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Abstract: Community structure identification has been one of the most popular research areas in recent years and there has been many al-
gorithm proposed so far to detect community structures in complex networks. In this paper, an algorithm for detecting community struc-
tures in complex network is presented , which is based on the improved ant colony clustering algorithm,based on the clustering algorithm.
The benefit of the method proposed in this paper is number of community does not need to specified, and the biggest advantage of this al-
gorithm is that it can obtain the global optimal solution. The feasibility and effectiveness of the algorithm have been validated through the

ZacharyKarate Club classical model , experimental results show that the algorithm can successfully find each community, is a kind of effec-
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tive algorithm to find network community.

Key words: complex networks;community structure ; clustering algorithm ;improved ant colony clustering algorithm

0 51 &

PSSR 1 K 22 B0 e 7 B T LA A 2 1
T EFTHAR 2 I 45 S5 phy R 1 R
VB (A BT | G rh A 4 P (g R Lk R
AR RIS P, T 5 2 I 300 0 26 7% 5 e R e e A
PRz —Fh 2, BLSCR T i9F 2 RS LOE
02 JR 4 SIEAT A B8 A EL IR IS 2 0 L 2 4 9 25
=1

T B SEFE M| 43 10 52 % 190 2% 2 Pl VF 222
PR ()45 155 2L 2 P I O S S22 27 2 M A ) i
SR, TR AL SR A 2k

s BHA.2012-02-17 ;&6 H #5:2012-05-21

ELTB . HEK AR A4 % BT H (60970004 ) 5 L R4 #F 55 4=
HEQFTHRITH (SDYY10059 ) 5 LA i K20 70 A8 B R AR 10
H

YEEB N B (1986-) , %, IWAREED N B RF5E AR OF 5 07 1)
o E R P AN € i wa ok Sl [ =R S a2
TR,

W 2% (1) T B RV — R TR R A T AR T A
KR, [RIAE A Y AT s 2 ) 45 R %, AN [l 14T 22 )
T AR LA A A S I A A 5 A i
—HERMEC ) 2, A T EUR R AT A
Do 25 v A AT S5 48 R T B4 b 43 BT R T L R A2 4 X
S o) 2% HLAT T SR (R

YIS NS RIS SR i 2 4
H AW TR Z —, R A fem s, RHEH
AR 3 AT A T A AR R R A A A i A T A
JEAT BEHLA) S AE— R T M — R 2 TR B Y
W RUSE RN BN E 2, il TR RS SR
(Data clustering) H1 Y “ &7 A AL Z AL, AT TR 4L
SRR ERR A R

WP SR A vk i 2 i Deneubourg ! #2 HY A —Fh
D5 HE BT | R — i ELAT AR R ) 3 R R 1
Jo & A RE AR I, BUTE IE B )3 Mt 9 5 g A
RASHI RSO EA B — PR T T A
FEIMPAR It $2 H T —Fh Tk ) ACCA Y& 24 I



- 130 - HEMBARS ERE

F22 %

EALAISE A K BT vk B BRI ACCA (% AR i
19— & KR A SR DU 7 LADR B O IR — IR Y
TP R rh XL A PR BRI B B . AT
At P B B R A 5 v

1 HEEH

TS AR 2t 15 52 1 I 3 e
. SCHRT 10Tt T 4EIZERI 7 . IZRI% G (Y
SEHEIE W, 2 W R ER, i W K =
o, BRI GG 6 C 6, H%T M
G AT i WA T AL AT 2
BB,

K(G)=K(6) +K"(6)

HoA, E(G) = Y w, Fm 15 i T M4 6

jet

FAR S R EGE(G) = Z wy; RN L
TR G AN HALT S 2R

2 REEZE

R B 2 0 AU el W AR 2 —
B W LIRS B B X 5 b BN TR AR AR
P, AR AR (R At s 5 e G T 1 2 ek A [ — 2%
P A X G 22 [ AR B SR AT B A T AN [ 286 22 T1) ) %
GARMUE R AT RE/N . DA B H— i B A .

