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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 exist 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 exist time-consuming parameter adjustment
problems. In order to solve these disadvantages, we propose a novel hybrid individual selection mechanism 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
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, we employ the hybrid individual selection mechanism to
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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.
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2 while not terminate do .
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6 setV={y € Y|class(y)=+1} and reset V=Y ifV==null.

7 if count(V)>2

8 foreachy € Vdo

9 calculate the most similar s & neighbor toy by Eq. (7).
10 set y.objs = s.objs.//objs: H ¥x {8

11 end for

12 calculate each gi(yy by Eq. (1), and Q=[Q, y] by min gi(y).
13 endif

14 update z"and P.

15 end for

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

17 endwhile

18 return P,

Fig. 2 MOEA/D-CS algorithm framework
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Table 1 The statistical results of mean IGD and std obtained by five algorithms on F1-F9 over 30 runs. ‘+” and ‘-

denote each algorithm performs better(equal) or worse than other algorithms
1 5 MEIASE F1-FO MR #7247 30 IRIRAF [ IGD Bi{EH Shr e =48 tHa5 R+ 5 AR R i —
PMRERET) 5 TR %

S MOEA/D—(EPS MOEAIDlDE MOEA/D-MO MOEAID-§IM MOEAID-E:S
’ BiE bR % ¥IE FrifE 72 BIfE bRk % ¥IE FrifE 72 BifE FrifE 72
F1 0.0013  0.0000  0.0013 0.0000 0.0014 0.0000 0.0014  0.0000  0.0013 0.0000
F2 0.0038  0.0011  0.0032 0.0004 0.0044 0.0007 0.0037  0.0006  0.0038 0.0009
F3 0.0034  0.0012  0.0134 0.0268 0.0037 0.0007 0.0028  0.0006  0.0027 0.0006
F4 0.0038  0.0011  0.0114 0.0138 0.0048 0.0012 0.0046  0.0017  0.0030 0.0004
F5 0.0068  0.0014  0.0110 0.0027 0.0078 0.0013 0.0065  0.0016  0.0064 0.0011
F6 0.0598  0.0088  0.0594 0.0098 0.0569 0.0067 0.0636  0.0085  0.0598 0.0084
F7 0.1577  0.0961  0.2314 0.1347 0.1137 0.1067 0.1960  0.1042  0.2167 0.1080
F8 0.0236  0.0211  0.0273 0.0237 0.0130 0.0096 0.0274  0.0197  0.0245 0.0210
F9 0.0046  0.0009  0.0052 0.0031 0.0063 0.0013 0.0051  0.0012  0.0043 0.0007
+/- 1/8 217 316 0/9 5/4
T3z
R 7.4001E+03 7.1433 E+03 1.9470E+04 2.6216E+04 2.1790E+04

VRN MR L AR 2, T LR BN R B
1)MOEA/D-CS HikfE KL HEm FRI & it fe. 76 F1-F9 Ml ik o $4E 1 M OEA/D-CS H9%H 5 4
RIVE T 4E ZZF1-ZZF10 it 8 046 F M OEA/D-CS B i F 6 MR I IF AR )5 , £ F1-F9 5 ZZF1-ZZF10 JiliR
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BREER A SOl — P L B MOEA/D-CS 5 Hofh vk 2 1) ) M B8 22 7. (1)M OEA/D-CS 5 MOEA/D-CPS B2 4H
., MOEA/D-CS BiEH 15 AR I AT, Ui B 38 e E 4 AR AE 242 & T 3R B SR ) M %M OEA/D-CS F|
SRR RAR SR P, P EREIR PS, ATLAE R AR EEIL PS BT PS SRl T-45 Bk 8211, H br s [l
oy Bt 21 it LAT DUIE Il TR R 8 B FR BT AR B0 RAR I SE B H A AL R AR R AR A0 3R 4 2R
PR, S B R AR AU B B 5 ik AR D i g AR B B ik B O R AR e ARBL 200 380 1, 88 S5 T DA o 0 4R A
i B FRE AR AR R RS Al T B ARE TR RAR, R R R A E RE TR R R HE R, BT
DL A0 B b 48 Y — N R AU B SR MOEA/D-CP'S SR 1953 25885 A 2% 19,58 T MOEA/D-CPS %
K FHBE AL 3% AR R A S B A A, 3 Bl 7 304N RE FRAIE DA 1 3R 3R 45 B A . IR ik, MOEA/D-CS Z Lk
MOEA/D-CPS H A %k .(2)MOEA/D-CS 5 MOEA/D-DE % i # tt MOEA/D-CS =4 13 % Ul &
¥ MOEA/D-CS % T- MOEA/D HEZE WM& 73K 5 # R KA MOEAD-CS H¥k Mist A 1
MOEA/D [t &E.(3)MOEA/D-CS 5 MOEA/D-MO H kA [k, MOEA/D-CS ik 14 N RILEE. BN
MOEA/D-MO %Xt BT A Ja AR 3 ff 3% 1 SE B H A5 8 V00, 5 4 72 45 B V7 AN 31 D 46 1k % 1
T,MOEA/D-MO H:HE T A $U B @@ /> T MOEA/D-CS %3, 3X % ) MOEA/D-CS % Lt MOEA/D-MO .33
B #,R B4 17 . (AMOEA/D-CS 5 MOEA/D-SIM 34t MOEA/D-CS 514 16 NE UK
1F . MOEA/D-CS 5% &5 KA A B 0 Be08 1R I 16 X o0 A0 R -5 AN 1 AR, 98 S5 R A e AR B B w] DA
R R A R AR AR 11 MOEA/D-SIM B H2 Al v 45 A 5L R 5 05 3T A0 38/ IR AR AL 1, G SR 0B A A =2 A R A
WIR AT BEE T Al B AR R AN R R IX BE MOEA/D-SIM BV 1% Z it £ 6% K. L MOEA/D-CS &
ERRCR AT MOEA/D-SIM Hik WK 1 53 2 180 LA H, A TR H B MOEA/D-CS BiE7E K2 B ik
PR AR R B /N, U B MOEA/D-CS 573k 2k # A 1.

