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Abstract: The theory of community structure in fully signed networks is proposed to overcome
the difficulty of traditional community structure in analyzing the individual and relation features in
the process of collective actions. A community structure in fully signed networks is a kind of
network structure that consists of sub-groups and internal nodes within a sub-group having the
same attribute and are connected by dense positive edges while the nodes within different sub-
groups having different attributes and are connected by sparse negative edges. First, a definition
of the community structure in fully signed networks (consisting of both node and edge signs) is
proposed by comprehensively considering the attributes of nodes, edges and network structures.
Then, a new modularity is proposed, based on the theory of modularity given by Newman and the
new modularity considers three factors of nodes, edges and structures. A genetic algorithm is
then designed to detect the community structure by optimizing the new proposed modularity.
Experiments based on different network attributes and a comparison with the traditional
modularity show that the proposed modularity effectively identifies the differences of these

attributes and solves the problem that the traditional community-structure-detecting method
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cannot recognize features of nodes and edges.

Keywords: community structure; signed networks; modularity; index

FERESE A Ay 52 2% I 25 B 2 0F 90 1 o L #OR
TR SC R S M 2% 0 2H 454 G 208 B T 4k
ST NIRRT R . 255 M4 4t
T 235 00 ) 2 7 DA AL AR 2 R AU 0 ) R A 1 ) P %
A58 R 5 0 JE P T DAAT R B SR AT
AR5 AR AR L X T 2 AR T JE S TR
PERE M g 55 A e A ) i B B 22 5 L

Newman % A F 2002 £ e BB 1
A& B 28 PR R R N T O AR L AR ) Y G
F AL A 45 1 TR EEAR AR L T R ek B A5 A
FRAE A I SRR FE S . SR L I HE b HUER X 0-1 R4,
20 T SRR B . B IR T IR R
LR R AT S P48 X T AN R 28 00 B B AR
R . FERF 5 45 18 20 BT v s 205 4 °F- 15 B8 ML OC R
R T Mg AR RES R, ZRFEENTT
ZORESY . MR B S Gomez 4N T 2009 4F
FE T 25 1 - A BRAS AE SRR AR PR AT Tk
i I DL i ) A5E B v ok BOVE R i 1 A 5 I 4% 4
FELS MY 8 AR . T AR M R A 2 I % Y T B R
AIE s X A A 5 A2 [ 3] kb o A0 #E Y . A
RIS ARF S 0 45 1 [R] I, oRE 55 U 1 g A 3
FEAE LG 53 A b AT LA 4 T8 Ml 53 B 99 2% 1) Ak 4
FHRAE . Du 8 KT SR I A— AT 5 M 2%
F 3 17 AT AR P B A T 0 25 T 2 ) 4% g S
FHEAEEEEMNESFE L, ERE AT R
NH 2005 AR TRIINT A B TR 25 19 ¢ R 5 5 4 1k
BRI AT T A S WS T RE T 255 W%
s O R ZEE X A R TR 47 M AT T 43
B XSRS AN E T AL SR IR 5
2L W TE T MG R A AR E S T . AR
SO TERAT S M 28 IR R b S A R4S M R L 5
UAREY IR L AR R L IS R IS R Ity
A5 IR LU AR 0 SR 2SS T 0 I R B AR

I S A TV E N R R ey AR = )

RS W 45 (AR 25 0 5 A% oAk B A5 A A L
AT B2 IR A5 1 06 3 0 B 2% () B 2 R OG
REMES T EEE. WA S UM T H
1,2, 3 Bk KR Kz 2K AUBE MG A — BT 5
W2 Hh TR ) A 17 SR &R 5 M4 G=
(VLE)  Hirp V= "{v,} Fl E={e, } 43l R MY

http: // zkxb. xjtu. edu. cn

Fh u=1.23FmR N WEM. e, =1 £RW
RIS HFEER(F) X R e, =—1RRTH 5
JAFRES T (=) R R, T AR M B R
TUE 5 0 2R e SR AR e S 1 R
(R4 A5 5 0 28 A TR S5 L B — > 245 5 46 ] L) gk
A3 R AN TR F I 2%, - I 48 P 3 1 A JE AR )L G R
HERAR T B 00 R 4 22 R R
AN KRR EERmG, AN — "X R,

