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Abstract ; Constrained multi—objective optimization problems ( CMOPS) are common in engineering applications and real life, which
often involve multiple conflicting objectives as well as a number of constraints. Compared with unconstrained many — objective
optimization problems, CMOPs contain some complicated features and are much more difficult to solve. Therefore, we propose a
constraint—handling mechanism based on a combined sorting,and combines it with a newly proposed optimization algorithm framework
based on constrained decomposition to solve CMOPs. A constrained decomposition MOEA with grid (CDG-MOEA) is newly proposed
to perform great in terms of diversity and robustness. Based on this framework , we propose the constraint—handling mechanism based on
combined sorting, which aims to select solutions that are feasible and have better diversity. To verify the effectiveness of the algorithm,
the proposed constrained multi—objective optimization algorithm ( CDG-CS) will compare with other algorithms on some constrained op-
timization problems. The experiment demonstrates that CDG-CS can solve CMOPs very well.

Key words: constrained optimization ; multi—objective optimization ; constrained decomposition with grids ; constraint handling

Vol.29 No. 11

0 51 &

PSR AR £ R Ak T S 2 2 R £ bR AT 1L
1] 5 ( CMOPs ) , 33 46 ] B0 71 4 5 24 wh % 11 1 4 LA
Fe—HAH A, L ARt fela g E—4H
B M T R S B — AN E HALAS B AR
B 1 IR ARG , SR 20 0 T 1 SR i B3O 15 2 R 1 - A7
M| A SR, B SR T AT A SR TR
F) PR A, S 20 0 ) S e B | 22 RE M 5 T AT Y

Wi A .2018-11-10 &= B #7:2019-03-13
E£WmA . P EATZFHE A4S (20175552042)

i, 2R Z A bREALS " (CMOEA) 76 3R i 1tk
I B TEH B — A1 R R SRR BRI AR AR
SCH R I — M2 R 2 F bR AR5 (CDG -
CS) o B kR I T A% 19 29 3K 73 fiff (CDG) HE
BB TR PRI B, BT T — LA T I AR
A BRSEME  IZ K W5 AR i R ZAR 25 5 ol AOR Sy
CDG A U i ZHETE BN RRIR PR AR A & bk
AL AL, SCRERS SRt Hh — AT S AR AR AT A TR AR

[ 2& H kg B 18] :2019-06-26

EEE A BIRT (1993-) 5 BlL:, CCF 2 51 (88897G) W J7 1l B REHH A 5L &R~~~
[ & tH AR bk ; hitp : //kns. cnki. net/kems/detail/61. 1450. TP. 20190626. 0829. 020. html



5511 FIRT A JETHAHF AR Z AR5 .33
1 # A B MELUE VST R B S G B0, o0 AR S 2 ik

1.1 AR ERRALBRBEHE X

— MR Z BAREALIRE(CMOP) & LT .

minimize F(x) = (f, (%), f,(x))"

subject to g(x) <0,i=1,2,---,p

h(x)=0,7=1,2,-,q

x € {2

Hrp, QEORZE ], x e QRRFALE, F.0—
R" JEH m ASXAH B AR B B BFRZS ], E4k, p
SEANFERAR IR, ¢ REXYRMEE, WHFH N
BT XA AR A FE LA R IE A T .

[h(x) [-&<0,j=12,-4q

Hrb, e B— M RFIEAZMHE,

FET UL BRI, A 5d Al o (x) AT LARHE 2 3
FAFE ANE

e(x)= Z max(0,g,(x)) + Z max (0, [ h(x) [-€)
12 SERERLFH—EEY

FESCL(ATATIR) < M x AT AT 25 HALY ¢ (x)
<O, FHWIfE x HAATETHE

E X 2(Pareto IE) X FfRu,o € R" , u B v
(u<o)BHMCUXTHAMN e (1,2,,m| #AH
w <v HEMHEE—Dje (1,2,ml Au <,

E X 3(Pareto Tfl) it x* e £ S Pareto T AL fit
MHAY F(x") A BARETIRAE SR, F(x")
WHEFR A Pareto il H bR &

& X 4 (ideal point BEAE &) FRAR S 27 AT SRR N
M z" = {2,z ez | Hp 3 = Iflelgf’(x) J €
{1,2,-,mf

5E X5 (nadir point HRAE) AR A 2™ T ERIR A
At 2 = (e ) e =maxfi(x) ,j €
{1’2’...’m§ o
1.3 ARMUMES