Table 2 The statistical results of mean 1GD and std obtained by five algorithms on ZZF1-ZZF10 over 30 runs. ‘+’

and ‘-’ denote each algorithm performs better(equal) or worse than other algorithms
2 5 MEIATE ZZF1-ZZF10 WA R EMSTIEAT 30 UGRTR I IGD S 5 hrdEZE Guit R+ 5 0 R
AEEANEEEET) 55 T A

S MOEA/D-CPS MOEA/D-DE MOEA/D-MO MOEA/D-SIM MOEA/D-CS
B bRk 2 B bedEE B){H b2 H){H Pk 72 1 IE PRz
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
Z7F3 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 0.0002
Z7ZF5 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 0.0092
ZZF8 0.0256 0.0013  0.0425  0.0812 0.0260 0.0007 0.0262 0.0004  0.0256 0.0009
Z7F9 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  4.4941  1.9224 8.4900 4.6036 4.0950 3.8456  3.8176 1.8750
+/- 4/6 5/5 2/8 2/8 6/4
Fiia
P 1.0190E+04 7.3299E+03 1.7735E+04 3.0278 E+04 2.7341E+04

2)M OEA/D-CS %32 18 2 1 i ] ALK T M OEA/D-SIM (B2 B w3 T H A 52 3% B T MOEA/D-CS B ik
RE S, AERUETRS BE S AR A0 A9 B0 R M OEA/D-CS 3% 46 9% (0 B 18] AR A /2 7T UL #2252 #9.()M OEA/D-DE &
AR DE B4 i 1 AN G AR, 2R )5 R 52 B B AR E VRN 55 B85 4, 5 ik M OEA/D-DE S0y 75 1 /Nt B 4
4 AL SRR AR A /N .(2)M OEA/D-CPS i JuFl Fl KINNIVRG 2 4328 38 R P AT 70 FE 0 R 5 BB ML e ¢
—AME RARAE NS AR &5 FIR 2B H ARE VR0 IS AR FEAT 3T 35 4E. Rtk M OEA/D-CPS 8032 18 9 (1) B 7]
RO E =T MOEA/D-DE Hi%.(3)MOEA/D-MO HiEFIH DE B+ 3 A Ja A% Wi, 194 55 A 3518 A s
br B b5 (G5 47 9F 4. ] ik MOEA/D-MO &L 7E 2% 1) i 8] R4 Z i T MOEA/D-DE 5 MOEA/D-CPS &
1%.(4)MOEA/D-SIM B 2 F) Fl 42 5% A8 AP Ay T8 A58 18 7 1 H A M8, 3X 75 2 78 2% A8 2 K i T A4 B8 Uik,
MOEA/D-SIM 7 %% &) i 18] 4% A £ &1 .(5)M OEA/D-CS ik fill & 4y 2K 5 8 5 g0 AQ B A 04T 5 XA R ik
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$.MOEA/D-CS H3: 1€ %% (IRt ) A & T80 3 Fh gk 2 8 JF A G PIAN 28 — A SCR A Az Al e i i
PR Dy AR BRI TR TS A0 M T AR UL, BT DL 2 RE S — 5 S AT T3, AR A
2B HCET AR X T B R AT R AR S AR AR R, VAN MR BRI AE B8 AT I IR DT SR AR AL A
R I1IE 1T 7] .M OEA/D-CS B i5A4E 2 B B AR I T 28 4 Faarvde . =2 K12 M OEA/D-CS S R A ok 732k
JE s RAR H FRE 77 20 BT MOEA/D-SIM 503551 F i 4358 3 A E b 481K 5 20 T AR A0 22/,

A TIRNGHAE 28 % B AR D R o B35 1 BRI 52, A XM F1-F9 5 ZZF1-ZZF10 I3 R 0 56 ik
BT —#4a AER MR R R B F3,F4,F6,ZZF1,ZZF7 Fl ZZF9. 481X ¥ ik o6 £k 7 f8 M OEA/D-CS $ik g
BB A T oAt BV R s B (F 3,F4,ZZF7), A & Jo 1 Ak 3dh T A B9 (F6,ZZF9) Bl 2 5 3 Ath B vk R 15 AH R
MERE(ZZFL) IR 26 3 b F3,F4,ZZF1,ZZF7 F1 ZZF9 2 2 BARSEEL E 1A MUK PR, E AT/ PS IR 2
ANFE ARG 26 F3 F F4 B AT LAl 2 B AR R 208 S0 PS TEAR.F6 & 3 Eor kL PF #1 PS #R:2 ik &k
1.7 3 87" T MOEA/D-CS SR 1EIX B4 A3 11X 000X o6 20 3R 19 10 B &1 4.
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Fig.3 Final obtained approximations by MOEA/D-CS
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Fig. 4 The mean IGD(log) values versus numbers of FES obtained by five algorithms over 30 runs
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Fig. 5 The performances of MOEA/D-CS with setting different parameters
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