-
\ P
\ i
-
— +RA
——— KRR
O HHEM
A AR
O WEEHs

L AfF5 P4 i AL AL R 454

A SCLATE 50 5 40 15 4 155 N 2% i b BE 25 40 4
Fr. 56, Newman i i 5 BEAL R 25 X B o A W 2% &%
Fa @ MR 2 T A T IR 01 4% 4k T 435 M R 11F 1
P Qu  iZ A8 bR TR — A 2% 41 BF 9 38 10 % 422 5 Bl
BIL I 2 % 42 1) SO0 R LD 3 Qe 88 K 38 I A A PN 3
R B AL B S M RRAE O I L Qe Y
FKikLwr
Q= iz Z (s =5 Jocc.co
A C R 8 FrE AL 0(C L, C) o S8R
BY 8 5 rE sk e — 28, 0(C L CH) =
LW 6(CC) =050; NENRE.RRTTR Y
W ZEEBRFERR AHE 0, =1, 5w, =
O = Djwy, N E i KEMH: 20 = Do, =

2 2wy TR A R 2 )

PR BEDLI 25 TPy R Eﬁﬁﬁﬁﬁiﬁﬁ%%m%,% .

R B I 2 TR 45 AT B R T

2
W R BEHLI 2 1y o 0 5 5 IR B
Gomez 55 AXF 0-1 [ 45 # B #8 bR A7 T 18




E2W iR /= 56 T S 25 M4 s BEZ5 47
1E + SE B 28 A2 0 £ R A A 47 5 M) A B 45 Ewbibuu
HaB IR E )8(C..CH (6)
_ 2w - 9 2 Ew
AWM Q Tﬁ%ﬁlEL*%ﬂE‘%;L*%ﬁUE 2 @ 2 ijg,f Z 2 @it
WAy, Ho QF R IF 1 I £ oh Rk B P B A 3 B2
LI 3 50 44 2 45 10 00 208 e . Q@ 67 300 Z%“EEWJ

2% v Rt TR 22 0] ) 3 2 5 R BIL 67 30 0 4% 32 4 ) D) B
AR

D3 %
Q=$ZZW*@

)am .G (3)

f‘)<1—a(c[,c,v>>

4)
Horb oy BIEZEDREGCFRRW A 5 ZEZ
BHELEN EGFE 0, =1 N w; =050, Ki#E
NEBERT A SR ZRE BN
e sw;, =1, B w; =05 0, = Eaﬁ, R IE

HIE S 0 = D,
S = D) ey FAIE W 4 8K GER
(9265 20 = Do = D) Sw, TR UM% 1Y

592 Q1S

TF‘EZJ\ M 20 =

+ +
B 2 ). %5 3R IE L B LI 4

T A R I % R S B L

Yot G R Y — R I 2 o
B A 0 TE 0 2 (2 AT A 3 (D)
ST LR BEIE X T A SR b 248
6 26 % SO 7 Y 4 4 5 60 5 1 S B FE Q. % 3K 2t
W
2 eb,

Q[: +

Zzw + 22‘“
E ijbj
2 Zaﬁlﬁ Jr 2 Zw,b,
2 (5) 1881 Qf _fﬁﬁjkjjﬁl_n}%@*%iﬁr 5fminRs
JEEREHREE 2 3, Horh QF 3R R IE 1 [R] & M W 2%
ol AR PN S Y 4 2 5 TE 34 TR A BE AL R0 4% 3 45 i
HF LA, Qr %%i‘ﬁijlaﬁﬁﬂé%qjﬁﬁmiﬁ%
VR S RENL G 5 P 4% 34 1 10 0 B LL 3

