AL . Gl g T LUK, A RNEES &
B NI NMI AE 28 ETE A CERR I AR R
3o BRI NMI A1k i 2 S ST AN R I As e i, 1%
T+ LFR FEAEM S AEAN [F S E0 4 R 16 W9 25 45 1)
S WAk, ST LURIE, T LFR
B2, RO e €[0.2,0.4] I, SEVEREBUAS AL
PERRAR . w)a, SERE— DUk T ASCRIER
e
5 ZHRIE

ASCHEH T — P TRORIER IS 2 4y M4t X
SERMIRINTT I HETINT —Fh g KA AL DL
W R AR DG 2R, AT G A X A R (A v R



LI I IS S i

3 39 %

2038
1.0
08
]
*‘ﬁ 0.6 ONM —
# 04 — Invionmp
% ~— Walktrap
0.2 == GBLL
-~ FCD
0
0.1 0.3 0.5 0.7
HEREE Y4

Kl 3 LFRMZ &SRR i

OY AL ORI Gy o T Y TR R B, AT R
[f) FCD SASCHL T 2 0 Wit X a5kl oo A
I, R TROBIREIE, B BT IR DS R B DU E f
MER 73 o 33 Xof TSI I 2 RN T B 199 0% £ S 6
5 HAb A ORIV T T LA, Uk T FCD &
REA R R LR AL X G54 . SRR (0 4
R RH AR B S e AT 8 i A X R SR B R P, AT 2
e 1SR RORS R AR E I

& % x #

(1] YR/, 258, BROCHE. MR SR M), dbat mAEEE H
Rt 2012: 1-27.

WANG Xiaofan, LI Xiang, and CHEN Guanrong. Network
Science: A Introduction[M]. Beijing: Higher Education Press,
2012: 1-27.

[2] NEWMAN M E J. Complex systems: A survey[J]. American
Journal of Physics, 2011, 79(8): 800-810. doi: 10.1119/
1.3590372.

[3] FORTUNAO S and DARKO H. Community detection in
networks: A user guide[J]. Physics Reports, 2016, 659: 1-44.
doi: 10.1016/j.physrep.2016.09.002.

[4] ZHANG P, MOORE C, and NEWMAN M E J. Community
detection in networks with unequal groups|J]. Physical
Review E, 2016, 93(1): 012303. doi: 10.1103/PhysRevE.93.
012303.

[5) NEWMAN M E J. Communities, modules and large-scale
structure in networks[J]. Nature Physics, 2012, 8(1): 25-31.
doi:10.1038/ nphys2162.

[6] SCHAEFFER S E. Graph clustering[J]. Computer Science
Review, 2007, 1(1): 27-64. doi: 10.1016/j.cosrev.2007.05.001.

[7]  MALLIAROS F D and VAZIRGIANNIS M. Clustering and

community detection in directed networks: A survey[J].

Physics Reports, 2013, 533(4): 95-142. doi: 10.1016/j.physrep.

2013.08.002.

[8] CLAUSET A, NEWMAN M E J, and MOORE C. Finding
community structure in very large networks[J]. Physical
Review E, 2004, 70(6): 066111. doi: 10.1103/PhysRevE.70.
066111.

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

[17]

(18]

1.0
0.8

=|
ISy

= 06 .
% 0.4 ~ p=0.1
= - p=0.2
02 =03
0 -~ p=0.4

0.4 0.6 0.8 1.0

BB
4 LFR P26 R B (0] SRS T 1 1R S i

LI Ming, DENG Youjin, and WANG Binghong. Clique
percolation in random graphs[J]. Physical Review E, 2015,
92(4): 042116. doi: 10.1103/PhysRevE.92.042116.

LEE C, REID F, FCDAID A, et al. Detecting highly
overlapping community structure by greedy clique expansion
[C]. Proceeding of 4th SNA-KDD Workshop on Social
Network Mining and Analysis, Washington DC, USA, 2010:
33-42.

AFSARMANESH N and MAGNANI M. Finding overlapping
communities in multiplex networks[OL]. https://arxiv.org/
abs/1602.03746.2016.

YANG B and LIU J. Discovering global network communities
based on local centralities[J]. ACM Transactions on the Web,
2008, 2(1): 1-32. doi: 10.1145/1326561.1326570.
NIKOLAEV A G, RAZIB R, and KUCHERIYA A. On
efficient use of entropy centrality for social network analysis
and community detection[J]. Social Networks, 2015, 40:
154-162. doi: 10.1016/j.socnet.2014.10.002.

NASCIMENTO M C V and CARVALHO A C. Spectral
methods for graph clustering-A survey[J]. European Journal
of Operational Research, 2011, 211(2): 221-231. doi: 10.1016/
j.ejor.2010.08.012.

YANG J and LESKOVEC J. Defining and evaluating
network communities based on ground-truth[J]. Knowledge
and Information Systems, 2015, 42(1): 181-213. doi: 10.1007/
510115-013-0693-z.

