5511 S F oo Vol. 49 No.11
2021 4E11 A ACTA ELECTRONICA SINICA Nov. 2021

FL T A Y S AL G 22 B s ik ik

K& R Mme, s A2 U, kT
(TR HIEBURE S HOR BT SR E 17  Ab P 0 A 56 0%, TA A 230601)

WOE: ROk, 2 BARUHE Tk TR 2 A T S Ak ARSI IR S T R AL AR A AR L anfef s
B3 F AR Gt DL S Al R W 2 = BT 2 H AR iE AL T B 4k AT S R BB I T B 3R b, AR SC T T — P
T 278 i et A1 T B 4 P 235 40 R B 8 5 43 R A T SR, RE RS AT IO T A5 30 T B Ak A 45 . 70 XU /R 110 el 1 AR
SCHEH T —Fh 3L T XU G A4 T Bk A 22 B ARLIE 7 (DRMOEA). 7E DRMOEA 91, 4 T 3R A5 47 100 U A I 42 5
FEARPERE AR SCHE T —Fh L F AL A 0 AL S R L AL SR IS BRIL =2 A6, B X U2 Ho (1) B S S i o, AR SCHRE
T HETAE A AR 5 B3 SR WG , Z SRR P A A 00 A5 B 5 1 AR ) 0% 7 ) Ak, DT A R0 v T 3301k e A T
PERE . B E O E S B 4% A S 6: 45 SR ] DRMOEA B4 T Hifth 5 MU 3k iS4t ARG I B vk

EEIFE: BN, HESFEEKEN; WS, £ bk

FESES:  TPIS XEkFRIRAG: A XEHS: 0372-2112(2021)11-2101-07

B FZ# URL: htip://www. ejournal. org. cn DOI: 10. 12263/DZXB. 20201094

A Dual Representation-Based Multi-Objective Evolutionary Algorithm
for Overlapping Community Detection

ZHANG Lei, LIU Qing, YANG Shang-shang, YANG Hai-peng, CHENG Fan,MA Hai-ping

(Key Laboratory of Intelligent Computing and Signal Processing of Ministry of Education , School of Computer Science and Technology ,
Anhui University , Hefei, Anhui 230601, China)

Abstract: In recent years, the multi-objective evolutionary methods have been widely used for solving overlapping
community detection problem and have achieved good community division performance. To design appropriate individual
encoding and evolution strategies is important to improve the performance of multi-objective overlapping community detec-
tion evolutionary algorithm. To this end, a dual representation method is designed to encode the non-overlapping communi-
ty structures and overlapping nodes respectively, which can effectively obtain the overlapping community structures. On the
basis of the dual representation, this paper proposes a dual representation-based multi-objective evolutionary algorithm for
overlapping community detection (DRMOEA). In DRMOEA, an initialization strategy based on community boundary
nodes is suggested to obtain good initial individuals, with the aim to improve the detection performance of the algorithm. In
addition, for the overlapping part of the dual-representation, this paper proposes a crossover strategy according to the bound-
ary nodes of elite individuals, which uses community boundary information to guide the evolution of the population towards
a better direction. Finally, the experimental results on nine real-world networks show that the proposed DRMOEA is better
than five representative baseline overlapping community detection algorithms.
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Liu % A 7E 2010 4F 42 Hf MEA_CDPs'"" 5 3% |
MEA_CDPs B AT LU I A 55 B4t A1 AT LUK I 5 S 44
A BRI B T T R R g A ) SRR
J7 P AR b R AR T 0 N T A B #
AT AN 52 B0 B 4h G I . 7E 2014 4F, Lin %A
TE MEA_CDPs [ 3£ il I £ W17 F X5 455 45 0 28 1 530 7k
MEAs_SCN""' 28 % FH o) B iy 15 22 H ARl Ak mT
DL D 4 5 0 4% ) & AL PR N R R . B4R
MEA_CDPs 1 MEAs_SCN ] DA figf- ke 70 8 4 A RG] 7] T,
{HEA RS L ARERT . 2015 4F, Li 28 A2 T 3%
BN £ H AR R TR TR L IMOQPSO' Sk b B
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AR H B T ME L . Wen %58 ATE 2016 4R 41
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2 B ARG I S B 58 4 1 R 2 AN B 45 . 2017 4F, Zhang
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B MRMOEA" IS 55 9 45 v 3 25,20 o Al F 8 a5
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2.2 EHiE#HE
2.2.1 EEEZ

