A2 1SSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2019,30(12):3651-3664 [doi: 10.13328/j.cnki.jos.005602] http://www.jos.org.cn
©rp [E B2 bt AT BT R B Tel: +86-10-62562563

BEMIGEEN SIS B EE
sl o7 )Y HERS £ #!

YAt RN B ALt 100876)

M E BN AR 5B TR ME  054000)
SEBARIM R WU 58 LR, [l 200062)
W 7)1, E-mail: shichuan@bupt.edu.cn

W OE: A% BARSMLER T TN ERMEL E P ABERAM R E YAt BT RN ET X

2 F— b R4 B RAC L R IE, — A AR 46 A A A Yoo R 4 B 5 ARis B fe R Xk T AR L& 4
8 EEG A AP, RE A AT 8 B OR R SF B A T Mk X S B 38 8 T — AP e ik ook 5 RIB ey A
AR TG RAIZL & T A FRAMBEE R T  BAANA L BSREN R RERITT 482
TR RIEALR R T AE L RAR 69 B AE, U2 )R 2k B AME A B S AT HE S it B R AR A B AR LT
A e % B ARG % MOEA/D, A B A ARk A% 3t T #7169 0k 4ER MOEA/D-CS. 5 4 AT AAT 89 & T4
% % B ATEEAC Fk o d, B4 R R PP AR 09 R BT T AT a9 Mgt

FEEHR: % B ARRAL B R B R AR MOEA/D

hEES S TP1S

rhacal R S BRI LD, 0 I TG SR TR A M R S AL 22 H A Rt Al ST B 7 4% ,2019,30(12):3651-3664.
http://www.jos.org.cn/1000-9825/5602.htm

5| F#: Chen XJ, Shi C, Zhou AM, Wu B. Multiobjective evolutionary algorithm based on hybrid individual selection
mechanism. Ruan Jian Xue Bao/Journal of Software, 2019,30(12):3651-3664 (in Chinese). http://www.jos.org.cn/1000-9825/
5602.htm

Multiobjective Evolutionary Algorithm Based on Hybrid Individual Selection Mechanism
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Abstract: In multiobjective evolutionary algorithms, how to select the optimal solutions from the offspring candidate set significantly
affects the optimization process. At present, the selection of the optimal solutions is largely based on the real objective values or surrogate
model to estimate objective values. However, these selections are usually very time-consuming or of poor accuracy problems, especially
for some real complex optimization problems. Recently, some researchers began to employ supervised classification to assist offspring
selection, but these works are difficult to prepare the exact positive and negative samples or of time-consuming parameter adjustment
problems. In order to solve these disadvantages, a novel hybrid individual selection mechanism is proposed through integrating
classification and surrogate to select the optimal solutions from the offspring candidate set. Concretely, in each generation, the selection
mechanism employs a classifier to select good solutions firstly; then, it designs a cheap surrogate model to estimate objective values of
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each good solution; finally, it sorts these good solutions according to objective values and selects the optimal solution as the offspring
solution. Based on the typical multiobjective evolutionary algorithm MOEA/D, the hybrid individual selection mechanism is employed to
design a new algorithm framework MOEA/D-CS. Compared with the current popular multiobjective evolutionary algorithms based on
decomposition, experimental results show that the proposed algorithm obtains the best performance.

Key words: multiobjective optimization; evolutionary algorithm; offspring selection; similarity; MOEA/D
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Fig.1 Characteristics of continuous multiobjective optimization problem
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2) RS ECHEF PSR ECE G PR PREAS, I AT M 2 B8 BT (58 3 4T);
3) A IEBERE AN IR S A classifier X IEARBEAT 73 2R (G 64T ); 2R U5, 0 S 4% 11 A2, U0 FH 2
RYARFB AL VAN AR B AR RAF ARG 7 47~58 13 A7) 55, B A 0 2 R B
P(E 14 17);
4)  HEIEW] PRI PREAS (5 16 4T).
B 3% 1. MOEA/D-CS ik HELE.
N R /N N ARSI/ T, 7 1 B SE B 4 H C;

SWIIE RM 5 M po, Z XL Ty
W A A WL WY

vtk :MOP [ B[y e i I P

1 initialize x', B', z".