Q= e Zzw ZZ(w,b,

(5

http: // zkxb. xjtu. edu. cn

) (1—8(C,hC) 7

Zzw/bf
zlsjcél/wa »EJ% MEAERE B, oo & b, MEME &R
ooy R B MERE om0 5 REEME
A 25 MR b =1, 2K E LW b =050,
hEEERBRAR T 5 REEEAR.
#FANEL U by =1, 25 1R W b =0,
SO E A 5 B B (o0 K i R R
Canb ) T LR 55 AT 0 W0 15 0556 R 5 J@ % 0 DU IE 1
JE . RV A5 ) e IE 3 A 3% L R b IE i A 0% L TR
JEPE AR R R A, KRR TS R 4%
FERELE A 5 SO, AR AR N 00 ) JE M OE i MG S A B
22 V6] 1 S T e s A o £ AR O B A A R R A
g, MF A B HILE v, b, TR
7S A JE P A IR EL DL IE 1A B L 25 Y IR I
R AR TR HL AIE S A W w, b = 1,48 HoAlb
‘%ﬂ[ﬁalﬂﬂ w;b: 207@I$7X¢ﬂ: A B 90);7[7; %E_\‘%‘
B ST R OB PR [E L L6 A i 2 TR
IF 3l X AN 2 E W wy by = 1. 80wy by =0,
ZZwE;biﬁ e N 45 v ] @ e O 0 AH o B BT A T
Zw;b;
i 'ﬁﬁﬁtw s R JE v HOE A
Ehﬁiihwu
5 Suiti
5 45, )8 T L TE R B 0 A ZEbﬁ,
FoR W g g M ik A Eﬁﬁﬁ?ﬁw ﬁxfééz,

ROk 7 1E 3 [R] J P BE AL ) 2%

U 1 ]

PR AR R Ja PEREHL I 45 3

Zi;:%%%ﬁmﬁﬁﬁ%mwﬁ¢%ﬁis
ol o R R M LM G A G K,
Zw]bjzw]b]

EELMu 7 G0 5 B LI 26 et 4
S SR LG A B SR




48 [ . ]

K

%

R

1 52 %

RUBEECEVERE BT 5 B s ZEUE S 1T, 5K
) Ak Ry 3K (2) 5 3F — 25 Ml A SR TR B R 25 BB 1) I
PR RIEE M A s ZBUE S 1 e, X2 faf el 5K
(D,

PRI o S S 1 4 755 5 I 26 5S4 A 2 T
PR B 8 b 1) 58 )32 (9 B 3K R AT DA A5
BN AR R S S IR A W — T8 bR R R Y,
W38 FH T 5 2S48 Bn Ir 0 32 %) +E e S5 A 1), Oy F
— 25 UL A SCHE A 3l R SR RO AR SO T
S b R L 2 R AR LY 3 S R4,
B2 FoR. W ESCRrak, /1 o BRAR A 45 5 W 4%
FERESE R 1% 45 HLA AL R T B PEAR A G R
B8 FLDAIE AR 3% 5 [R) Bt Ak AR 22 10 R R ] L 6
F i HL LA 0 AH T B RRAE 5 B 2a fE LAl oK A
TE A0 Y — 45 T 6 A% B AL B 22 a) , DA I A0 4 3 PN
I ZR B B T A R 2 ) O B AR R ol
g Ja P AR D55 5 BT 2b 7 B AR 45 4 Y LRl R A R
PR I — 2% 1E 30748 S B30 A L O R Jd MR AR AE 5 [
2 FEPE 1 S Ah VAR T — AR IR M AR 4
BENT RSB AN S —. & 1A T4XF 4 F
ANF 28 S5 A 1 3 A8 bRt 45 AL, 4 5 B AR 45
P AT AT, Qe T LA 5t R A T 45 440 110 245 44 i 1k
fEAAARFER B RE S WA B2 Q AT
DA 25 46 Ja 1 5 06 R @ M (FLAS R s T A s
F A5 Ak 5 Qe WU AT L 4 T Jz e IO 4% 45 A 300 S 1k R Y
SRR AL,

