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DCDREA kA FEAUZRAM(REME A 45 o R ARFEAER!, Clett B Br A MAE )| GAE R, SFRERFT AR 4%
f#, del AR KA E GARK, AR F 3) BN GAER T SA 95 KAk, AN X RIEAR £ 2K k547
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Diversity Classification and Distance Regression Assisted Evolutionary Algorithm

SUN Zhe-Ren, HUANG Yu-Hua, CHEN Zhi-Yuan

(College of Computer Science and Technology (Nanjing University of Aeronautics and Astronautics), Nanjing 211106, China)

Abstract: This study proposed a diversity classification and distance regression assisted evolutionary algorithm (DCDREA) to solve
expensive many-objective optimization problems (MaOPs). In DCDREA, the random forest (RF) is adopted as the global classification
surrogate model. All the solutions in the population are as the training samples and classified into positive or negative samples according
to whether they are minimum correlative solutions, so that the model can learn the classification criteria contained in the training samples.
The global classification surrogate model is mainly used to filter the newly generated candidates to obtain a group of promising candidates.
In addition, Kriging is adopted as the local regression surrogate model, where the solutions closest to the current candidates in the
population are selected as the training samples, and the distance between the training samples and the ideal point is approximated by the
model. Then, by the K-means method, the candidates are divided into y clusters, and from each cluster, one candidate is selected for real
function evaluation. In the experimental part, the DTLZ suite with large scale 3, 4, 6, 8, and 10 objectives was used to compare DCDREA
with the current popular surrogate-assisted evolutionary algorithms. For different test problems, each algorithm was run independently for
20 times. Then the inverted generational distance (IGD) and algorithm running time were counted. At last, the Wilcoxon rank sum test was
used to analyze the results. The result comparison shows that DCDREA performs better in most cases, indicating that DCDREA has sound
effectiveness and feasibility.

Key words: surrogate; evolutionary algorithm; many-objective optimization; expensive problem; random forest; Kriging
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% B AR ) AR AL S B AN SO A LA R B BRIk ) R, L E bR TR AR A R v ELAE AR B AR
DR 38 Ak B9 B S5 e o B 22 AN H AR Z IR 9 JR, ELAS 32 Il RGP (R 20 3R, JL32 0 oA 7 AR 22 4T P it 2
bR Ak il f g — R i 47 10 T B e, By il

% H AR 4L i B (multi-objective optimization problems, MOPs) ) — K 2 40 7 :

min F (x) = {f,(X),..., f,(X)}",
subject to X € RY,
o, FOO={F1(X),.. (03T m AN B BRZLRR I H BRI, X={Xy,00Xa) T d A9 5 A8 B ALK IR e o B, RYAY d
PR, F AR NS 28 (RIS ) BR 23 R 75 SR AR5 /ML LRI, 24 B4 Vi={1,...m}, fXK)<fi(x) A
Fj={1,....m}, FO)<f), TFR x* AL X U AR R A RS S x, PR x AR AR, Rz, MIFR x
N SCECARE. BT =l ST AR P R SR ) o ) il ) B 2 MU A ) BRFE AR 4E (Pareto set, PS), Xt H A i) £ 44) i (1 4 &y
YA B FEHT ¥ (Pareto front, PF).

LML HER, TREEMBHTIFZ A 802 B0 E%, 0 SPEA2, NSGA-II,
MOEA/D™, IBEA®'#1 SMS-EMOA!", "B AT AIE B o] LUBCA A 2@ v 2 H AR AT 3 H brifb il . (H 2Pl
HRR B3 hn, Xk, IR E T RO RRSE, RISt s, B bR Eo I 3 Mk i) AR
NEEZ H AR AR R, AT S T 4 L NSGA-TTTHY . KnEAU', HypE!"IHi RVEA!,

B EIRAE MR e 2 B AR, 5 AR 2 B AR ] RN, A A TR R LSSV A, B A R 4G
[ B A R A AR, RS AR AR — SRR O B O 10 A ) A, I K e A A R R L L
S0 SO IR B (1 5 SOk FLSLIT A, VR4 AR T A AR R AR, R B VRS R A 5 BUL ST A
UHUZ BN T — 2 R BR ] A 4 B kA B3k AT U@ BN AR B PP Ay Sk ook B SVl 43 7 BRIV AR
Wit R, 15 205 47 i 45 G b1,

ARFE A B R0 v o AR BB A A 22 0 i R R O) Kiriging ABEAINTIL Jof o o 2 AU S0 4% i) 6
B B R 2 A ALY Sl e i R ] AR R PO B e ST AR AR Y B ok E, XTI Z B AR AR B, R AR
A7 B 30 A SV A A B A 9 B S PP A U HORT s A Ak T 40 k2 i ParEGOM), SMS-EGOP4,
MOEA/D-EGO®), K-RVEAY, GCS-MOEP"!, CPS-MOEA*!#1 CSEA!?!.

ARSCHEH T — AT 2 R 4 R0 28 1] U F) i3k 4 5725 (DCDREA ) SR i v B 5 22 H AR PR AL 1) /. 43 26
BEALE R4 R ARBEASE A, FH ok MG 3 A b o HE — 2 A S I A [l VAR B AR R 3 S AR B Y, R ORAE A A5 2
B o 3 T SV AG AR R, T o A RUUE N A R B S TR LA R B A — 7 IH, TR R
2 H AR AL ] R, AN R 40 2R AL, [l U A () g g B T 2 B b 00 B R £ 18 U 5 — Dy T
ot F R BRI, T0 Ve R P FH 3E AR 2 S T G AR, PR B 56 1) AR J5i i i 2 i 2 TRD FR B 25 0% 2R DAAR B 4
fE B0 TR, A P 43 MR Dy 4 J AR AR TR B o 4 o) R g T e ), R B AR A A I JB AL T

o H, T UNIGRFEARIER > BEATIR, W ks [ R Dy 4 BB A, it A3 AR KT e i 3% D &F
fif, BRAE FCSEPPAL T A A MR 0 AT
o T X TIEIARIROR UL, I ZRRE AL P A (R EE I R B PPAN AR, RIS AR R, U T Al
2 MR T, BILE [R5 2P, R 3 IR VAR 2R 2 L 4 ) [ U 2 o
o =, WTREABEREUD, WHTAREARBET Y S i 2 AR A PERER. Bk, JE RABIRAE N R
PSR, T LAAS 3 £E J5) 350 22 [ PR X ik PO A58 R A i
15 %
2 3 T A G R AT A A B A B9 DA B AR S e AR AR AR Y A PR B ATL R AR D) 2 A
TR Jo5 A QB AR R BT 47 FH 1) Kriging! ) [l VA AR iy g 22
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11 KIEHMELEE