2 while not terminate do

3 calculate P., P_ by Eq.(3) and Eq.(4), and train classifier = Class(x) .
4 for each ieperm(1 to N) do

5 generate offspring solution set Y={y*,...,y"}.

6 set V={yeY| Clgss(x) +1}, and reset V=Y if V==null.

7 if count(V)=2

8 for each yeV do

9 calculate the most similar seneighbor to y by Eq.(7).
10 set y.objs=s.objs. //objs: H #x{H

11 end for ) »

12 calculate each g'(y) by Eq.(1), and Q=[Q,y] by min g'(y).
13 end if .

14 update z and P.

15 end for

16 update P., P_ by Eq.(5) and Eq.(6).

17 end while
18 return P.

Fig.2 MOEA/D-CS algorithm framework
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5) £ MOEA/D-CPS,MOEA/D-SIM f1 MOEA/D-CS .1 ,2 H A5 s #4838 K/ T=15,3 H 5 2 F 1146
1 K/ T=30.7E MOEA/D-CPS #1 MOEA/D-CS 3 i 3 41 (1) £ i K=3.
32 AWML
A5y HIAE F1~F9 Rl ZZF1~ZZF10 AR R 204E 1A T 0 L s 36 B A7 SV R3S IE 4T 30 IR AEREAN IR pA
B by vk SR SIL ) IGD YA RIFRUEZE . IGD SR /)N, 1 W S50 (0 WA S0k 20 A 1 R s v 222 N 33
WALV A e PR AT [RI I AR SCIe 4 N Ge il T BRIV AE F1~F9 Il ZZF1~ZZF10 PN R B4R LI 31T
WA SRS R MEREER L 5K 2 h(+ 5 o RlRnE —MEENE T) 59 T HAE ).
Table 1 Statistical results of mean IGD and Std obtained by five algorithms on F1~F9 over 30 runs
F 1 5 MEIRLE F1~FO MR of £ B AT IZAT 30 IR 3RAZ 1) 1GD MM Shni = Si it 45 1

el MOEA/D-CPS MOEA/D-DE MOEA/D-MO MOEA/D-SIM MOEA/D-CS
il kevEE | BWME ks | WM FERE | WM WRiEZE WME bRt 7%
F1 0.0013 0.0000 | 0.0013 0.0000 | 0.0014 0.0000 | 0.0014 0.0000 | 0.0013 0.000 0
F2 0.0038 0.0011 | 0.0032 0.0004 | 0.0044 0.0007 | 0.0037 0.0006 0.003 8 0.0009
F3 0.0034 0.0012 | 0.0134 0.0268 | 0.0037 0.0007 | 0.0028 0.0006 0.002 7 0.000 6
F4 0.0038 0.0011 | 0.0114 0.0138 | 0.0048 0.0012 | 0.0046 0.0017 0.0030 0.000 4
F5 0.0068 0.0014 | 0.0110 0.0027 | 0.0078 0.0013 | 0.0065 0.0016 0.006 4 0.0011
F6 0.0598 0.0088 | 0.0594 0.0098 | 0.0569 0.0067 | 0.0636 0.0085 0.059 8 0.008 4
F7 0.1577 0.0961 | 02314 0.1347 | 01137 0.1067 | 0.1960 0.1042 0.216 7 0.108 0
F8 0.0236 0.0211 | 0.0273 0.0237 | 0.0130 0.0096 | 0.0274 0.0197 0.024 5 0.0210
F9 0.0046 0.0009 | 0.0052 0.0031 | 0.0063 0.0013 | 0.0051 0.0012 0.004 3 0.000 7

+— 1/8 - 217 - 3/6 - 0/9 - 5/4 -
EHJIEAT R () 7.4001E+03 7.1433E+03 1.9470E+04 2.6216E+04 2.1790E+04
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Table 2  Statistical results of mean IGD and Std obtained by five algorithms on ZZF1~ZZF10 over 30 runs