A1 AT RRE M %M 3 LA AL R

¥ 4 245 fg Q« Q Q

IR AR E 0.6818
23 iy J T 0 5

X 2 R U 8
7 A5

0.643 3 0.681 8

0.613 9 0.652 0 0.680 0
0. 640 4

0.681 8

0.643 3 0.680 0

0.643 3 0. 680 6

2 AT R A AL PRI B

55 0-1 [ 2% B9 A 10 205 4 R0 2 ), 15 19 4%
AR 45 R T DN 11 [ 880 2 — A 21 4 fIe A 1) A HG T
A2 T DR A G 5 3 X LA A R A
0 265 A AR 45 g R0 TR) R, R 6 R 0 5 ol T
PIHEE R LI 3 28 @ A T T R 5RE B At
— AR S BN RER D7 @ A R
Bk BB A — 20 8 B 0T 0 B A R B T7
PR Q) LA A SR W iR B LR RS S AR R
R RARBEEES 0 T BIRE 24 AR5 A

http: // zkxb. xjtu. edu. cn

\
\ -
7
+X &R
——— XA
O HAEHL
A TAEEM2
O FHHEEHS

(b) 3¢ 2 J 1 5 A 98 555

\
\ -
7
— +RA
——— KA
R 1
W R 2
W B 3

(A SR AP 57 A 1 553
B2 RS RRAE X LY

Opol

02 % R ) a8t A% R0, JL VR AE A0 2 R SOk 25 ]
BB 1, 1 ek A D S50 AR R L T
SR T B 3 3 9] B Ak $R AL TnitialPopulation( + )
A RN E P SRS I ADE IR BB AR R BGA B i
1 g5 R 3 A Wk Bl TR B 2R b, 1 S R o R R AR
Selection( « ) A& £ 77 2C3E B A AR R, B J5 1)
AL HEAE GeneticOperation( « )X 52 A Fh BEFEFT 38 X




52

AT 55 WA 5 W 2% B AR A2 1 19

Sz SR, 38 T ¥ 4E UpdatePopulation( ¢ )
TR 75 2 58 4 ) G 4 PR R R 5 B AR Y
g, Bk 1 MHERWR .

Lo E S8 B AREL L = 50 MEEMLAL S, =
1005 5t % BRAE TP RE AR S0 = 100 5 5 5 W 26 45 AL
B S =2 XXM P.=0.9; B R MR P, =
0.1,

2. H AW Ui SR HEHE B 5

3. KA UG T BB

4. P<-InitialPopulation (S,,,) ;

S.for i=1;i<I,.t+1;i++

6.  Paen<Selection(P .S, »Siou) 3

7.  Pau<GeneticOperation( P en s Pe s P ) s

8. P<-UpdatePopulation(P, P, eyenia) 3

9. end for

10. fy S Fe AL A BE
3 SR S5THE

Ry T 2 VAL AR SO S A e B A 3 P DL R
T U A SR AR T AL AR BRI 2% 1 AT 5K
¥, BT A SEETE 2. 40 GHz CPUL4. 00 GB A7 LU K&
Windows 7 & Gt is 17, i #2185 5 4 MATLAB, &
SCHY TS A ) 25 & % Newman fir 4 i (9 15400
I 24 A7 A S I T 6 AR L R 45 45 F 128
AR A AFRER R Y Y BEE R 16, 0F
o AP IR AE I ) A % MR R 0 SR 3 IO AL BE SN R 5 AL
REN TR R, BT S o A AR TS
1) T R A A I A DR I AR ST T A L ) £ B Al
A SE R 1~4 BEVLRE , W BT 5] A S5
B K R At B PR % B30 A 2R LA B 2 (R
FEIE SRR AR

SRy A AR SO TR I B A A B A AL 5 S PR At
RELE R 1 22 55 AR SR A AR E AL B4 B (Normalized
Mutual Information, NMD #8 8 Iww 3 AE -4 45
PRE S T B K 2 B =35 22 52 B /)N L i 4 50T DALAT 3K
O MEAL B A A I BRI R AR R

