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A Novel Constrained Optimization Evolutionary Algorithm Based on
Orthogonal Experimental Design

CAI Zi-Xing JIANG Zhong-Yang WANG Yong LUO Yi-Dan

(School of Information Science and Engineering , Central South University . Changsha 410083)

Abstract A novel constrained optimization evolutionary algorithm based on orthogonal experi-
mental design, referred as COEA/OED, is proposed in this paper for constrained optimization
problems. The primary features of the algorithm proposed are as follows. As for search mecha-
nism, COEA/OED utilizes orthogonal experimental design method to arrange the crossover oper-
ation of several parents and, as a result, a new multi-patent orthogonal crossover operator is pro-
posed, which can effectively make use of the information carried by the parents and generate rep-
resentative offspring. In addition, the simplex crossover is used to enrich the exploratory and ex-
ploitative abilities of the algorithm proposed. As for constraint-handing technique, a novel indi-
vidual comparison criterion is introduced. COEA/OED is tested on 13 well-known benchmark

functions, and the empirical evidence demonstrates that COEA/OED is generic and effective.
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1. select the smallest J fulfilling (Q/ —1)/(Q—1)>F;
2. if (Q7—1)/(Q—1)=F, then
F'=F else F/'=(Q/—1)/(Q—1);
3. construct the basic columns as follows:
for k=1 to J do
=1 _
j:QQfl 1+1;
for i=1 to Q’ do
i1
Q!

mod Q;

ai.;=

end for
end for
4. construct the non-basic columns as follows:
for k=2 to J do
. Q-1
i=7a=1
for s=1 to j—1 do
fort=1to Q—1 do
aj+G-1g—1 +¢=(a; Xt +a;)mod Q;
end for

+1s

end for
5. increment a;.; by one for all 1<{i<{M and 1<{j<<F;
6. delete the last F'—F columns of Ly (QF) to get
Ly (QF) where M=Q/;
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W a; B Ry HE A B HE 19 90 B O AR B AR 51 SCHR6
G TR IE AR Ly (Q) MU L 1 S B S
AHI G IR )G ) AR FE A B 51, PR ANl A DL R 2. 1
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(2) Runarsson Fll Yaot' T K, i & 18 00 F F
FIAT S5 AN AT AT AR 1 B BB 2 o Ak B R 118 S B (1)
Rz —. SCHERL 18 it i 2 24 o 78 B fe /N 1 A W] AT A
PL— 78 M AE 32 4K 22 A7 LA I R 385 TR AR 14 Z2 R 1k
S 25 R SR WL IX b 22 R PR AIL R i B A PR RE
AR F S IR T i B2 AR A B N A
AIAT A Y AR AR AN AR DU e BEAR Y 2 AR L T
HR AT LGS A rb LB AN T AT e 2 3 b S ] AT
WS G SRR BE A AT AT R A AS A AT R
INF o A5 AT AT S FUAS T AT e DR 35 — 2 A9 B 431 ) i) 384 o
3 )G Foe /N W AS AT AT e () 2R AR AR ] DL 4
R R RE A9 Z AR A ] TR AR 1) e A0 Ak &

(3) R v A W] AT A I R R/
WA~ A 5 S5 O A 1 L85 SRy T {6l e R LA A PR Y
We S o O At AT I AR B0 A A3 17 B2 A 1 R/ ok
PEAT He R AR,

BT UL R YRS T A R AL B B, A
SCIAE VAT JE I be A Rl e A

(D AR HAA A AT i HO A R i3
YRR FE W RIN 35 S GRS

(2) FE b BRA AT AT XA A AT R S 1R
TR SN AT AT MO — € 1 LA DL G A R
FIAT A e A o [ B Sy 17 R B A o 1 W AT M RS AT
AT A AT B L LA FRATTR I T DR b 37 =K

A

?
max{0,g;(x)}, 1=<;</
G, (x) = ‘ , (6)
[h;(x)], [+1<;<m
FORANE x 55§ AR KRR
Gx)=>G;(x) (7)
—1

FRAR x iR AR AT R

BE X » X 73 1) 0 25 ARV T A7 M P 35 L BE
/N R B A s x, o 24 BT AER A nT AT M o i S
AR L fre /NI AR
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f(x)=