H AT 1R 2 2T 2 H ke 5 5% il 00 A B0 40 B 34 S0k BT 78, KA L mT DA4y sl A [ VA A Y fg i, i
JE 43 AR 10 559 DA R Aok R 22 MR VR A5 1) B
o i FH ] R RS AY () vk — R A B AR R AR A LA bR R B AR A R B Knowles 2 1
ParEGOW 4 J51 il # 43 fift ]y 2 A1 1) f1, 3 U ARBE ML 3 — A 1 10 8, 6 Kriging B LA XA
T I B R R A, IR e BV T E N IR AR YR, Ponweiser % AFEH ) SMS-EGOP* M
Kriging B8 {0l & 88 A HVOYR 5, K #BER) HY STERE, B S-metric, 1ENIEMMUHE. Zhang 5
AHZH 1) MOEA/D-EGO™ M A Kriging #5844 & A7 il UK SR & BB 3, JF3E BT 1E % IR 3.
Chugh % A4 Hi ) K-RVEAP M FI Kriging 555 53 AIPLA A H A s %, 4647 78 11 5 2 (APD)E A
MR AR, Luo 28 A$2 H ¥ GCS-MOE™"M¢ H Kriging B 04 5 ANME 55 19 bl 7 ol J (1 56 4 bR 4, 3@
TEAT 55 41 2 18] ) B4 - 4R 4 A
o o AR () SRR M R BT IR AR AR AT Fo 2, T A 4 SRS AL T LA 2 5T B M B 1) oy AR AE.
Zhang %5 N2 H ) CPS-MOEAP8% F] 43 2 [0 T4 (CART) 5 K I 4B 53 (KNN)FE A AR ERAE Y, JL ]
AE ST HECHE R 1977 VR30I ZRRE AR 40 I AR ISR A%, Pan &5 A2 1 CSEAROME I BT 4 b 8 160 2% (FNIN)E
AR AL, HE SR R R B TR R 53 5, ARG IS IR AR AT 4 2K
o RILZ AN, ADWHTE R 2R AR B, DR AR AR, Lu S ANER W
CRADEP?ER i 43 A2 5t [a] A28 b B0 SR A, AT 3 RN R B &5 R — AR MR 75 2 J0SE VP4 1O MR
RO FE A R DP A 1 A
1.2 FEHLFREE
B SN 2 AL B ST A E i, o, BN RSB MERE T RE R S, (AR AR IR
GEA RGBS B TR R S W AL T N2 5] 8% Bagging® 'R AR R ST — MR R BEE, B I
FEARHEAT Bootstrap KAF, B ARV H & R KR FE 7 SR 2 AMFEASE, AR5 A FEARGENZG— %]
W, PR IX e B Y AR AR, BHHLAR MR DAY SRR Dy B S 28 00— B AR B o, B 7E Bagging [ J: il 15
BT BEAUE R R, BN T ORFEIRAG R AR SR B AL, AT H A R OR B, BEALAR MR (RE) B G R 4
HIZ AR RE R E R 1, [RIBT IR 2% S G A &) F s A5 5.
BEALAR MR R B 1 R, HAR s e AR S R R R E S kK NE M T,
RIGMTEFEFRANBIEAT R . SEKIEAR LI HIEREARERBENLFLRE, STHR[33]1@ I k=log,d, L, d
N B AN

BE4K
P
[l “~._ Bootstrap
A § Ty
- r/ s
el ¥ A
TH4%E] TiFk#2 ... T4

L

[ R \ e [ i
h L %, f,/'l/
““-“-x-"\_‘_ \ ,/’,/ e
~
LR

1 BEHLARMORE

X T A BA Myain MEARI B4R, 383 Bootstrap KAEVE, FATAI A2 n MEALE, SRR DA
B Mygain DAEA. R DFEACH AR DURIR N SR — A R HER, AR AT LA ZR Y ne A Besms. o J 45 SR ik
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a5 ey, 73 RAE% BRI BRI
Forp, AR SO BEHLARAR 15 2 1 B0 10, B n=10, PR SRR 2R 2 Fr Ok R 43 Ja
HyE 4R D H2U AT LU 2 e R i 5

Iyl
Gini(D)=2" " PP« (1)
k=1k'=k
Forp, [y BEAS b G S S B R, BRI 2p 2 2K py 9 keh ZREEAHT 5 T EL A
BT a Ak e faHih
Gini_index(D,a) = i“D—DV”Gini(DV) 2)
v=1

Horb Vo a BT REREUE, BIREASET a WTEEUE M {a',a%,..,a"); DY a JEMEEL @’ I T LA RE AR, o
T H4ur s, Akl B A a=arg, aminGini_index(D,a).
1.3 Kiriging
Kriging! " & — AN SR8 5 2 Hik, B Bm Em e, I BT RIS MM A H e v, A T 8o
—ANBEM 19 Kriging #E81, F0A11 75 B SR E.
o B, RBN TR x, HHRREYE y #AL
y=ute (3)
Forpr o2 [ R R G T AL, &~N(0,0%);
o T, BN TEEMWA XM X, HEBBENLE R 2 S e M EEE A, Rl
c[&(x),&(x)]=0*R(xX' X)) 4

R(xhx”)—exp(—iek | X — X! |ij )

k=1
Hdr g p NBSE peell,2].
BT UL RS, ST NN IZREEA, AT LA RBIAR, B A2 (4) R A5 Kl o

1 C(y-1w)"R(y-1p)
2ro?)M? [det(R) . { 202 } ©
Hor, y NUINGAREA T B AR REUE, 1OV N B 5] ) &, det(R) VA EHEFE R 10474150 R SRR F:
R(x',x*) -~ R(x',x™)
R= : : 7
R(x",x") - R(x",x"1)
NT RN @), 7T AR E Rl o
=1"R'1)'1"Ry (8)
o =y =1 Ry L) ©)
|
b, WK, ATUME T IEGE AL E AR E 9 f T 2 8%, BIORHR e
§=u+r"R(y-1p) (10)
=0’ [I-r"Rr+@"R'D)'1-1"R'r)*] (11)
Horp, T RFEAR G 5N X A G HE B
r" =[R(X,x"),....R(X, x")]" (12)

2 ETFZ#MoEmiESEYTa#HLE A (DCDREA)
ASCEENRH T DCDREA, VAR E WA 2 Fr, SRR E 1 Fis.
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ek ]
_il%

+ | ! !
: || [2ma R#ES
’ WER — | kmmw e )

e e

o | |EERRE R SR LA BEETR
e | '{ BT '{ﬁ‘”*‘ ’{.a‘z:iw T T e

T ki
FIEFH LT IR
2 DCDREA i =K

B3k 1. DCDREA EEHESE,
BN NEREARFL RN RS E RO E Ly TS R FEpa
By RPEE P oAb AR S G .