C C

“a b
— 2> > 7Cylog(C;N/CC)H
i=1 j=1

INM(a,b) - . G
> Cilog(C,/N) + >7C,log(C,/N)
i=1 j=1

€))
A Co Gy RN a b PIFPEREIN 25 R i LR 5 Cy
SERMEE R a MFERE  SERIEE R 0 At R S 3L
9 B s C Gy 2 Cu et i i M A B BG N

http: // zkxb. xjtu. edu. cn

ST EBCR . AR Lo Casb) = 1, 0458 WA AE B 45 44
4 PRI 45 5 5 S PR AL B ZE A AR ) L AR T (e b) =
O+ DU 58 YA AR 445 4 ) 2 00 45 2R 5 S Bk R 245 4 58 42
AT

AR HEET 3 FRHUE IR QLQ 5 Qv X
FERESEAT N R 0 5 B BB BB 0~0. 5,
H1 96 A S0 K de b . ik /D BEALAE U 22 L A
5 BB L I 265 45 K4 0 S5l A 01 AN T 45 B 4T 5
UMk A7 S5 FObR HE AL B4R B 48 B Laow (97 ¥ {H 4N
Kl 3 s

[M M

(a) H T A 755 [0 255 45 e JiE o 15485

(b 2 T 22 HLA 5 9 265 50 1 32 T 495 495 2R

[M M

() 3:F Newman HHBEHe i 7 15 45 5.
B3 R 5 8 (X R AR R 45

MREEL 3 0l LA s B 3 2848 b 0 I 5 ik e
ARAFIY Do 358 B3 S Bl e AR A9 0 TT D6/ 0N o BRIV i




50 [ . ]

Ko

R

1 52 %

FEAE A1 3 2 MK S 00 18 0 DR A 0 4% A B 45 4 O 4
BRORT 5 3 2y 12 J 4 00 11 245 558 91 0 2 30 L S 1) I 4%
FEBELE A s T B E M AE AL . 3 T 245 5 M 4 5 2
55 W 28 AR R B T AR AG 1 T 16 B0 25 6 8 6L Y 384
T REAR 03 T Newman B35 B BT 3R A5 1 Tow 78 4K
ANZ BAHRIFEI . B AE 138 I R 7R I 25 4k 1 45 44 1)
5 2B PERRAE FEA . 1 T Newman (455 B Ji I fig
B T 25 10 06 R JE L BT LSS SRR 232 g Y
Wi, FUGE T A5 W 4 2 BUAF S ) 2% 45
B A Ak TR 0 % R % [ ESF 52 e s A 285 4 1) 4
oy Ja P R AE 5 56 2R 8 PR AE AR 4k

TE HE— 25 S5 v, S 56 1 R X T AL B R
45 JE RS R A SCRI A S8y R B R AL
T B AR, AWK 5 B HUE
B2y JEE R 0~0. 5. 94 BIKAE R [ 48 47
PEAT 5 YA Sy . BL 2=0.25.8=0. 2 B}, &>
XL T $8 B0 F- (AN 1A 4 o .

1.0,

—— JE-FNewman 5L (H5R)
0.9 --o- - FETZ NSRRI Y ER
ek FRTREE I SR R R

0.8

0.0 0.1 0.2 0.3 0.4 0.5
Y

Pl 4 ASIRD oy fE 57 X5 R 4 4 R R0 25

M 4 v LA H 5 F Newman [ REHE 528
LA ) 285 A5E H E IT ER DN 7 235 SR R A2 1 A5 Pk 1
SO 5 BT AT A B B S 8 Taw R 2B
) S8 0T BEEALG o BB 2 Ak B P Y R T R A A
A Y AR TR R IR A T AR AL T AT S W 2 AR
Sk (0 0 0 B3 30 T DA 280 e i Y X T AL R
SE AR 1 52