XIANG Ju, HU Tao, ZHANG Yan, et al. Local modularity
for community detection in complex networks[J]. Physica A:
Statistical Mechanics and Its Applications, 2016, (443):
451-459. doi: 10.1016/j.physa.2015.09.093.

BLONDEL V D, GUILLAUME J L, LAMBIOTTE R, et al.
Fast unfolding of communities in large networks[J]. Journal
of Statistical Mechanics: Theory and Experiment, 2008, (10):
P10008.

GOMEZ D, RODRIGUEZ J T, YANEZ J, et al. A new
modularity measure for fuzzy community detection problems
based on overlap and grouping functions[J].

Reasoning, 2016, 74: 88-107. doi: 10.1016/j.ijar. 2016.03.003.

Approzimate



FoM TEREREE . JET RO R 2 0 PR At ORI Tk 2039
[19) AHN Y Y, BAGROW J P, and LEHMANN S. Link 1-448.
communities reveal multiscale complexity in networks[J]. [29] ZADEH L A. Toward a generalized theory of uncertainty
Nature, 2010, 466(7307): 761-764. doi: 10.1038 /nature09182. (GTU)-an outline[J]. Information Sciences, 2005, 172(1):
[20] DING Z, ZHANG X, SUN D, et al. Overlapping community 1-40.
detection based on network decomposition[J]. Scientific [30] BARALDI A and BLONDA P. A survey of fuzzy clustering
Reports, 2016, 6: 24115. doi: 10.1038/srep24115. algorithms for pattern recognition I[J]. IEEE Transactions on
21] HUANG Lan, WANG Guishen, WANG Yan, et al. A link Systems, Man, and Cybernetics, Part B (Cybernetics), 1999,
density clustering algorithm based on automatically selecting
] ] ] ) 29(6): 778-785. doi: 10.1109/3477.809032.
density peaks for overlapping community detection[J].
International Journal of Modern Physics B, 2016, 30(24): (31] DANON L, DIAZ-GUILERA A, DUCH J, et al. Comparing
1650167. doi: 10.1142/80217979216501678. community structure identiﬁcation[J]. Journal of Statistical
[22] NEWMAN M E J and GIRVAN M. Finding and evaluating Mechanics- Theory and Experiment, 2005, (9): P09008.
community structure in networks[J]. Physical Review E, 2004, [32] NEWMAN M. Network data[OL]. http://www-personal.
69(2): 026113. umich.edu/~mejn/netdata. 2016. 7.
23] PAN Y, LI D H, LI et al. Detecti it
123] ’ » LIUJ -G, et al. Detecting community gy ) NOIOHINETTI A, FORTUNATO S, and RADICCHI F.
structure in complex networks via node similarity[J]. Physica
Benchmark hs  f testi ity detecti
A: Statistical Mechanics and Its Applications, 2010, 389(14): enchmari graplis ot testng - commutity  detection
9849-2857. doi: 10.1016/j.physa. 2010.03.006. algorithms[J]. Physical Review E, 2008, 78(4): 046110. doi:
[24] PAPADOPOULOS F, KITSAK M, SERRANO M A, et al. 10.1103/PhysRevE. 78.046110.
Popularity versus similarity in growing networks[J]. Nature, [34] PONS P and LATAPY M. Computing communities in large
2012, 489(7417): 537-540. doi: 10.1038 /nature11459. networks using random walks[C]. Proceeding of 20th
[25] RADICCHI F, CASTELLANO C, CECCONI F, et al . . .
International Symposium on Computer and Information
Defining and identifying communities in networks[J].
- ) ) . Sciences, Turkey, 2005: 284-293. doi: 10.1007/11569596 _31.
Proceedings of the National Academy of Sciences of the United -
States of America, 2004, 101(9): 2658-2663. doi: 10.1073/ 57 ROSVALL M and BERGSTROM C T. Maps of random
pnas.0400054101. walks on complex networks reveal community structure[J].
[26] XIE Jierui, KELLEY S, and SZYMANSKI B K. Overlapping Proceedings of the National Academy of Sciences of the United
community detection in networks: the state-of-the-art and States of America, 2008, 105(4): 1118-1123. doi: 10.1073/
comparative study[J]. ACM Computing Surveys (CSUR), pnas.0706851105.
2013, 45(4): Article No. 43. doi: 10.1145/2501654.2501657.
27] XU Rui and WUNSCH D. Survey of clustering alogrithms[J]. . L
# ' salogitlll e 0ma SR, W BT A A
IEEE Transactions on Neural Networks, 2005, 3(16): 645—-678.
& g Fr P 4o
doi: 10.1109/TNN.2005.845141. AT BRI
, " . O Xl 3, AR, L, RIEOE, B9 g ARE S
28] BRI, A0, Frs. BRI e g VI B LOTAREE, L, RGBTy RN S A
U, 2005: 1-448. W, fFE R
Zegte. Y, 1965 A, kL, B, WSS IOV EALEAE M

CHEN Shuili, LI Jinggong, and WANG Xianggong. Fuzzy Set

Theory and Its Application[M]. Beijing: Science Press, 2005:

e