1. ¥WHEBRKASERRE, WHAW,

2. CRFE 11d-1 MR, FSEERE R P;

3. while FE,,>0 do

4. [trainX,trainY]=sampleClassifier(P,W); 7% 4 RARER A R (N SR AR 4 28, VS 2
5. globalModel=globalModelBuilder(trainX,trainY); 114 Ry AR BRAR B A

6. Xg=P(trainY==1);

7. X=candidateProducer(Xg,globalModel,Wp,q); IME R R, Bk S

8. [trainX’,trainY']=sampleSelector(P,X); IR EARL T I R AR, B 4
9. localModel=localModelBuilder(trainX’,trainY’); 11 JRy B AR AR 7R ) 7

10.  X=selector(X,u,localModel); IEBHE T, Hik6

11 ECSEVEE X R3] P,

12. FE max=F Emax—|X4l;

13. end

A RARAT LAy N~ 6 A4y,

o WHAECEIE 1. BB 2): WAERK NS HEREW. B, BEHCRFE 11d-1 MM, ESLiPEmn
A P;

o IR REBACER 4, HIR S): MEE P T MBI NINGREEA, P, SR/MECRENENIERE
A, bR 1, HRENAFEAR, FRI08 0. SN ZE[E] trainX FEAS sk 7 &, i 25 8] trainy
FEA I 4 254518, trainX 5 trainY # R I SRRE AL A T Il 254 R AR B globalModel. 4 JR AR #EAR
BIA] DA R AT A] 4 AR, A SR T B ATLAR AR 2 SR 2

o EIEMAERCEE 6. B 7): FIEMAERE TR P RARNIEFERIIME X, (VG M, FaA
globalModel 3k 7 20 1% 42 L T4, 55 15 BMGEIEMRER X, TR 5 AR 28 i1 AR 72, globalModel
PEAG EBR A Winay 5

o I MARIMBACEE 8. SIE 9): JRFBAIAILH P A 7E PRI 2S MIEE S X Bl 09 B fF1E il
FEALE, U i M AN ZS A trainX!, 30 #AR 500 BE B4R 0% 2= 1A trainy’. trainX' 5
trainY’ 1 B I R RE A SR T I 0= S AR B Y localModel. J= 34 B 28w LA AT 4] [ A A5 784
AR Kriging [A] )4 7Y

o IEFEMFEEMCEIE 10): 1 K-means JiEXHEEMAE X RIFE, KA ui~iE. #H localModel 7E4 4
A t— N A, A R R R R D X
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o LEXF XeHEAT ESLIRAE IR E] PR, WRGA B E SIS A B BR, SR b IR B R, S, Bk
[l 0% 2.
Horbr, WA YNGR AR R A0 R (45 4 R AR R AR I 5K S 1R 40 25 R0 R B AR B AR R RE A (R e 1) o ik A
AT AR R ST DCDREA (1) S BE4H BGHE 73, 1 TH 20 1) 45 PR 41 i B
2.1 Bk
WIEALEE 7 F BRI 5 4 S W) & AR AT LR .
(1) B4R S R F R IE N A JF 5 it 7 30536 e s 8 P T b A e — I ST 0 AR I 2 5 T
WMFENSHREW =W, w1 weW,i=1.,N, NTHEESFHEE:

Hi e Z:.“:lw‘jzl. Hrp, H HT#EHSEREAERNER, m NEGRHE. 2RSEREIEEN N=
Cliint:
(2) ARG B LT 8L 75 B LSRR (LHS) BT ik e 55 4% 18] 1) 51 SRR 06 .
EONAEHIBENL R RE R A 11d-1123) Horp d Rk 8 n 8.
2.2 AR TE

AR SCR I BEALARMAE 9 42 JR AR BB, Kriging BRI 5 i AR AY, AHOC/ 4R 7F W58 1.2 W5 FN5E 1.3 75,
X F BN PG N, 454 5 AREA Y (1 I SR FE AR 43 28 LUK ey S AR BB Y (1 I SR A (¥ 3 %

(1) 4 JAARERAE R Y R RE A 1) 23 2K

HE 2 NARARE BRI R AR S 2R FE . BT AR o AR, BT DA BN IR A T i
T2, bR N IESURREAR. X B, BRATE P MFTAE MIE N IIZREAR, b, S/MERRES N IEREA,
ROPFNFIREAR. Horp, F/NHE OGRS BT P47 7 USSR 2 B, FE RN EE AT o A MR R SR
T R A IXFE N GRRE A R T & R ARER A B (22 5], S 4b, BB SRR, /A SR SR o bRt iz i
PF, B[ 43 Z8A8 0 22 3] 3 ) 4 KA it S B 2 815, IX 245 A 57 R T8 22 1 0, (R4 397 7 26 B0 0% 34 it )
PF 54, T THPE X /N AH O AR A 10 T S8R AT VE 40 5 .

Bk 2. 2RI ZRFE A1) 4 25 sampleClassifier.

N FhEE P, SHMEE W,

s WZREAR IR N trainX; YIZRREAR 1% trainY.

1. Xpes=MCS(P,W); IAF5E P /MR R RS, WA SCEE 3

2. indexes=find(Xmes,P); /AR B Xines 5T RLAE P R 5]

3. trainX=P.decs; /ftrainX YRR [ R 5% 1) &

4. trainY(indexes)=1; 11X mes XoF B R RE A FRIGBEA 1

5. trainY(~indexes)=0; HERFERBIFREE R 0

A, ff5 25 A DG B A E AR B A MR AR/, R x5S g w A O R
0=arccos( Y 18 } (13)

Iy I-fwi|

Hoh,y £ HAREAE, weW NS i, ||| 2 A rA,

/NSRS BT SRR A 3, Horb, d(x,2) N x BIERAR S 2 HOEE S, WA sR(14); Cy N w /M
KM, M TFRRE X hREME x, HMEsHRERS x HEARR/DMISHE MR, XTS5 mE w, LA
KRNI MRS H RN W IR, 2% E w NSy SR S b B B AR 2 BOE IR, a5
2 ) B (BN SR AR AL SR A, BN X RIS SRR SR, Horh, 2 =(min(f)),...,min(f)), min(f)h X 7E5 i 4
H b b 1 f5e /M.