X TR A B H AR AR IR AR R A IR 2
Ly FAE AR (CHTs ) o (HJR % T4 B2 H AR AL
AR Ta) R 20 AL B ARAR D AR — 4 O T2 oAb 1
HAR A A S L 04 29 b L AR TT LA X LRl
TENTRBOE R L B HAR SR SE 7E5E
FHCEERR 0T b AR R BRI
Hrpd it BADTI AR,

D(x) =f(x) +g(x)

Horhr, @ (x) RHF 0 AR ¢(x) AT R
41

3 3 B B A AR R B, AN T AT AR
PMETEIT A Z G448 25 . SR, 7R 5 2 2k AR A [6] By

W R H W, B 9 F A Sy — A8 s 5 il
Z Bt R i e 4 A Ak )

UEAER , AR 2 B bR 2 3 TR Z /6
FE. Hrh 29w s (CDP) J& — MR I £
HFR AL T2 A 2 R B R, 24 3 S L I
VO gt o, BT o, 24 ELACSAERL T S0 2 B A
JEAT s (1) i x, RO o, O PTAT Y ELAE », S w5
(2) it x, 59 x, #RA AT AR x, LOAf x, P01
/N LR B A 5 (3) % «, S FTAT T A« S AN T
T, BEALECHEF =" (SR) BIA T — MR A 1
Pro SAMASRARAS AT AT I, SR 3 PR 3 P R 4 1 A
PRJE AR F AR (E I 2 2B AR A, M p, =1
B Bt AL B0CHE )3 vk a2 SF M T 29 R S vk . Jan A
Khanum K3 PR 2 5 AL B R 5 MOEA/D #4415
— R T RIR R £ B ARk L5 (MOEA/D-
CDP,MOEA/D-SR) , FRILZ AN, 1E e -2 AbH )y
Wt B HGE REN TS S R e
MfERAE AT AT, e MM i — DR M EZ /N
0, FILHL, 3 AN J7 ¥k Al LA FH 2 2 B br i 58 &
M. Asafuddoula 1 T. RaM"™ 2 T —FM AR L H
FriEAL B (C-MOEA/D) , %3411 MOEA/D HE#
T T —A B R LG R
1.4 ZHEHERHLEZE

Z HARsE AL T AR IR EA TRk i X AR
FRRRZE, H 0B A 3 T S RC Ry, 2 T e Ar it
AR T4 0 £ B bs b 0585 . MOEA/D J&—
AR E TR 2 Bis LR O — 2 B
DAk )2 fife oA — 2 B0 H AR AR A Tl B A M 1 O =X
KARATEAT

N T A AR R AR R T — AN T
W 4% (49 24 o 43 i (CDG ) FEZR ) 7E CDG w1, — /4~ H
b s AR B A 2 BACY oAb Y H Arid i 152
B ERAT RO AR, i RS RIE R T
— AN RS, T LA S 420 P O R R S A 1) o R
ZHEE, BEAN,CDG X F A BEANTR] PR ARt LA
b, B NAEAR R N B PRs BUE R RI R B R H AR L
SCEGES L B8 CDG 7E% #I PFs [AlFE R B R 41,

2 B &
2.1 ETMEBHARDHE

(1) Mk RGERY IR

ST — 5] 4 AR B AR 1) 5 i 7 TR R
[i],CDG-MOEA H i i () 24 9 43 il 5 i 5 F— 4 ™)
MRS, W, B H bR e BAR SRR (R 5 =22 18] i il
53R K (K &= NSHO A0, SR A~ ] b ) vE



34 HRHLE AR S LR

29 %

JE R AZER A -

d=(z" -z +2x0)/K

P, i« 7E55 ) > H AR B AR AR g(x) 315
.

g(x) =1 (fi(x) =z +0)/d]

ot T2 R0 B REL () 5 A H
AL, o RN IERC SR ¢, KT 0 FNF
HFTK,

FESL6 (MR X T w,v € R™ ,u,v Z[E]H
WA A GD (w,v) AT RAE W

GD(u,v) =/:¥¥12§l§‘m( ‘gj(u) -g(v) 1)

LT (RS AR M« TR B T 2 74
H T 40 T L e S

GN(x,T)={x" | GD(w,x") < T,x,x"