ASCHEH A9 DRMOEA 5925k F NSGA-TITHESE , [A] A
RS AR i =2 an il oal =R S R g N E N E A
PIEBIBE 2 A1) (KKM) Sk A 2RI & Ll (RC) M,
¥ 18 DRMOEA 89 (1 MARHE SR , 32 B ALIE WA~ 2
BR B e R AR AN TR A6 b S I R R 4 4] o
SEME B 2 T A A A S B s AR e A5 3 —
EA R 5 R G FIoRE . B2 R LB B, B
FEEA T8 SO S I SR AR RE | SRR 26 AR B 3 i ¢
IR A5 1R i B R . S T AR R AR
B2 i A5 2 i 41 A 2540 5 2., DT 5 1 R a2 Ak -
PR B B AE AR R  gm A T T
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M
&% 1 DRMOEAEkikiE
BN A WL ISR BRI  popsize : AR/, pm s 8 AR e 58
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B SRR P
Stepl : FHEERI B4 1L
1. P« Initialization(A, popsize) ;
Step2: FEIEIL

. or= LRI

2
3. WHILE termination condition is not satisfied DO
4. MatingPool «— TourmentSelection(P) ;

5. Elite<—Select(MatingPool ) ;

6. € < CrossMutation(MatingPool, Elite) ;

7. IF t% g==0THEN

8 Elite<Select(C) ;

9 C < CrossMutation(C, Elite) ;

10. END
11. P« Update(P, C);
12, t++;
13. END

14. BRI AR
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BN AV, E): AR, pop: FIERUEL 0. 35 2080H
I AR P[P, Py P ;
1. FOR i=1 to pop DO
2. Generate a vector-based individual P ;
. Decode P, to obtain communities;
. Get community boundary point set B based on P;;

. FORj=1tolength(B) DO

3

4

5

6. avg, =d/(cpy+D;
7 FOR m=1to ¢, DO
8 IF avg, <L, THEN
9 P[n+Vjl=1;

10. BREAK;
11. END

12. END

13. END

14. END

AR SCH R UG A% 7 8 BT AN 6] 04 2y =R
FHASIRI P38 SUREM: . 55— 70 R PR 25 i, AT A
BRI HRRES 6 FHR %5 2 A5 A SCR FH SCaik[ 20 ] b4
H LI A8 SR 08 e B AR — 043 ek
&S, A TR S LR B B i PR RE

AR A ki g A SR S AR L
PRER AR —Se R . SRRl A RS — 8 kA
FEHA R SRl 2 A B I B & AR . B
FEACYUCE BN, AR R AR 15 Fa 5 , AL 254
NS S < WTEN C P X P U 2L b 1 W i D E R W A R L
P BAE T EH & S e, TS 2 B S Ak A 454, A
SCHE T 3 FRE DA AR 99 05 0 28 SUHRAE . R B
E PR OOUE AL , 4k A 28540 T2 T 1 1 ) R B
B~ DI 2 — 10 TR T S RN A A R e A
ARG — 55 0 g i it R A5 B Gy I T B AL A S5 4 4R
Je R 3 e [ 45 R 45 52 A R 0 SR ey i B Q2R BG)
S U, BB A AR A B T A AL A 45 R A T AL A
SR JE RIS R B 5558 R A
FARIEATAE N, I THE TR B A58 SR W 1) 2 2L
RN 3 s . XA AR O, AR SCR T BERL
S AR A AR A i S e X i G A T R AL
A5t 0 15 1748k 0.