© TEBREEEEIEDT  htp/ www. jos. org. cn



3706 RAFFIR 2022 4% 33 A% 104

dis(x,2")=|x-2"|| (14)
BE 3. B/MELHSE MCS.
BN AR X, ZHEE W,
fih: B AHOCMREE C.
1. for &> xeXdo
2 KIS x M B E RS HE weW,
3. if isempty(Cy)|ld(x,2")<d(Cy,2") then
4 Cuw=X;
5. end
6. end
(2) JRFAREIALIY I ZRAE A I i 3%
B4 N R AR SRR AL R S AR, — kU, BEE VI ZRFE ARSI 138 I, BRI SR R] 23 PR
W _ETE, Horp, Kriging B JEABIR, FLI R (A0 R A SR AE 58U, O T FEAS B B FRACBE Y A R 1 ()
I 208 AN ), FRATTRORER P 5 (e i £ 1 5 7 TB) N R S B IR AR N GRAE AR, 5 I8 B 2 B An ik
i) B HAR R S, EAEG PTE I B AR R 5 G R ORI R 72, M LUBCRHER IR . S 4h, 2 H bR
forb, AR ST OC R A DL E e HI TR R AR 95, Ak, X B R AR AR A L A i B SR AR S IR .
Bk 4 RIpARERE R I 2R A (1) 3% £ sampleSelector.
BN R P RIEAREE X,
g ZREARPIHIN trainX’; YIZREEAR R 4 H trainy’.
1. trainX’, trainY'=g;
2. for /> xeXdo
3 HE P 5 x 7E RS 1R B B /N I X
4. trainX'=trainX"uxs;
5 trainY’=trainY'udis(x.,2");
6 P=P—xs;
7. end

2.3 {RIEMERET

% 8 il 2B B R R AE A R AR BV AL R IR AR A IR 8, DLAS BRI AR TS I ik A, B A LR
5. NT R FIFHIA %M, 1FERARE T8 P RIS /AMHICAREE X ME N WIE R4, X BT LR AEE T
AR T i, S S0 R AR 53 ) 32 X (simulated binary crossover) Y12 I 2 5 4% (polynomial mutation)i*”’
AT AR off. BJE, M4 globalModel T¥AY off, ¥ H 40 NIFMEIR MR, H IR B IT#.
B3k 5. kMR RS T candidateProducer.
N VIR Xy, 2 RAREEEEAL globalModel; 281 TF A% AL Wiy
iy RIS X
X=Xg;
while w,,,,,>0 do
XAE RS, T AR off;
{ i globalModel #1732 off, &5 $ic 4 label;
X=Xuoff(label==1); /B label 4 1 fIFAR

Wmax=Wmax_|0ﬁ| 5

NS kR

end
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24 EEET

W FRE T R IR IE MR P IR B 0 MR AT B SVPAG, BAR WA 4. HAERMEA localModel P45 BN R
xeX, 13EITAEAE Yoo MAHHE M s, P8 FH T BE FOLCD)ME yicp. SRJEXHRSE X {f Fl K-means 775 %
%, R BN R, HAERGAFE T —A yieo BN, B H A AT RS FAR A 2 B0 B I/ (O A

YLcD™Yhat— XS (15)

For, Yoo SRR BRSSP R s MR ANER € 1 oo R B, X LR 2.

HL 6. EFHET selector.

N RIEMER X, 1 HAEREE k; localModel: J&HBAQER Y,

v K T SRR AR X

1. X&=O;
2. f#FH localModel ¥4l X Hf#, 15 HEEA R yico 1H;
3. i K-means 2530 X ¥4 N u/MiE;
4. WHEAE, Yico BN IE I Xy

3 X B

EH 5 F A & 5 i) R 7 A O KR I TR, 3 SR A BUSE I B SR ), R A T L sE IR e B R
I IR], S BB (AL A6 90k 2 & Ak LA 2. TRk, R AVTBR )l 4K 1) /230 F 2 SIZ A IR BOR A RLAR v B+ &2 H
et il B3 5, BRI iR A 2 4l BRSP4 A
ARSI AE RHIRE 3. 4. 6. 8. 10 HARMAL & 1 (9% be S256 5k AIE 8] DCDREA A Rk, S2iedm B #i
BONTRAT BV BB R A A TR 4 B HE AL A T b, SR 4 B A [ 89 CPS-MOEA. CSEA DL %
FA A AR AY () 52 K-RVEA. MOEA/D-EGO. ParEGO.
3.1 Mk e
SEH6 3% H DTLZ1-DTLZ7M 038 i B4 g 32 o 0 48, i 751
32 EEiEHR
S 6 B R 1 3% A R B8 (IGD) P AT AR FR (V) U2 B B 6 .
() IGD 524 K F:
IGD(P",P) = erd('V &
Hrp, P EX PF WAREERAMNEFRERES, PREEEHERMARAEES, dv,P)E— N HirnE
veP 5| P PR i f 1A BB, A SCSEIRAE PR _E AT 10 000 A SAE NS ki IGD.
(2) HV &AW F:
HV =vo|ume(U v],

veP’
Hrh, PPREZETEARI Hr R EES, P2 P A RMANAES, volume 25 R RIS % MABIARL
HZHE m ik EN HY SRSBERREM, ALK SEDARENT: % fremax(f),....max(fp), fi,....fnePF,
DTLZ2. DTLZ4. DTLZ5. DTLZ7 Al 10 H#¥x DTLZ1. DTLZ3 [1%% &8 1.1fr, DTLZ6 15 % N 3fr, H
4 DLTZ1. DTLZ3 {1Z:3% i 120fr.

33 BHRE
(1) —EwE
o KA ELE d:10;
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o HFZTEHE M 3. 4. 6. 8. 10;

o HKEILVPAEIREL FEp: 300;

o WIHAKEE: LHS FBE 11d—1 4, BISRAE 109 N WIHAHE;

o RXNHF: BRI X, WEMEN 1.0, HAATEECN 20;

o TWRETF: ZWMARE, WEMEN 1/, HMIEECH 20;

o[BI ARAE BUE T BB PP AL KB Wiy 20x(11d-1);

o BITWEL BAFIEAEGA MR FMSLIET 20 1K,

o FREER/N: FEAFEMREE NS EH H) A e gl B LR 1. DCDREA IS %k
5k 1 AR E 3

RAFFIR 2022 4% 33 5% 104
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HAFTEEETR R, Bk, BAVE BRI 5 KT 0.05 X 20 KBTI 4T 45 BT 0. +
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RAFFIR 2022 4% 33 5% 104

0.04
.0K35
0.08

& 0025
0.2
0015

o.m

300 150 200
FES

K7 SANEIELE 10 HAx T s 26
*2 IS (GD) R br4h

Problem

DCDREA

CSEA

CPS-MOEA

DTLZ1

4.1940e+1 (1.04e+1)
3.0333e+1 (8.12e+0)
1.6227e+1 (4.69e+0)
3.4697e+0 (1.96e+0)
2.5069e—1 (2.42e—2)

6.0729¢+1 (1.47e+1)—
3.7365e+1 (1.05e+1)—
1.6271e+1 (4.03¢+0)~
5.3275e+0 (2.57e+0)—
3.0320e—1 (7.17e—2)—

5.6566¢+1 (1.54¢+1)—
5.3392e+1 (1.07e+1)—
4.5673e+1 (1.69¢+1)—
1.3159¢+1 (5.03¢+0)—
4.0143e—1 (1.19e—1)—