FCx, x WAT{Tfit

max{ £ ) + 7" F o) — F X))+ £ )

| x WA A7
(8)

o, S AR S R AT AR O 4 .
G/(x):JO’, | x ?ﬂﬂﬁﬁiﬁ
116 =G, |+ x AR
F(x)=f(x)+G (x) (10)
FQoO R x B4R F5 035 I BE AR, %R Je /M E 19 1)
BURAE F Qo) BB /N A & . SR Th AR W] AT
fiff 1 L A5 /N pi X C8) 1, N W AT i i 4 ) 1Y) PR
B N BE AR/ B e B R — AR ME R i, XA
PR TR RS RIAT AR L) 2 AN T AT A B
ME S /0. TR O Ao 3k A IS N A 3 A I Y B AT
DL 008 5 B AR o T AT i 5 AN W AT A 1 LG . ot
b5 B2 CO) AT T 38 R T 6T AR o i 2 TR
BN R AT Al B A5 50 o AT DL i R AR — AR
FERYRE 32, X A 5] 3 H B A AT AT i R b JE i AT
.
(3) e A AT AR B Lo 1R H A ph B0
FR RS ZIN. R 3R e/ IV T R 156 bR BRI/ ) 4R 5 A
4.4 HESE
RFPEE P IRl 0 N SR 7 il 4 5. ¢
A PEAAREL S SR SR G | w | R BUSEEL w 1Y
BB oy AL SC I BB RN E
1. 2R W) bR Fh i
BEBL A LR GG R BE Py = (%10 x, ) Po I B — A4
R x, €S,i€ (1,2, .0}, % 1=0;
2. 8 AR
2.1 ABRER P AN IRBENLY B 2/2 ] T2 —
AFEAPH AP R A AR ABIFRE P, M
A Ly (AN R 22 ALK TE 38 38 UL T LA po A ABE 26 % 4
— AT AR AT S SCERAE P2 TSR SRS T
A — AT JA AR PR AR A U op AR B 4. 3 5 9 AN 1k
R LARHEN] B 1 A A S i 9 A R BE A BRI P 5
2.2, 4EEEIR P 0 A IRBEL 2 B n/u] F 2 15
— TP w AR PRI RN A BRI PR
SPX B LL py IR0 B — A7 28 b I AR R AT 28 U3 AE
PR AR R SR N — T 2R S R AR
AR AR 4.3 WIYAMERIL S LRI B o AN B A
AR AFIEE P

3. AR B RAE

9

FhEE PP AAT — DK x, = (i sz s s iy ) s KA
P B 5B REAE. RREER O A PR e[,
NIFI—ABENLE AL r€ (0,15 @ %z =1 +r(u, — ).
BEfR P? 28 505 B I AR P

A, TR SR

A PRI PP A ARG 4.3 5 B AR 45 B ok 2
n AR IF AR AR — AR EE Py

5. TR A R 2 R A A

i R LR S W R A N =1, R R
4+ 2.

5 HEXRE

51 LWHER

T VEAG B 2 (COEA/OED) By E g, Fe AT 1%
BOSCHR16-19 19 R FH Iy 13 4S5 2 9 s R B k47
SCI AT, PRAL 202 JB T4t 2 W R, FEEH
SE PN RAE ST, KL 203.205.¢11 .13 FH %
HEL ARG Ty, I R FE R %
HELMWEG AR, R, FF B 2= 100,
A=3,u=3, ZARIE L2 LHAE I HER po=0. 1,
RIS ARAE LA pr=0. 8. 975K [k =6, F 4
R p=0. 1,38 N BE bR EUE PEAN B 240000 K.
Xof 45 229 BRG] 0L FRATTR T SCHR L9 b 4 i o
ik BT B SFE AR KA h () =0 H b A%
ARG | h(x) —e| <6 R AL, Hop 62— AR
JIN R TE KB A 22 (B e B iR A KR 3 1 B T
e HFZER M T e+ D =e()/C, Hp C Ry
B, AR A SO i A A 22 SR A ) R
C=1.0165,¢(0)=2.0,0=1E—4. fi f§ 52 % #/ 1
MATLAB 2007 /158 i, (i 2 MATLAB Ui ] 5
VEF IR X T8 — 003K oR B8, 76 A R 0 25 1 F
M7 IBAT 30 WK, 0 3 FL AR AT 19 45 2R (best) | o ] 45
B (median) | ¥ 45 B (mean) FlfF 1) H5 4E 22 (std.
dev). 25 3 H T #i5 : COEA/OED %} 13 A4l i

F X FATH COEA/OED Wiz {145 R 5
HE A ANE NN AR B RS 85 R k1T T 1
BEA e SR L1019 i SAFF 4503 L SCk[18 ]
thy SMES 883k SCRRL19 1 i RY 4836 SCRk[20 ]
i AIRCES 83k, £ 6 )i 1 5 Aok b ny 45
XSS 25 R Aok B A OGS 1 2 % SCHR . NA
FER S0 B W] AR AT I 4