3 X5 HR

AT DRMOEA Bk 5 A~ oA R 1t
VARG 00 30 3 A S TR e 1 D 48 b R A7 — 2R 8 S, il
1 L Qo' R gNMI 2 (i 3K 56 31F DRMOEA 84k i
fi& . Qov BE T LA FH 4k [ 45 44y 2 280 #4199 45 s A T4t
PH 225 A6 R SR B T 2, @NIMITARS B8 2 o 79 e [X 45+ —

N TR O, KA, Ind {Ind,, Ind,, ..., Ind, } 28 XHEK pe, 15 55K
Hn;

HWdrro;

1. Decode Ind to obtain communities ;

2. Get the boundary point vector B based on Ind;

3. FORi=1ton DO

4 IF rand < pc THEN
5. O(i)=B(i);
6 END

7. END

P A5 B LS BE 5, FH R PEAR B 0 I 2] 174 44 [ A )
2% BLSAE A AG— B, B gNMILKS BE HBE H T4k A 454
LA 45 . B2 T RPN M S0 150 B B S 2
3.1 XWEE
3.1.1 e E&k

ARSCEELT TANE T 2 H s kA il a1 A I 5503k
MEAs_SCN"?' IMOQPSO""* MCMOEA"* MRMOEA"*',
EMOFM"""' > it He 5 325 A1 42 H 19 DRMOEA 347 He
B8 XA RS A SO AE AR LA AR
PLRAS I CR IS EOR . O T AR I, Bk
FRRRRE R/ NI 1B M 100, 3B IRECH 100, T Bk
S A AR R AR R M 2% ST 1T 201K
TOSRI AR, I E . X T B S BRI SR s
HOARTICHE 0. 05 19 i FPEKE T SR A T Wilcoxon rank
sum test K AT ILTEREMIGE i1 22 5, R 45+,
~, =" 4 BN R S B A5 R S A T B L
K L DRMOEA Jirf945 2% . i Bk s i 38w .
Intel (R) Core (TM) i5-7500 CPU 16GB RAM, Windows
104 ER S .
3.1.2 EXMFENEKEE

A SCAE 9N THTH B 32 48 i) B St A 2% 1
Y5 DRMOEA B35 VR g , X451 T 40 4R AF 5 34 an 26 1
FIR .

F1 IMEIMEHES

Networks #Nodes #Edges | Ave. Degree | #Communities
Karate 34 78 4.59 2
Dolphin 62 159 5.13 2
Football 115 613 10. 66 12
Polbook 105 441 8.4 3
PPI_D2 1443 6993 9.69 162
Jazz 198 2742 27.70 Unknown
Netscience 1589 2742 3.45 Unknown
PPI 2445 6265 5.12 Unknown
Blogs 3984 6803 3.41 Unknown
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3.2.1 QoviEHIZTLE & #h

22 278 T DRMOEA A1 5 A4 X e 52 56 78 9 4~ B
A AS ) 4 Pk A S 4% A5 3 A9 Qov (B, N F AT
DL A R ZH0M 4 | DRMOEA & 545 3] 4 Qov i
F H Al B v 45 2 B9 Qov Tk, 45 S £ B DRMOEA 1 T
X HCEL R L B R AR SR G OB g B R AL A Y
R IR S S, A R T AR — B4 g S A
G| B NS 1B A A (A DO 55 i = el O o
M A % S I A 4 T A R & A, TR T T R G

3.2.2 oNMIEHXT LS #7

TEATT H 7R DRMOEA B35 78 gNMIE A1 HAlh
BT, BT gNMIT B8 T Ak 1 25 4 2 )
2 WA FURIRTE 54 B HA - 45 4 () S i 5 N 4%
LR F 345 H T DRMOEA FIXf 78 5 N B
PR P 2546 ) B S ) 2 145 31 ) gNMITE , A 2
Al DLt DRMOEA 78 5 /1> W 25 15 21| () gNMI i 4B 2 fie
KA, 33k S S 28 TGS T DRMOEA 257k 78 EL S AL
W 2% | A Rk