DTLZ2

8.9727e—2 (8.06e—3)
1.8211e-1 (1.34e-2)
3.7861e-1 (2.48e-2)
6.0093¢—1 (3.76e-2)
6.7392¢—1 (1.71e-2)

2.5091e-1 (3.37e-2)—
3.2459e—1 (2.44e—2)—
4.8831e-1 (3.02e-2)—
6.1842e—1 (3.20e—2)~
6.7737e—1 (1.99e—2)~

3.1416e—1 (5.60e—2)—
5.5280e—1 (5.46e—2)—
7.8147e—1 (6.59¢-2)—
6.9348e—1 (2.94e-2)—
6.4153e—1 (2.99e—2)+

DTLZ3

1.0947e+2 (2.92e+1)
9.1753e+1 (1.79e+1)
4.7585e+1 (1.69e+1)
1.0946e+1 (6.23e+0)
9.2328e-1 (1.45e-1)

1.6383¢+2 (4.95¢+1)—
1.1383e+2 (2.74e+1)—
5.4629¢+1 (1.82e+1)~
1.5586¢+1 (8.94e+0)—
1.0812e+0 (2.89e—1)—

1.4808¢+2 (5.58¢+1)—
1.4143e+2 (4.48¢+1)—
1.2185¢+2 (4.82e+1)—
5.1963¢+1 (1.71e+1)—
4.4706e+0 (3.99¢+0)—

DTLZ4

1.6774e—1 (3.23e—2)
2.4874e-1 (3.11e-2)
3.9464e-1 (4.32e-2)
4.7957e—1 (2.04e—2)
5.6650e—1 (1.33e-2)

3.3389e—1 (1.62e—1)—
3.3815e1 (5.98¢—2)—
4.8195e—1 (5.21e-2)—
5.926le—1 (3.27e~2)—
6.4122e—1 (2.99e—2)—

5.6645e—1 (1.11e—1)—
6.3953e~1 (5.54e—2)—
7.4981e-1 (4.35¢-2)—
6.7973e—1 (1.79e-2)—
6.6101e—1 (1.18e—2)—

DTLZ5

4.8970e—2 (1.44e—2)
9.2050e—2 (2.04e-2)
9.9738¢-2 (2.22e-2)
5.5616e-2 (1.13e-2)
1.6952¢-2 (1.80e-3)

1.2649¢—1 (3.22¢—2)—
1.2385¢—1 (2.10e-2)—
9.0433e-2 (1.89¢—2)~
5.0851e-2 (7.82e—3)~
1.3763e—2 (1.49e—3)+

1.5943¢e—1 (3.91e—2)—
2.7119e-1 (4.85¢-2)—
2.5365e—1 (6.94e—2)—
1.3833e—1 (3.25¢-2)—
4.1612e-2 (8.38¢-3)—

DTLZ6

0 AN B WS 0O WD R WD AR WS 0N R WIS 0o WS

(=}

1.6392e+0 (4.94e-1)
1.3786e+0 (4.57e-1)
7.4126e-1 (4.17e-1)
2.7087e-1 (2.10e-1)
6.0169¢—2 (1.63e—2)

5.8099¢+0 (3.73e—1)—
4.9426e+0 (3.81e~1)—
3.0858¢+0 (6.03e—1)—
1.2206e+0 (4.69e—1)—
1.7518e~1 (1.81e—1)—

3.1075e+0 (9.12e—1)—
3.2676e+0 (1.01e+0)—
2.6801e+0 (5.76e—1)—
1.0972¢+0 (5.62e—1)—
1.4343e—1 (5.36e-2)—

DTLZ7

o0 N B W

=
(=}

6.1693¢1 (3.65¢-1)
1.2777e+0 (3.80e—1)
1.8817e+0 (3.86e—1)
3.1865e+0 (5.03e—1)
2.0424¢+0 (3.26e—1)

1.6375e+0 (1.06e+0)—
4.4298e+0 (1.63e+0)—
9.1146e+0 (2.09¢+0)—
7.5509e+0 (2.02e+0)—
2.1378e+0 (4.46e—1)~

3.0153¢+0 (1.98¢+0)—
3.1305e+0 (1.95¢+0)—
3.4162e+0 (2.39¢+0)~
2.2579e+0 (9.18e—1)+
1.6052¢+0 (1.37e~1)+