4 g H5RE

ZAS 3[BT O R R TS A5 R 2
HRRE T 255 ML . Ll Newman
JIr it PR B JBE 8 s A Dy R L oK 45 AL S B S
(e Jo 1 o O L ) A A 95 A R 2R B R L A B A A
7 TR AL AR S5 AL 5 B L D AL R A A A S it T
ST . 9 T ST B A A A5 M A A R 4R

http: // zkxb. xjtu. edu. cn

N0 LS 0 265 B AL AR A A L AR SCHR Y T TR AL SR Y
Bor R, SCE A SRR WL AR SO 32 1 9 B0 T LU
A S0 R TR0 65 B A AR 2 A L [ N A A S 1 45
HEE R JEE 45 o T LA [A] A S ke £} 190 265 (9 45 4 L O 2 L1
JEVERFAE S AL o SR 7S SCHT it Ay A B R 0 A
TN S IR R SRR BN ) S R Rk A 5 T
B A R doe A0 1R e s o 1 — 22 4R A Bk L O
5 RFE AT LB R A SO Je Ze 0 5E . TR . A
P A 32— 22 R 22 HAR AL B SR 7 3 - R 4544
KA WA 3 NRWIEEHEATA . Heoh . i TASC
Jiv i A R A TR IR T A Y SR O 8 AT R B A
£ D00 2% 245 49 110 Al 30 5 B 3k — 2D AR

S Z 3CHk

[1] WATTSD J, STROGATZ S H. Collective dynamics
of ‘small-world’ networks [J]. Nature, 1998, 393
(6684): 440-442.

[2] BARABASI A L, ALBERT R. Emergence of scaling
in random networks [J]. Science, 1999, 286 (5439)
509-512.

[3] GIRVAN M, NEWMAN M E J. Community struc-
ture in social and biological networks [J]. Proceedings
of the National Academy of Sciences of the United
States of America, 2002, 99(12) . 7821-7826.

[4] DOREIAN P, MRVAR A. Partitioning signed social
networks [J]. Social Networks, 2009, 31(1): 1-11.

[5] HEIDER F. Social perception and phenomenal causali-
ty [J]. Psychological Review, 1944, 51(6) . 358-374.

[6] HEIDER F. Attitudes and cognitive organization [J].
Journal of Psychology, 1946, 21(1): 107-112.

[7] CARTWRIGHT D, HARARY F. Structural balance:
a generalization of Heider’s theory [J]. Psychological
Review, 1956, 63(5) . 277-292.

(8] Z4Me. RFE . *hoxsgm LR 3 ] FIEs 4 1 4 . Sk
T Hopfield M BRI [J]. RETRARE
SRR, 2013, 33(2): 420-429.

LI Zhenpeng, TANG Xijin. Social influence, opinion
dynamics and structure balance: a simulation study
based on Hopfield network model [J]. Systems Engi-
neering: Theory and Practice, 2013, 33(2): 420-429.

[9] GOMEZ S, JENSEN P, ARENAS A. Analysis of
community structure in networks of correlated data
[J]. Physical Review: E, 2009, 80(1): 016114.

[10] ROGERS E M, BHOWMIK D K. Homophily-het-

erophily: relational concepts for communication re-
search [J]. Public Opinion Quarterly, 1970, 34 523-
538.




$e

AT 55 WA 5 W 2% B AR A2 1 51

[11] KANDEL D B. Homophily, selection, and socializa-
tion in adolescent friendships [J]. American Journal of
Sociology, 1978, 84: 427-436.

[12] KOSSINETS G, WATTS D J. Origins of homophily
in an evolving social network [J]. American Journal of
Sociology, 2009, 115: 405-450.

[13] MCPHERSON M, SMITH-LOVIN L, COOK J M.
Birds of a feather Homophily in social networks [J].
Annual Review of Sociology, 2001, 27(1) . 415-444.

(14] skeSm, Fhilig, 205, S5, BT R M A0 AL 45

MR (U], R TR S 9, 2013, 33
(11). 2879-2886.
ZHANG Kaiqi, DU Haifeng, CAI Meng, et al. Im-
proved community structure detection algorithm based
on the node’s property [J]. Systems Engineering:
Theory and Practice, 2013, 33(11): 2879-2886.