B REARE X = (X, 1 X, = (%, ,25,0,5,) 41
=1,2,,n} A n MR HPHEAX, = (X1 X, = (x,
oy eaxy,) LA d AR REAREEA kMR

R EER -y C=<c, ,c,,--,C}

B
Wi X=UCLC A ®i=12, ki€ NC =i =
1’2v”'ak,i #],fﬁg%tlj‘]%ﬁﬁEZ*ﬂi};ﬂ%/l\,Eﬂ;

k
F=minY » d(X,,m) (1)
j=1 X.eC

X, m) FRH € KB X, B
m, KBRS, HoE XN

dCX,,m) = /; (x, —m,)? (2)

Ho oy, my, JEREAR X, R0 my 77 U R
B A AR AR 28 QAT AT, A SR AN 22 ] Y R R 5
/N IS AZ R EA TR, 75 0 ) 3 SR

3 ETMER ACCA BIE M &+t Fl 44
&I

3.1 WERREZX
W R R — A LD AR 2 R B RE L

R WO 09 B A S5 3 Dy« A ) 5 1) 0 A
RN R S HA Wk FETER Rk
AT 45 B 22 H, REAS (1 7 — 7 3 Rl A 1) LAt i
W SRR I EATIAT N R B R B B 2B ) 1E]
V1R 4 T AR K A AR R R Y iR S W e
IR R LK I Z AR IE R C R . AR T
R 2l ] T R AR R R SR IR Ak A B R Y
FRERME MR LB 2 2 S 805k
F14) ) B 50 12 G A ) T P gt A A DA TR T i — e
TERG AR B AR RRS) hyal A ME R R, 7RI
BB, &AM L A 23 MBI B A 1k B A0 8 3R R X
AR B LEREIEAT AN (0 ) 8  TEDMERT B, W0l 2 ] 52
AFR RN, L PRE B R ER &K L
2% XAERLRE S B I LF A .

T R R A R B ] DA ]
FEER 457 ACCA (Ant Colony Clustering Algorithm ) ,
R R 5 7 PN 28 A A1 R 3 T R
3.2 ACCA H#EX S HHH 4 15 A

FEMGRER R BE ACCA P d(iy) (i=1,2,
mgi= 12, ) KA A X, IR m
ZIAFAE BRI IR S, 3 K BRI n (i) 5 d(i,)) U=
HOGHR R SO (i) = 17d(iy) (i=1,2,,
wy= 1,2, k) . B X, EIER L m) 2 A
BN Tau(ij) (i=1.2,nyi=1.2, k) (i R
A8 T4 A BRI o K1) F RN
EAE HAR R, #2185 (3) TH I U R U A
Fr )@ RO R P (L)), T S8 «,B 4
R G B A AR 7 W8 E E AT, Rl
WY b B EREAS SR DRI IR SR s I IO
a3 A AT RIE M — R 26 ¢ P RGUREAR A
JE PR BHEANE RIS m, 4 E, Hat R A
A (4) .

[Tau(,p 1% x [nG p1°

PG = (3)
Y, [TauG,p 1% x [nG,»1°
=1
m =3 x (4)
! ‘ C,‘ ‘X‘E(:/

A — R E AT R A me H I R 3 Y B
PLREEE I, #4715 B R & o, & A9 26 47 ik
Ao WHE R AR E B R EH O A E R R T
B, B (S) AT RO, Horb ) ATau () RER
FEERMIG R, fERLRELS R D, SR AREA R
R Z [ AHEES Z R Imb KR ,Q p(0 < p <
1) WSEEERENIELBRIEMNL -p(0 <p < 1) 3k
eV

Tau(i j) =pTau(; j) + ATau(; j) (5)



M4 LTty ACCA 194 2= M 45 4L A1 4854 & PR - 131 -

%510 P
Hrfr,
Q/Imb BEXFEA X, JB T C.
ATau(i,j) = /
0 45 )
k
Imb =3, ¥ d(X, m)

j=1 Xec

3.3 ETFH#HM ACCA WEZMEIF LML

WY a BELEEPE— DA X, AE A o, i b
FEME AR A (3) T 5B 2 RE A S5 TE B 2% 28 A R
PG ARIERERBE TR b,1 < b < b HEHEA
X, AR ¢, v, SR JE R 3R A0 B i AT kAT 1 1 4
Y, BN o X BT A IOFEA S (B8 R 58 52 ph ST g
W —AM o (AAESEAR) ], B b AT REIE A 2 fe Al
-2l NN e = e Y AR RO [ | S R 2 IS i
TS ST AR SR , 25 ) 1 s TR

TR B E M, 10 4R LA R T
TN ZR A BEALYE | SRR 2 ] B 2 Pl 0 o 05 I
FE MR A T J8 2 1) 5 vk R AT AH L 1 0 < 45 08 28K
0,0 < gq, < 1), HHNE (0 <qg < 1),

(1) Y q < q, B, 3% (6) 715, RIAG b e 5l i
JEMERE A AAEAR S B [Tau( p 1 x [nG p 1718
BRI,

Max( [Tau( p 1% % [nG p17) (6)

(2) B q > q, B SRl BEUREA A B 25 2
DL (3) TR SRS P BR A 35 W
177V 20 HOT @ 1928 X RRAE RS N T BEALIE R 1)
AT RETE A [RIINE 35 2 T LRI RN