(2) A KA 5E L,

LYo Al DL T F3R AR R g i AT e 4, Horp
50 B ERE k AT IREUE R

minimize f,(x)

e R"}

subject to g,(x) =k;,j=1,2,--,mj# 1

ke 11,2, K|

x € {2

Forp K 20 E AR B H S8,

TS Bbnml i Eg 5 130 73 oy K AN BB X
IR Y 22 B ARG AL IR B #3073 mox K" A4S )
A, R FESS LA HAR B3 B A e A i — A
fip e S,(k) I LAE LINF

S(k)=Hxl g(x) =k, g, (x)=k_,

gra(x) =k, .8,(x) =k, |

subject to L e {1,2,-- m} ke {1,2,- K}"'
2.2 CDG-CS FEER

ZFL F AT CDG-MOEA Sk HER,
TEfifp 3 [B) A J8— 2H ) A gk 4R, M 40 53X S8 ) B gt ) e
LM 2250, A% RGERIR LIk an 2.1 19, R,
SR IR ARy LS A 1) 40 s e LA K 22 93 it 4k
BT AR AR B /INR) B R A R B AR R R
T2 AR AR K B AR A AN, TR BRAE A
(ideal point) FI4%1H A ( nadir point ) - #R 3 it > 5 87 ™)
WAL, &, MR THEHT AR % 8
TARBIEE, M R 2k S i AR AR I R
AIATRIRE . SR EHELR ORI T .

A RS,

FA SRR LR TR /N N 30 4 RS TR] R K

BK
By — AT AT R4
/= WAL =/

(1) WA AR BRI 2090 46 M4 R 5T

/xR« /

(2) FIFH B4 48 5 K 2443 13-4k ( differential evolution ) 2F i, T
Aiiiyics

/ x BRI R GE *+ /

(3) HR A A B 1 i B AR SRR BT, AR5 AR 1T
KT s RS

/xR = /

(4) il T AR 0 77 s e 6 T A7 i

(5)if W R AR5 458 1 IR 4 e R A AT R 4R, 45 DU 2 )
LB 2
2.3 ETHEGHIFRIERE

TE CDG-MOEA 1 4§ T — M EETF LR ik
fif 7 R R AL I A . FErb A 55 T it i) HE I
T BHE P I P ER 43 3k P AR 5 AR e B i
I R T R TR A TR RN AT AT A e AT
HEy i AR

TE2.1 AT A g iy F e, H 4
AF I S, (k) FREE — AR, R,
Wi A AT R R I 5 AT AT A DA RO AT AT i TERR S
LA HET ) A 0 R AT RO E B (e
IS LHET . X TR 8 AT AT AR, EAT
HOAR IS 2 o S AR B R HE R, O BT HE P 7E T A
AT Z 05 o TEXHREAS Il B i HE 58 7 Js ]
FMHE PR AT N AR LR

e ® feasible solution m infeasible solution
feasible region
f.a,p
Zmn}
& BSOS,
........... B (1, e
C e :
a.cn ™ SR, D
: e
E " : 1.(1,2)
b, ™ T
........... @R
: : ® 5,
: : s
: : d.2,3):
: : - N
z — €., 4 7

W1 TATRE R TAT R LB e — A
2y RARAC TR AL o 0 e

WE 1 PR, B XU AT AT X, 8] SRR
AIATR , IE T SR AN AT AT, S AN A AT 1 29 R
HERKR/NK ev(d)<ev(e)<ev(a)<ev(b)<cv
(e)o LI D , e, i FTAEMF A, @ Ry ol 17 %,
FIELAEE £, 5 1) b BHER R 1 i TR ATA5f# b, ¢, H
Foev(e)<ev( b)), FrUARBITi# ¢ 78 f, J7 Al 1 A9 HE
JPoR 2, 0% b HET R 3, BRI T4 A HE T 1Y
SERARER T, R BR TR R, EEAT



11

PIRT A TG HP AR Z A bRk

- 35

)RR b A HE PP 45 S, B 7 S HE e R LU £ RV

A TR — UGE AR SRR RE

A1 ATasiramads

R(x) R(x) T
a.(3,2) a.(2,3) F.(1,HV
b.(3,2) b.(2,3) z. (1,HV
c.(2,2) c.(2,2) i1,V
d.(2,3) d.(2,3) h.(1,2)V
e.(3,4) e.(3,4) i (1,2)V
fo(1,1) fo(1n) c.(2,2)x
g.(1,1) g.(1,1) a.(2,3)x
h.(2,1) h.(1,2) b.(2,3)x
i.(1,2) i.(1,2) d.(2,3)x
j.o(1,1) j.o(1,1) e.(3,4)x