F2 5 FMAE ZZF1~ZZF10 i p& B AT IEAT 30 URAFI 1GD BfE B bR 22 G vl &5

el MOEA/D-CPS MOEA/D-DE MOEA/D-MO MOEA/D-SIM MOEA/D-CS
W ke | WM kRMEzE | M@ medkEzE | ¥WME bRdlEx | ¥WE R
ZZF1 0.0013 0.0000 | 0.0013 0.0000 | 0.0013 0.0000 | 0.0013 0.0000 | 0.0013 0.0000
ZZF2 0.0013 0.0000 | 0.0013 0.0000 | 0.0013 0.0000 | 0.0013 0.0000 | 0.0013 0.0000
ZZF3 0.1088 0.0203 | 0.1419 0.0095 | 0.1247 0.0350 | 0.1034 0.0158 | 0.1026 0.0156
ZZF4 0.0220 0.0002 | 0.0212 0.0002 | 0.0217 0.0002 | 0.0221 0.0003 | 0.0221 0.000 2
ZZF5 0.0014 0.0000 | 0.0013 0.0000 | 0.0014 0.0000 | 0.0014 0.0000 | 0.0014 0.0000
ZZF6 0.0928 0.2230 | 0.0013 0.0000 | 0.0015 0.0000 | 0.0014 0.0000 | 0.0319 0.3161
ZZF7 0.1409 0.0156 | 0.1597 0.0289 | 0.1535 0.0214 | 0.1251 0.0229 | 0.1224 0.009 2
ZZF8 0.0256 0.0013 | 0.0425 0.0812 | 0.0260 0.0007 | 0.0262 0.0004 | 0.0256 0.000 9
ZZF9 0.0057 0.0034 | 0.0076 0.0064 | 0.0079 0.0071 | 0.0092 0.0059 | 0.0079 0.0059
ZZF10 6.4666 2.6957 | 44941 19224 | 84900 4.6036 | 40950 3.8456 | 3.8176 1.8750

+/— 416 - 5/5 - 2/8 - 2/8 - 6/4 -

EHIE AT R (7] 1.0190E+04 7.3299E+03 1.7735E+04 3.0278E+04 2.7341E+04

WL RN AR 1SR 2,0 UK I R I 4.
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MOEA/D-CS 5 MOEA/D-MO .34 tt, MOEA/D-CS 5364 14 MR Bl IF. I8 MOEA/D-MO 572
X BT JE ARG £ 35 R FH 52 B HARAE DA, 8- A5 A0 [RIVE A VB b 4600 454 T ,MOEA/D-MO %%
MIE AT AR B B 7 38 /> F MOEA/D-CS v 1X Ui ] MOEA/D-CS % Lt MOEA/D-MO Ly #,3&
A 25 B A

MOEA/D-CS 5 MOEA/D-SIM 554 Eb, MOEA/D-CS 554 16 & Bli i . MOEA/D-CS 511 %
KA MR o 28, RE AR L DX 2 A R A 55 AN R A8 5 R A AR 28 m) UM (R Ao v 4k HE i
A% MOEA/D-SIM T 32 A5 1 A5 A 8 08 At 5 5 A0 200 38 A 440 PR AR B2k SR A o A A SR IR A B AR
AT BEAE 1 A5 H BRI A b 2 B0, X B, MOEA/D-SIM 53k B Z k2 A % K, 9T L MOEA/D-
CS HEMA RS T MOEA/D-SIM 57k

MFE 1 5FE 2 EATLEH A H K MOEAID-CS VA TE A 22 ik bf 2L AR v 25 #10J2 dst /N 1, Ui WA
MOEA/D-CS H ik & e fa e 1.

2) MOEA/D-CS S35 46 2% I I [ AR I T MOEA/D-SIM (H 2 2 v T H ARG k.

HH T- MOEA/D-CS 32 1) 1 ik B i AT K 5 55 IS [ ARAN IR A1, MOEAID-CS BEVEAE 21 1) I [R) AX 22
n A2 (1.

)
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D-DE 5375 AN o $ B 178 9 (14 I TR) AQ A 3
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AT W) [8).MOEA/D-CS .12 4k 2 1 ] [ AR I T+ 55 4 e 4592, - B it [K )2 MOEA/D-CS Sk R M 46 47
KGN B AR HARE R 77 =, A T MOEAID-SIM 3% F Ak U 4 35 00 2 i bR AR 1 5 =X, I i)
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Fig.3 Final obtained approximations by MOEA/D-CS
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