+/—/~

1/27/7

3/31/1
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AT SN EASEB ey B A

* 2 JRIANEIREE B (IGD)FEAn 2t B (48)
Problem | m K-RVEA MOEA/D-EGO ParEGO
3 8.7794e+1 (2.33e+1)— | 8.4134e+1 (1.25¢+1)— | 9.8745e+1 (2.77e+1)—
4 | 7.7108e+1 (1.54e+1)— | 6.5017e+1 (1.17e+1)— | 7.5079e+1 (2.05e+1)—
DTLZ1 6 | 2.9461et1 (7.93¢+0)— | 3.1707e+1 (8.41e+0)— | 3.6348e+1 (1.20e+1)—
8 | 9.8363e+0 (3.46e+0)— | 1.1251e+1 (3.58¢+0)— | 8.5461e+0 (4.01e+0)—
10 | 2.8911e—1 (4.47¢-2)— | 4.0170e—1 (1.16e—1)— | 3.5485¢—1 (1.07e—1)—
3 1.1418e-1 (9.33e-3)— | 3.3007e—1 (2.71e-2)— | 2.8540e-1 (3.20e-2)—
4 | 2.4341e-1 (1.87e-2)— | 3.7937e—1 (2.53e-2)— | 3.4529e-1 (2.19e-2)—
DTLZ2 6 | 3.8881e—1(1.24e-2)~ | 4.6918e—1 (2.22e-2)— | 4.7584e—1 (2.92e-2)-
8 | 4.5671le-1 (1.12e-2)+ | 5.4193e—1 (2.83e-2)+ | 5.8745e—1 (2.49¢-2)~
10 | 5.1013e—1 (8.62e—3)+ | 5.2104e—1 (2.19¢-2)+ | 6.6209¢—1 (3.30e-2)~
3 | 2.3223e+2 (6.44e+1)— | 1.9804e+2 (3.57e+1)— | 2.7805e+2 (5.16e+1)—
4 1.9275e+2 (3.89e+1)— | 1.6163e+2 (1.97e+1)— | 2.3177e+2 (4.31e+1)—
DTLZ3 6 | 9.6472e+1 (2.65e+1)— | 9.3965e+1 (2.15e+1)— | 8.9375e+1 (3.38e+1)—
8 | 2.9345e+1 (1.26e+1)— | 3.7821e+1 (1.20e+1)— | 2.8573e+1 (1.28e+1)-
10 | 1.0633e+0 (1.68e—1)— | 1.2884e+0 (3.23e—1)— | 1.0202e+0 (8.84e-2)—
3 3.8752e—1 (9.90e-2)— | 6.2227e—1 (5.24¢-2)— | 4.6181e—1 (1.11e-1)—
4 | 4.7711e-1 (9.45¢-2)— | 6.7619e—1 (4.98¢-2)— | 6.1837e—-1 (7.31e-2)—
DTLZ4 6 5.3293e—-1 (6.60e-2)— | 6.8987e—1 (3.35e-2)— | 6.4966e—1 (5.69e-2)—
8 | 5.5506e—1 (4.75e-2)— | 6.4652e—1 (1.49¢-2)— | 7.0838e—1 (4.59¢-2)—
10 | 5.9644e—1 (3.34e-2)— | 6.4151e—1 (1.15e-2)— | 6.9226e—1 (2.36e-2)—
3 7.4675e-2 (1.35e-2)— | 2.5758e—1 (3.00e-2)— | 1.8449e-1 (2.70e-2)—
4 | 7.4204e-2 (1.43e=2)+ | 2.2970e-1 (2.20e-2)— | 1.7121e-1 (2.67e-2)—
DTLZ5 6 | 4.1696e-2 (9.84e-3)+ | 1.5111e-1(1.84e-2)— | 1.3482e—1 (1.79¢-2)—
8 | 3.3471e-2 (8.98e-3)+ | 7.9811le-2 (8.18¢-3)— | 7.0680e-2 (9.54e-3)-
10 | 1.3828e-2 (2.11e-3)+ | 2.1128e-2 (1.97e-3)— | 2.1497e-2 (2.67¢-3)—
3 1.7591e+0 (3.60e—1)~ | 2.0638e+0 (7.35e—1)— | 4.3254e+0 (3.79e—1)—
4 1.3823e+0 (2.51e-1)~ | 1.8642e+0 (4.93¢—1)— | 4.1099¢+0 (4.64e—1)—
DTLZ6 6 | 7.6180e—1(2.33e—1)~ | 1.1981e+0 (4.55e—1)— | 2.9873e+0 (3.31e—1)—
8 | 3.2327e-1 (8.4le-2)- | 5.3158e—1 (2.36e—1)- | 1.5660e+0 (3.19¢—1)—
10 | 5.7897e-2 (1.57e-2)~ | 1.9007e—1 (7.23e-2)— | 2.3082e—1 (1.20e-1)—
3 1.3785e-1 (1.32e-2)+ | 2.0830e—1 (4.87e-2)+ | 3.5891e-1 (5.22¢e-2)~
4 | 2.7038e-1 (7.64e-2)+ | 5.1056e—1 (5.46e-2)+ | 5.8401e—1 (8.09e-2)+
DTLZ7 6 | 5.9232e-1 (6.65e-2)+ | 8.990le-1 (6.69¢-2)+ | 9.4171e-1 (6.67e-2)+
8 | 8.8726e-1 (4.84e-2)+ | 1.0752e+0 (6.22e-2)+ | 1.2105e+0 (1.31e-1)+
10 | 1.1357e+0 (4.30e—2)+ | 1.2152e+0 (1.85e-2)+ | 1.2925e+0 (5.38e-2)+
+/—/~ 11/19/5 7/28/0 4/28/3
x 3 BEBREV)fERS
Problem | m DCDREA CSEA CPS-MOEA
3 3.8710e-1 (1.81e-1) | 1.2035e-1 (1.37e~1)— | 1.4018e-1 (1.46e-1)-
4 | 6.2617e-1 (1.82e-1) | 4.7747e-1 (1.98e~1)~ | 1.7636e-1 (1.14e-1)-
DTLZ1 6 | 8.9030e-1 (6.87e-2) | 8.8823e—1 (6.12e-2)~ | 3.5164e—1 (2.84e—1)—
8 | 9.8652e-1 (1.13e-2) | 9.8963e-1 (9.10e-3)~ | 9.5185e-1 (4.90e-2)-
10 | 6.3704e-1 (8.46e-2) | 5.6739e—1 (1.95e-1)~ | 2.8127e—1 (1.80e—1)—
3 5.2297e-1 (1.13e-2) | 2.4190e-1 (5.92e-2)— | 1.5342e-1 (4.96e-2)—
4 | 6.1708e-1(2.39e-2) | 3.1313e-1 (5.55e-2)— | 7.7482e-2 (3.91e-2)-
DTLZ2 6 | 6.2976e—1 (4.76e-2) | 4.4183e—1 (4.55¢-2)— | 5.5830e-2 (3.25¢-2)—
8 | 5.8139e—1 (4.07e-2) | 5.4614e-1(2.95¢-2)— | 2.1205e—1 (5.32e-2)—
10 | 6.5430e—1 (3.67¢-2) | 6.3873e—1 (2.54e-2)~ | 5.2675e—1 (2.84e-2)—
3 2.3488e-1 (2.21e-1) | 4.1531e-2 (9.11e-2)- | 1.1308e-1 (2.95¢-1)-
4 | 3.4835e-1(1.83e-1) | 1.4957e-1 (1.72e-1)- | 6.6512e-2 (1.04e-1)—
DTLZ3 6 | 8.1672e-1(8.87e=2) | 7.4672e-1 (1.44e-1)~ | 1.6143e—1 (1.42e-1)-
8 | 9.8479%e-1 (1.32e-2) | 9.7743e—1 (1.65¢-2)~ | 7.0308e—1 (2.00e—1)—
10 | 2.1726e-1 (8.53e-2) | 2.4786e—1 (1.64e-1)~ | 1.6453e-2 (3.17e-2)—
3 3.8446e-1 (6.21e-2) | 2.5919e-1 (6.78e-2)— | 5.8182e-2 (3.12e-2)-
4 | 5.2892e-1 (4.87e-2) | 3.8827e-1 (7.77e-2)— | 4.7312e-2 (4.21e-2)-
DTLZ4 6 | 7.0549e-1 (4.89e-2) | 5.7649¢-1 (4.93e-2)— | 6.9550e-2 (5.23e-2)—
8

—_
(=}

8.1665e—1 (2.85e—2)
8.8611e—1 (1.13e—2)

6.8987e—1 (4.64e—2)—
8.0089e—1 (3.58e—2)—

3.1900e—1 (5.67e-2)—
7.1893e—1 (3.60e—2)—
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#3 BAEBRHEV)IERS RE D