3 XBREHH

h T RAEEE R A R BB T AR 2 H AR
fRIRIE ( CF) #E 4T T X% EL oM, X EL B335 NSGA
I - CDP'"'  MOAE/D - CDP"’ DL X Pk fE It % i 1Y
CMOEA/D"" 8k |
3.1 EIEKE

CF 3R () A4 ' J& i Zhang Qingfu $2 1 T
CEC2009 £ HAr L 3e F6 b, Hrp CF1 (1 Pareto
HIHT 2 —2HN % 2 1 s AR 2H i, CF3, CF5 LA & CF7
7] A — 5 PR, i T X 2 ) Y Pareto BTV
ARAMEZST AL, TATTAY H AR R B 2 R R B LA S A
3.2 EEIiER

S U 17 % AC B B (IGD) 10 %A bR
JEAE FLSE PF i 5080 BT R WA LG 3 R0 A v 9 £ 1Y
/N B M, 3 PT S ELSE PF SRAE ST 4
BB, P IR A5 19 i BLHC 3T U 45, IGD A F
FE X

1

IGD(P,P") = \?2 dist(v,P)
veP’

Hrpdist(v,P) E— Mo e P* F| P PRk
)RR ICHEES ; | po | A P WESL. 1GD mfH
/N ] P REGE T L i (LB PF,

3.3 XRSHIEE

FREER /N N 3R 2005 %43 A% B S50 K &
120 ; 5L B2 A5 X A B30 T A DA T A o 4
PRGBS E R 300 000 ; X T B A7 A 3 v a4 | 44
BT IEAT 30 WK, B A AR BOFHIME
3.4 EHRERSHH

S LT CS-CDG 5 NSGA I -CDP, MOEA/
D-CDP #l CMOEA/D 7£ CF [} I {45 5, e & 1
IGD {H X L% 2 Fiis . CS—CDG TERTA [a) 5 4B 1
NSGA Il -CDP, MOEA/D-CDP H(f5 1 5 i i) 8% S,
TE 58RI 1) CMOEA/D 519 Hed b, Bk T CFl
[ RS, Hoft (R RS2 451 CS—CDG #FHUS T B 41
g5, WTLUR R T A6 HET B 20 b 31y 1k 5
T AR R AE QR I 25 6, BE % A &5 b Ab 3 24 T
Z HApriAfbln

%2 CS-CDG L5 w# %4 CF P4 L IGD 4 rkig

[ia) FE S A6 NSGA Il -CDP MOEA/D-CDP CMOEAD CS-CDG
CF1 8.430E-03(1.165E-03) 1.019E-03(4.287E-04) 5.662E-04(2.242E-04) 4.491E-03(4.820E-04)
CF2 2.167E-02(1.818E-02) 8.326E-03(1.940E-02) 3.658E-03(3.560E-03) 1.785E-03(1.833E-04)
CF3 2.316E-01(3.640E-02) 2.423E-01(8.715E-02) 2.409E-01(1.509E-01) 1.530E-01(4.840E-02)
CF4 6.799E-02(1.497E-02) 5.867E-02(5.006E-02) 7.625E-03(2.653E-03) 5.336E-03(7.273E-04)
CF5 2.232E-01(7.041E-02) 4.513E-01(1.756E-01) 2.135E-01(9.029E-02) 1.372E-01(1.097E-01)
CF5 1. 188E-01(4.763E-02) 6.034E-02(3. 109E-02) 5.525E-02(1.947E-02) 2.261E-02(1.961E-02)
CF7 2.797E-01(1.249E-01) 3.265E-01(1.616E-01) 1.717E-01(1. 146E-01) 1.364E-01(7.711E-02)




- 36 -

HRHLE AR S LR

29 %

4 LEFRIE

SO T — R AR 2 BARMEL T R
FEF PIAE B A I AT AR TR et - (R T — A&
HERF (0 2 ok fb 30 795 | AT DLAEARSIE R e 2 R (0 ] )
PERE I FPRE TP A R AT AT AR . TR T AR I 2 T 4y
filt BLA U B SRR S T2 HE I B9 2 oAb B 7 1
WRETE—E R e Rl St , ZREE S Al A —
ANA , 3B AE CF 2 a3t ] B AE | (% 52 56 295 S mf
LB ] ,CS-CDG R £ Hbrtfbn) @ - AT R

GrRIRCR
SE 3k
(1] AR, 2R, ek, 25 gk 2 B fb ik o5t

(2]

[5]

[6]

(8]

[9]

[J]. #2447 ,2009,20(2) :271-289.