DA 43R B Sk % 48 00 A DA A

a) tER—BENLE 2,0 <2< 1,j=0,s =p;s

b) Nk s = 2, M d;

c)j=j+1,s=s +pj.,ff§b;

d) PEIRCRZE jIFR Hofm i 20k,

X SEL q, WL B BCE R Iy AT IR R, BA
VR R B TR R/ MNIRIR (S B E T SERA
R IR T g, — 8RR, TXHF 5L 23 16 0 e i
T 1 D DU X S R A R AT 4328 DA il 2 W iy 4 2R
s ] ] Fsf B bR b AT ST A A e 5 R, IR g, MO
AEXS A/ 38 2o SR FH G 08 100 Ty vk e 0 i e 4 e AR
FRXEAREAR AT 432 0 5 B R s, AT LAl
BEALIE 2R Y AT fE PR AT 20 1S i EL 445 Hy 445 DL ek
A LR BRI

T3Ah TR UGE A T E S X T — U
e 25, PR AR B vt | — A U BT LR
RO UMEXT T —C#HE T8, HEH 2, RERK
AR R T K B S5 DI 3 ) 11 7 i 1 A 7 LA R
BRI — R R XRE RRAE XS
BRI TERE T LA

DLTF B AR B Rz SO B 1 Bk i ELAR D B

A XN SEOERIRE . F S SE o B
p.Q.q, MWHEIATHIIR L, B Wi 5 H i R, T R i
FAEARUEL, L FE 43 50 3R Jmy 48 2= O B8 00 Bt Al
R B B I B (A0, F Tau(i,j) KRR HI
IR 15 B MR,

B : B A P AT R B & A REA S5 1R T 46
(B IR kAN BO PO TR R AL

C RN (2) XTI SRR AR Z ]
MFEES d(i,j) SEATTHEAR I, T A4 L 5 08 & R 4L
n(i,j) ZIAR ORI n(i,j) MREUE,

DB 3.3 T2, 25 A O R AR AR BEA T
ST — AL I . X g, HATEIA TR W) 1]
W T~ A R A, A H A AR X 487N

E Y8008 45 v i e S R AR AT 2K ), T
FRE S (4) T LA g, %87 ) kA~ SR rputs A H A
PREL F EATIHER

FLAEXT N s i sk i H AR sR A AT LR Y
SLml bW SRR LA T LUR B 5 20, 6 L i
TR &,

G MG BRI KA R B EMATHEHR (3.2
HE BRI =)  WFRTEARY LA T DL R T
EHIA RN T — K ARG RS R

He QS GA 8 T e KB AR UORR, W R 2 1k 45 1, 1Y
WA LRy WG I ARE T =T + 1,885 , 5 A
BRI ML RS, HENH LG RAMET > Ne 3k 4 mir
RY SV

P T I ) 2 A AL EE 2 1 39 S T 1 A% 8l
UM PR 286 ) M v A — SR LB 1 1 R B
TR RO 2L, R B SCRTRLUA 2 ik g
A W WA AR BT R SR T — Ak

4 KBWHER

Zachary Karate Club'™! 2 T & 24 N 4% By 1 F1 45
R 53 BT 08— A~ 2 MUY 38 3 %o B R A7 30 TR R D 13
SCH PR SR B A AT

HAE 20 tHhat 70 4RI, Zachary WL &8 T 55
[ — i K1Y karate club PR IAZ H R R,
P31 X B 51 2 6] Y 5C 22 0, B FABATTAE B A club
W RSN IIAE 26 2R o (HRAEM SR B b, B XS 2 15
AR club BB YR, 1% club B9 345 5K 2 6]
FRAE T A, BT club 43 24R0T PS4 51 L AR
KR AL BN club

38 32 S Bk X Zachary Karate Club [ 4% 347
OMAT, FEZ W 3 BT b 0332 02 2 N 45 14 1A
ZER R UERR TR T 90% o FE BN UERA I B, 5y



2132 - HEMBARS ERE

F22 %

J10 BB T R AR, WL 1,

B1 ¥XkritHE Zachary club M %6572 B X) 448 R

5 HRIF

5 A WL TR FE £ 20 4 52 0k, HokE A 45 4 %% 0
B2 RN — TR A B O TR ST I, 2%SCH s 1Y
ACCA 53 HT 000 46 ek P 225 4 15 Kl 43, b 5 £ e Ak 2
FEVARR H AR R AT RS G O ELAE RS 3R A R AR
i BRI RS, SCI R I R B T o 2
2% A R 2 R TTAT Y, Pl T AR G S RO T 1Y
FERE, BT AT A TR AT

SE ik
(1] 7R/, 25 3 Roese. S A4 BE e i [ M ], db st
AR H AL, 2006.