2 DRMOEAFASANIFLLEREEEM L £ QovERIRTLL

Network Metric MEAs_ SCN | IMOQPSO MCMOEA MRMOEA EMOFM DRMOEA
Qov,e 0. 2090 0.2114 0.2096 0.2285 0.2348 0.2348
Rarate Qov,., 0.1993- 0.2091- 0. 1856- 0.2242- 0.2331- 0.2338
ot Qov,e 0. 2098 0.2540 0.2229 0. 2680 0.2744 0.2746
Qov,, 0.1918- 0. 2506- 0. 1733- 0. 2595- 0.2732~ 0.2735
ol QoY 0.2582 0.2440 0.2669 0. 3056 0. 3067 0. 3067
Qov,., 0.2314- 0.2336 0. 2445- 0.3028- 0. 3061- 0. 3065
el QOV 1 0.2518 0. 2440 0.2173 0.2641 0.2703 0.2702
Qov,, 0. 1875- 0.2372- 0. 1868- 0. 2625- 0. 2695~ 0.2702
QOV s 0. 1482 0.0371 0. 1467 0.2193 0.2259 0.2258
oz Qov,, 0. 1448- 0. 0309- 0. 1335- 0.2143- 0.2252~ 0.2252
ot QOV s 0.4227 0. 3839 0. 4458 0. 4698 0. 4697 0. 4740
Qov,, 0. 4212- 0. 3581- 0. 4362- 0. 4668- 0. 4667- 0.4720
- QoY s 0.2147 0. 1290 0.1977 0.3293 0.3437 0. 3470
Qov,, 0. 1938- 0. 0861- 0. 1903- 0.3225- 0.3414- 0.3438
o QO 1 0. 2450 0.3047 0.3352 0. 3968 0.4106 0. 4079
Qov,, 0. 2431- 0. 2463- 0.3233- 0. 3960- 0. 4093+ 0. 4070
T QY 0. 3360 0. 3908 0.3391 0.4112 0.4147 0. 4186
B Qov,,, 0. 3243- 0. 3885- 0.3162- 0. 4049- 0. 4135- 0.4169

-1~ 0/9/0 0/9/0 0/9/0 0/9/0 1/5/3
#3 DRMOEAFSA XL EATEE XML E NMIERIRTLE

Network Metric MEAs_SCN | IMOQPSO MCMOEA MRMOEA EMOFM DRMOEA
gNMI,,,, 0.6071 0.7061 0.8334 1..0000 1. 0000 1. 0000
Karate eNMI,,, 0. 5790- 0. 6821- 0.7369- 0. 9356- 1. 0000~ 1.0000
eNMI,,, 0.3313 0. 8357 0.3239 1..0000 1.0000 1.0000
Dolphin oeNMI,,, 0.3271- 0. 7240- 0.2694- 0. 9340- 0. 9667- 1.0000
eNMI,,,, 0. 6360 0. 8090 0.7340 0. 8298 0. 8348 0. 8465
Fotball oNMI,,, 0. 5404- 0.7942- 0.7026- 0. 8008- 0. 8104- 0.8215
gNMI, 0.3210 0. 4022 0.3139 0.4379 0.3514 0.4587
Polbook oNMI,,, 0. 2225- 0.3612- 0. 2668- 0. 3969- 0.3301- 0.4298
eNMI,,,, 0. 2483 0.2052 0.2636 0.2617 0.2177 0.2682
PPI_D2 oNMI,,, 0. 2416- 0. 2006- 0.2371- 0. 2545- 0.2071- 0. 2606

+el= 0/5/0 0/5/0 0/5/0 0/5/0 0/4/1
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