OO A AFN,E AR [ T]. Bt
241 ,2009,20(1) :11-29.

CAI Xinye,MEI Zhiwei,FAN Zhun,et al. A constrained de-
composition approach with grids for evolutionary multiobjec-
tive optimization [ J ]. IEEE Transactions on Evolutionary
Computation 2018 ,22(4) :564-577.

GONG Wenyin, CAI Zhihua, LIANG Dingwen. Adaptive
ranking mutation operator based differential evolution for
constrained optimization[ J]. IEEE Transactions on Cybernet-
ics,2015,45(4) :716-727.

HAMZA N M,ESSAM D L,SARKER R A. Constraint con-
sensus mutation—based differential evolution for constrained
optimization[ J]. IEEE Transactions on Evolutionary Compu-
tation,2015,20(3) :447-459.

MAESANI A,IACCA G,FLOREANO D. Memetic viability
evolution for constrained optimization[ J]. IEEE Transactions
on Evolutionary Computation,2016,20(1) :125-144.

ZENG Sanyou, JIAO Ruwang, LI Changhe,et al. A general
framework of dynamic constrained multiobjective evolution-
ary algorithms for constrained optimization[ J]. IEEE Trans-
actions on Cybernetics,2017,47(9) :2678-2688.
MEZURA-MONTES E,COELLO C A C. Constraint—han-
dling in nature—inspired numerical optimization : past, present
and future[ J]. Swarm & Evolutionary Computation,2011, 1
(4):173-194.

JAN M A ,KHANUM R A. A study of two penalty—parame-

[10]

[14]

[15]

[17]

[18]

[19]

[20]

terless constraint handling techniques in the framework of
MOEA/D[J]. Applied Soft Computing,2013,13 (1) :128-
148.

WOLDESENBET Y G, YEN G G, TESSEMA B G. Con-
straint handling in multiobjective evolutionary optimization
[J].IEEE Transactions on Evolutionary Computation,2009 ,
13(3) .514-525.

WAL HR/NE =L T 290 2 B ARG AR ) A SR
TR0y AL 1] T3 L4, 2008 ,31(2) :228-235.
DEB K,PRATAP A, AGARWAL S, et al. A fast and elitist
multiobjective genetic algorithm ;NSGA-II[ J ]. IEEE Trans-
actions on Evolutionary Computation,2002,6(2) :182-197.
RUNARSSON T P, YAO X. Stochastic ranking for constrain-
ed evolutionary optimization[ J]. IEEE Transactions on Evo-
lutionary Computation,2000,4(3) :284-294.

TAKAHAMA T,SAKAI S. Constrained optimization by the
& constrained differential evolution with an archive and gradi-
ent— based mutation [ C ]//IEEE congress on evolutionary
computation. Barcelona, Spain ;. IEEE,2010:1-9.

ZITZLER E,KUNZLI S. Indicator—based selection in mul-
tiobjective search [ C ]//International conference on parallel
problem solving from nature. [ s. 1. ]:[s. n. ],2004.832 -
842.

ZHANG Qingfu, LI Hui. MOEA/D:a multiobjective evolu-
tionary algorithm based on decomposition[ J ]. IEEE Transac-
tions on Evolutionary Computation,2007,11(6) :712-731.
ASAFUDDOULA M, RAY T,SARKER R, et al. An adap-
tive constraint handling approach embedded MOEA/D
[ C]//IEEE congress on evolutionary computation. Bris-
bane,QLD, Australia:IEEE ,2012:1-8.

ZHANG Q. Multiobjective optimization test instances for the
CEC 2009 special session and competition[ R]. [s. 1. ]:[s.
n. ],2008.

ZHOU Aimin,ZHANG Qingfu,JIN Yaochu,et al. A model—
based evolutionary algorithm for bi— objective optimization
[ C]//IEEE congress on evolutionary computation. Edin-
burgh, Scotland , UK ;. IEEE , 2005 : 2568 -2575.

ZHANG Qingfu,ZHOU Aimin,JIN Yaochu. RM-MEDA;a
regularity model-based multiobjective estimation of distribu-
tion algorithm[ J]. IEEE Transactions on Evolutionary Com-

putation, 2008 ,12(1) :41-63.