[2] HuY Q,Li M H,Zhang P, et al. Community detection by sig-
naling on complex networks[ J]. Physical Review E,2008,78
(1).016115.

[3] Girvan M,Newman M E J. Community structure 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] Guimera'R,Amaral L A N. Functional cartography of complex
metabolic networks[ J]. Nature ,2005,433 (7028 ) :895-900.

[5] Palla G,Derenyi I,Farkas I,et al. Uncovering the over—lap-
ping community structure of complex networks in nature and
society[ J]. Nature ,2005,435(7043) .814-818.

(6] BEZE BOLE,E A% BRiZHEEESREIM]. b
BRI 2005 :156-183.

(7] ®=¥, 3 B HURZEEESER[M]. bt BT T
b A 2004 :49-57.

[8] Newman M E J. Fast algorithm for detecting community struc-
ture in networks [ J ]. Physical Review E, 2004,69 (6):
066133.

[9] Deneubourg J L,Goss S, Franks N, et al. The Dynamics of Col-
lectivesorting ; Robot —like Ants and Ant-like Robots[ C]//
Proc of the Ist Intl Conf on Simulation of Adaptive Haviour.
[s.1.]:[s.n.],1991.356-365.

[10] Radicchi F,Castellano C, Cecconi F. Defining and Identifying
Communities in Networks[ J]. Proceedings of the National A-
cademy of Sciences,2004,101(9) :2658-2662.

[11] Dorigo M, Stutzle T. Ant Colony Optimization[ M]. ik Z&, #}
Wetg, B MR, 3. Jbat I AR R 2 ik, 2006.

[12] Zachary W W. An information flow model for conflict and fis-
sion in small groups[ J]. Journal of Anthropological Research,

1977,33 :452-473.

(8% 128 1)

AENE & WL A B UL A 15 B S 1 45 938 A 8] 56 F 1A
SFHRVEL R R — AT SRS BE  BBEAE
?20

SE Ak

(1] 4B4R 7. 3 T15 B R G0 RV 98 #5158 A ) B 5Y
[M]. dbst i) i AR, 2011.

[2] UM, R AEN, 5. 5 TF BB E B HIT
fEAEPRFFR [ T]. THAALE AR 5 % € ,2010,20(5) : 128 -
131.

[3] EBf, Al C4ISR RGuf5 BRe IR [ 1], &84
HAR2EBEF41,2005,16(5) :6-9.

[4] & . BREGERGIM]. ALt B Tl iR, 2012.

[5] Alberts D S, Garstka T J, Richard E H, et al. Understanding
Information Age Warfare[ M]. [s. . ] Ccrp Publication Se-
ries ,2001.

[6] Evidence Based Research, Inc. Network Centric Operations
Conceptual Framework Version 1. 0[ R]. [s. 1. ] Office of
Force Transformation,2003.

[7] Saaty T L. The analytic hierarchy process| M ]. New York:
McGraw , 1980.

(8] ¥FWAA. JZ Mk B[ M. Rt RHER A AL,

1998.
(9] MYAL. RELETHN BRI M. Jb3 64 Tolk
H AT, 2006.

[10] JEE%E, X\ FFE5. BRI BURBUN 1B B 51 k& 1 IR #
[J]. &% TR 55,2001 ,21(9) :98-100.

[11] e, XM R HAE R [ M. BN B LRFHR
HHRRAE ,2000:15-17.

[12] EFZE. ZI0 R B K HAPN R L T]. B A
KF2E  HARBL AR 2007 ,21(4) :76-78.



T It FIACCARI R A% M 2% 41 B 454 A

==
(E=E A
{LE®

P4 x

., &0

o P A WP 75 11§ 4

INZRIGE RS 5 DRk TRZERE, IR 5 250014
HHAEARGRE

Computer Technology and Development

2012 (10)

A CHEHE: http://d. g. wanfangdata. com. cn/Periodical wjfz201210035. aspx

[HRREE. ...


http://d.g.wanfangdata.com.cn/Periodical_wjfz201210035.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%87%a7%e4%b8%bd%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e7%ba%a2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e9%80%9a%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%b1%b1%e4%b8%9c%e5%b8%88%e8%8c%83%e5%a4%a7%e5%ad%a6+%e4%bf%a1%e6%81%af%e7%a7%91%e5%ad%a6%e4%b8%8e%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e5%b1%b1%e4%b8%9c+%e6%b5%8e%e5%8d%97+250014%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.g.wanfangdata.com.cn/periodical-wjfz.aspx
http://d.g.wanfangdata.com.cn/Periodical_wjfz201210035.aspx

	z}ub
	z}ub
	z}ub