[15] DU H, HE X, FELDMAN M W. Structural balance
in fully signed networks [J]. Complexity, 2016, 21
(S1): 497-511.

[16] Ztwny, £ R, Be/R1ES, & P ERR TR K

M WERHE ST (1], P EA R, 2006(3): 19-
29.
LI Shuzhuo, REN Yike, FELDMAN M W, et al.
Analysis of whole social network properties of rural-
urban migrants in China [J]. Chinese Journal of Popu-
lation Science, 2006(3): 19-29.

C17] AT SCRE, Mg, 2RI A R A 25 W 45 %0
Gaitaar [J]. AH5 %R, 2010, 16(6): 2-16.
REN Yike, DU Haifeng, LI Shuzhuo. Analysis of
core-periphery structure of Chinese rural-urban mi-
grants’ social network [J]. Population and Develop-
ment, 2010, 16(6). 2-16.

[18] WHITE S, SMYTH P. A spectral clustering approach
to finding communities in graph [C]// SIAM Interna-
tional Conference on Data Mining. Philadelphia, PA,
USA. SIAM, 2005 274-285.

[19] NEWMAN M E J. Fast algorithm for detecting com-
munity structure in networks [J]. Physical Review: E
Statistical Nonlinear & Soft Matter Physics, 2004, 69
(6): 066133.

[20] CLAUSET A, NEWMAN M E, MOORE C. Finding
community structure in very largc networks U]
Physical Review: E, 2005, 70(6); 264-277.

[21] WANG X, CHEN G, LU H. A very fast algorithm

for detecting community structures in complex net-

http: // zkxb. xjtu. edu. cn

works [J]. Physica: A  Statistical Mechanics & Its
Applications, 2007, 384(2) . 667-674.

[22] BLONDEL V D, GUILLAUME ] L, LAMBIOTTE
R, et al. Fast unfolding of communities in large net-
works [J]. Journal of Statistical Mechanics Theory &
Experiment, 2008, 2008(10);: 155-168.

[23] MEDUS A, ACUNA G, DORSO C O. Detection of
community structures in networks via global optimiza-
tion [J]. Physica A Statistical Mechanics & Tts Appli-
cations, 2005, 358(2/3/4): 593-604.

[24] LIS, CHEN Y. DU H, et al. A genetic algorithm
with local search strategy for improved detection of
community structure [J]. Complexity, 2010, 15(4):
53-60.

[25] GONG M, FU B, JIAO L, et al. Memetic algorithm
for community detection in networks [ J]. Physical Re-
view: E, 2011, 84(5): 056101.

[26] DANON L, DIAZ-GUILERA A, DUCH J, et al
Comparing community structure identification [J].
Journal of Statistical Mechanics: Theory and Experi-
ment, 2005(9): P09008.

[27] GONG M, CAI Q, CHEN X, et al. Complex network
clustering by multiobjective discrete particle swarm op-
timization based on decomposition [ J]. IEEE Transac-
tions on Evolutionary Computation, 2014, 18(1). 82-
97.

[ 2S48 5% STk 5 4%

B WK, & AEHES % F %238 EASH
WM 5 ##.2017,51(2): 1-5. [doi: 10. 7652/ xjtuxb2017
02001]

Wk EEFKERAEBEREHH LM % 5N R
AW d. 2016,50(12):136-141. [ doi: 10. 7652/xjtuxb
201612021

FX B BN LR F RAEMEARENE LWL E
B X A H k. 2015,49(2):6-13. [doi: 10. 7652/ xjtuxb
201502002

AL B AL e K 45 M B 4R AR OB B . 2010,
44(4):93-97. [doi:10. 7652/ xjtuxb201004020]
FNEAEE KRR, F. L E R E DR AR R % E
L 4 M E. 2010, 44 (7):59-63. [doi: 10. 7652/xjtuxb
201007014 ]

(U X #)