HAFFIR 2022 5 33 A% 104

Problem | m DCDREA CSEA CPS-MOEA
3 | 1.6108e-1(1.38e-2) | 9.0637e-2 (3.01e-2)— | 7.4370e-2 (2.29¢-2)—
4 | 1.1354e—1 (1.47e-2) | 7.0312e-2 (2.01e=2)— | 2.0278e-2 (1.20e—2)—
DTLZ5 6 | 8.3102e-2(1.50e-2) | 9.2042e-2 (1.43e-2)+ | 3.2575e-2 (2.19¢-2)—
8 | 9.3451e-2 (4.52¢-3) | 9.9619e—2 (2.48e-3)+ | 7.5687¢—2 (1.55e—2)—
10 | 9.7285¢-2 (1.19¢-3) | 9.9786e—2 (3.72e-4)+ | 9.8014e-2 (6.47c—4)+
3 | 1.7854e-1 (1.62e=1) | 0.0000e+0 (0.00e+0)— | 3.2579e-2 (9.18e—2)—
4 | 2.1406e-1 (1.39e1) | 0.0000e+0 (0.00e+0)— | 1.3671e—2 (3.08e—2)—
DTLZ6 6 | 4.5767e—1 (1.55e-1) | 7.3764e-3 (2.67e-2)— | 4.0017e-2 (9.79¢-2)—
8 | 6.1020e-1 (1.08e-1) | 3.1738e—1 (1.95e—1)— | 3.4743e—1 (1.78e-1)—
10 | 7.0666e—1 (9.84e-3) | 6.8139e—1 (5.62e-2)~ | 6.8452e—1 (2.55¢-2)—
3 1.9034e—1 (3.47¢-2) | 3.3204e-2 (3.85¢-2)— | 5.4078e-3 (1.74e-2)—
4 1.6420e—1 (2.46e-2) | 2.2172e-4 (5.90e—4)— | 4.6282¢—4 (1.01e-3)—
DTLZ7 6 1.5647e-1 (1.37e-2) | 0.0000e+0 (0.00e+0)— | 4.9351e-5 (2.16e—4)—
8 1.3745e—1 (1.16e-2) | 5.6533e¢-3 (1.94e-2)— | 3.2441e-4 (9.73e—4)—
10 | 1.3962e-1 (2.69e-2) | 3.2552e-2 (3.65e-2)— | 9.1211e—4 (1.59¢-3)—

+/—/~ 3/23/9 1/34/0
#3 BEBHVIERS R4 2)
Problem | m K-RVEA MOEA/D-EGO ParEGO
3 | 2.0949e-2 (4.21e-2)— | 9.0370e-3 (2.18e-2)— | 2.2044e-2 (8.74e-2)—
4 | 2.3815e-2 (3.33e=2)— | 5.5542e-2 (7.95e=2)— | 5.1560e—2 (9.14e-2)—
DTLZ1 6 | 6.0647e—1 (1.08e—1)— | 6.1504e—1 (1.23e—1)— | 3.9553e—1 (1.58e—1)—
8 | 9.5801e-1 (2.19e-2)— | 9.6629¢e—1 (2.91e-2)— | 9.3981e-1 (3.22¢-2)—
10 | 5.6661le—1 (1.43e—1)~ | 2.6987e—1 (1.76e—1)— | 3.7093e—1 (1.90e—1)—
3 | 4.8070e-1 (1.74e-2)— | 1.5295e-1 (3.88e-2)— | 1.6993e—1 (4.70e-2)—
4 | 5.7239e—1 (3.86e-2)— | 2.1608e—1 (4.60e-2)— | 2.6122e—1 (4.17e-2)—
DTLZ2 6 7.3046e—1 (2.34e-2)+ | 3.6329e-1 (4.98¢-2)— | 3.8260e—1 (4.08e-2)—
8 | 8.2842e-1 (2.58e-2)+ | 5.6131e—1 (3.62e-2)~ | 5.4222e-1 (3.51e-2)-
10 | 8.9448e—1 (1.14e—2)+ | 8.1666e—1 (2.18e—2)+ | 6.6286e—1 (2.94e—2)~
3 | 9.9678e-3 (4.46e-2)— | 0.0000e+0 (0.00e+0)— | 0.0000e+0 (0.00e+0)—
4 | 7.6846e-3 (3.44e-2)— | 4.2296e-3 (1.89¢-2)— | 0.0000e+0 (0.00e+0)—
DTLZ3 6 2.3205e—1 (1.42e—1)— | 2.8923e—1 (1.62e—1)— | 2.8853e—1 (1.94e—-1)—
8 | 9.3182e-1 (4.24e-2)— | 9.1209e—1 (4.60e-2)— | 8.4333e—1 (8.25e-2)—
10 | 1.3818e—1 (9.58e-2)— | 6.4332e-2 (6.66e-2)— | 1.4099e—1 (6.24e—2)—
3 | 1.0118e—1 (1.03e—1)— | 1.4506e—2 (1.98e—2)— | 1.3416e1 (7.35¢-2)—
4 1.3822e—1 (9.84e-2)— | 2.8731e-2 (2.39e-2)— | 1.3448e—1 (5.41e-2)—
DTLZ4 6 3.8572e—1 (1.28e—1)— | 1.0969¢—-1 (4.48¢-2)— | 3.2167e—1 (6.90e-2)—
8 | 5.9983e—1 (1.34e—1)— | 3.5826e—1 (6.46e—2)— | 4.2339¢—1 (7.34e—2)—
10 | 8.2775e—1 (4.93e-2)— | 7.5020e—1 (2.29e-2)— | 6.7813e—1 (4.06e—2)—
3 | 1.4157e—1 (1.05e-2)— | 2.8418e—2 (2.71e-2)— | 5.6991e-2 (2.21e~2)—
4 | 1.2538e-1 (8.77e=3)+ | 2.9408e-2 (2.35¢e-2)— | 3.0916e-2 (1.95¢-2)—
DTLZ5 6 | 1.0397e-1(3.34e-3)+ | 5.7465e-2 (2.03e-2)— | 5.2187e-2 (2.01e-2)—
8 | 9.9846e—2 (1.41e—3)+ | 7.9708e-2 (8.51e—3)— | 7.5478¢-2 (1.46e—2)—
10 | 9.9639¢-2 (4.61e—4)+ | 9.6606e-2 (9.97e—4)— | 9.6110e-2 (9.25¢—4)—
3 1.2750e-1 (1.32e-1)~ | 1.3563e—1 (1.96e—1)~ | 0.0000e+0 (0.00e+0)—
4 | 2.1212e-1 (1.23e=1)~ | 1.0450e—1 (1.44e—1)= | 0.0000e+0 (0.00e+0)—
DTLZ6 6 | 4.6690e-1 (1.13e-1)= | 2.8227e-1(2.32e~1)- | 3.6003e-3 (1.56e-2)—
8 | 6.0807e—1(6.83e~2)~ | 5.6810e—1 (1.63e—1)~ | 1.7467e—1 (9.38e-2)—
10 | 7.1615e—1 (5.97e—3)+ | 7.0005e—1 (6.85¢-3)— | 6.9554e—1 (3.57e—2)~
3 | 2.6052e-1(3.81e-3)+ | 2.1355e-1(1.73e-2)~ | 1.4082e-1 (2.61e-2)—
4 | 2.3877e-1 (7.00e=3)+ | 1.0728e—1 (4.78¢-2)— | 8.1969¢—2 (3.48¢-2)—
DTLZ7 6 | 2.0845e-1(3.31e-3)+ | 1.2158e-2 (1.70e-2)— | 2.0588e-2 (2.07e-2)—
8 | 1.8387e-1 (5.26e-3)+ | 8.3091e-3 (1.45¢-2)— | 5.6940e-3 (9.34e-3)-
10 | 1.6830e—1(3.18e—3)+ | 1.5842e-2 (1.60e—2)— | 2.4331e—2 (2.12e-2)—
+/—/~ 13/17/5 1/30/4 0/33/2

(1) WSt 2wk

M 2. F 3 AT40, CSEA. CPS-MOEA. K-RVEA. MOEA/D-EGO 1 ParEGO 7 4 Kk 2 H il 1 v i

© PEBEEG T

http:// Www. jos. org. cn



A F AT S S AR E R 3713

RIAA W DCDREA. H1, 1UF K-RVEA MRIBARM, H 11 A IGD 45 13 A~ HV SREMRT
DCDREA, {HAH 19 A IGD &5 1A 17 A~ HV 45 R E Z T DCDREA. &R E, DCDREA [ I A2 & I 1

WG 2. & 3 Mshith 2k, DCDREA 76 HAREUE/D 1B B0 N RILELF. B A H brBnasgm, 480 m A
AR (18 400 S R P2 1, 3k gt R ot 7 A B AR TR TR0 ) AL 18 R, AT S BRI 7

AHECAE H B8 1) 5292, DCDREA 7E K 2 #Un i R I SE 47, fUAE DTLZ5-DTLZ7 [ bR A E
DTLZ5 fil DTLZ6 [¥) PF 2 B4k (18 F 1, PF M, XEEH/D TH NS R NECE, NEE S5
/NH R AR B RIS, X T DCDREA, /M R AR & 4 e AR B B I I R RE A b R IEAE A, 35/ (1 TR B
RGO AR, WA R T R 2 NMEIEAR. 7158, 2 SRR IR (6 e AR AT i) T~ IE R AR B 3, T IF
FEARE D HISPEBT, AN G R4 i Sog b, B S8 RAFAE. DTLZ7 B PS i 2 AN Wi i X 320
R, Sy BB AR S AU b 2 2] 2 X3 PS, JLHR B4 XK. CPS-MOEA Fil CSEA IR B 4E 5 36 H] 77X —
M. ESR DCDREA fE£ X3k PS Sk F4E PF [0 8 FRBUAAE, (BB AU S il 2672 FATHI, IXE W,
FAEAR AL 7 T AT A2 A 2.

FH AT 73 A B 1Y) 595, DCDREA TE48K 22 400 (5 B WK IUFE 4. X8, 51 NI BRAE S R # AR
FIRE A 0F S AR AT — 2 B B

KR, DCDREA TR SICPE N 22 B 14 07 T R B U

(2) E1THS(A]

Bl 8 & HILIEAF B PR T - E AT ], AR, & Rk S AT B AR IR 1R — H bR B
DTLZ1-DTLZ7 [al# i@ 47 i) (8] (1)~F39 8. EEIHR LI R A ). DCDREA W4T I 18] 22 KR T3 A 1]
RIS E, BETE 10 BARES, Btk MOEA/D-EGO ZE 4 50 fi5 LA L. i DCDREA fi& 17 i (8] 5 4 F 4 2%
MR (R SR A B 22 /. BSR4, DCDREA 7838 4T I 18] J7 T R IS5 N

:, 400 : : B CRSACA
= N el

ED 300 = . o  SUSEA

£ .: : . : “ CPS-MOFA
g : HK-RVEA

ﬁiém |

| el

4

= MOEA/D-EGO
Il ParEGO

-
100 E::gl
0 o= =
1

oo

The number of objectives

Bl 8 HEIETEARR HARE T 1351817 i [f)

(3) DCDREA 43 #

HH UL T W, DCDREA T LA 2 i vk F 1088 22 H bR i) /R, 32 B0 A LR L

o ESE, WERASFEBUFI AR EEM AL T TR E IAEAR, XS T & U I AR U, — MR SRR B A
AR, Bk, Hg 4R [l AR A A e AN A ) B I R U AR 1. T 2 SRR R ST R AR T
Ty e bRitE, RUARYE IE UREAS 2340 Sk 4y 2B . X T DCDREA, I ZRAEAS o (¥ IEAE AR A5 Ik AR R
LR PR, ot NS PR, X R AL 22 B K. AHEG R AR, 4y A B
75 5y 1 WA 3 G I A, T B 1 BN R A A RV 1 SR A

o HR, DCDREA TEEREHE F gl N7 R el AR, AT — 20 A A5 B 10 £ 34 A v gk HE JOEAT 52
VEAG HIAR. BT 42 )R 2 AR TY 7 AR (10 0% 34 A 3 AT E S50 (R RE A IR JR 38 25 101, 17 72 J) 38 2 1] 7 2 1 [l
VEVRSE 2R 0] Ak 32 Al i Ui A A BB B IR 2. S5 4k, JR s Iml AR A Ve B e & H Ar ek B, T =2 40 & i
SIS S, W T B MPHE LR, X2 A FEE H Kriging {2 DCDREA i 1738 FE 5
PR R
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4 B2

ASCHEH T —ANHE T 2 R o 28RN PE B8 [R5 P B SRR SR g o B B 2 B ARt @ —JFaR, Bkt
SN GRREAR AT 4028, FRINGRA R o AR A, 3L 2 5] BURE A TR AL S 10 4 2R bR e, (EMRE A B 7, Bk
P42 )R o R R R R R AT 40 28, DMR A A B IMEE MR, ERBE 7, Bk A K-means J5 kb
EARTRES, R AR, B A R el AR B s — AN AT SR VR AR 59 4%, DCDREA 1)
[l YA 28 L 0 S A BT PO AR, KRR 1 R ABEINT [R). SB35 43 i FH KRS 3., 4. 6. 8+ 10 H %% DTLZ
AR 1 5, 5 HRTIRAT B9 CSEA. CPS-MOEA. K-RVEA. MOEA/D-EGO 1 ParEGO SLiE#EAT X L szis. 45 3
# U], DCDREA TE K ZHIE 0 T RIUB L. Rtk A SCHR I 77 2 A ROATAT 1.

W& H AR AR IR, B2y K, METF MBI EEEHARXBENSHE B L ATEW, BT
P, ST 45 P A BRI 225 1) B R 38 S AR 3R H AR 28 IR — TPk K. b b, 7E HAREURT 3 UG, X THRIES R
HI AT AR AL LA T T 2 X35 PS FORE 4 PR B 1) R, A5 43 A B 10 B0 e e adh DR 38 4 7t 2 EE T g ).
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