860 it (= L & i 2010 4
%S COEA/OED HiAFT 13 MR A Wik o 00 37 35 47 30 RO L5 R
_— BATEE R
=]
optimal best median mean worst std. dev
201 —15. 000 —15. 000 —15. 000 —15. 000 —15. 000 0. 0E+00
202 —0.803619 —0. 803619 —0.791021 —0.790908 —0.761532 7.9E—03
g03 1. 00 1.00 1. 00 1. 00 1. 00 5.8E—09
¢04 —30665. 539 —30665. 539 —30665. 539 —30665. 539 —30665. 539 1.2E—11
205 5126. 498 5126. 498 5126. 498 5126. 498 5126. 498 7.2E—12
206 —6961. 814 —6961. 814 —6961. 814 —6961. 814 —6961. 814 3.9E—11
207 24. 306 24.306 24. 306 24.306 24. 306 1.1E—05
208 0.095825 —0.095825 0.095825 0.095825 0. 095825 1.6E—17
209 680. 630 680. 630 680. 630 680. 630 680. 630 3.5E—12
gl0 7049, 248 7049. 521 7070. 424 7072.167 7155. 754 3. 7TE401
gll 0.75 0.75 0.75 0.75 0.75 2.8E—07
gl2 —1.000 —1.000 —1. 000 —1. 000 —1. 000 0. 0E+00
g13 0. 0539498 0. 0539498 0.0539498 0.1437424 0. 4397026 1.6E—01
% 6 5 NEE(COEA/OED, SAFF" SMES™ RYM™ #1 AIRCES™") 3t
BAARENREHIRERER(NARTEXRHRHEIBESR)
BT 4
Function/optimal status o
COEA/OED SAFF SMES RY AIRCES
best —15. 000 —15. 000 —15. 000 —15. 000 —15.000
mean —15. 000 —15. 000 —15. 000 —15. 000 —15. 000
01/—15. 000
g1/ =15 worst —15. 000 —15. 000 —15. 000 —15. 000 —15. 000
std. dev 0. 0E+00 0. 0E+00 0. 0E-+00 0. 0E-+00 NA
best —0.803619 —0.80297 —0. 803601 —0.803515 —0.803575
02/ — 0. 803610 mean —0.790908 —0. 79010 —0.785238 —0. 781975 —0. 779465
gves o worst —0.761532 —0. 76043 —0.751322 —0.726288 —0.716312
std. dev 7.9E—03 1.2E—02 1.7TE—02 2. 0E—02 NA
best —1.000 —1. 000 —1. 000 —1.000 —1.000
. mean —1.000 —1.000 —1.000 —1.000 —1.000
g03/—1.000 worst —1.000 —1.000 —1. 000 —1. 000 —0.999
std. dev 5.8E—09 7.5E—05 2. 1E—04 1.9E—04 NA
best —30665. 539 —30665. 50 —30665. 539 —30665. 539 —30665. 539
04/ — 30665, 539 mean —30665. 539 —30665. 20 —30665. 539 —30665. 539 —30665. 539
& : worst —30665. 539 —30663. 30 —30665. 539 —30665. 539 —30665. 539
std. dev 1.2E—11 1. 9E—01 0. 0E+00 2. 0E—05 NA
best 5126. 498 5126. 989 5126.599 5126. 497 NA
r mean 5126. 498 5432. 080 5174. 492 5128. 881 NA
g05/5126. 498 worst 5126.498 6089. 430 5304. 167 5142.472 NA
std. dev 7.2E—12 3. 9E403 5. 0E401 3.5E400 NA
best —6961. 814 —6961. 800 —6961. 814 —6961. 814 —6961. 814
, mean —6961. 814 —6961. 800 —6961. 284 —6875. 940 —6695. 987
806/—6961. 814 worst —6961. 814 —6961. 800 —6952. 482 —6350. 262 —6030. 333
std. dev 3. 9E—11 0. 0E+00 1. 9E+00 1. 6E+02 NA
best 24.306 24.48 24.327 24.307 NA
mean 24. 306 26. 58 24. 475 24. 374 NA
/24, ;
807/24. 306 worst 24. 306 28. 40 24. 843 24, 642 NA
std. dev 1.1E—05 1.1E+00 1.3E—01 6. 6E—02 NA
best —0.095825 —0.095825 —0.095825 —0.095825 —0. 095825
08/—0. 095825 mean —0.095825 —0.095825 —0.095825 —0.095825 —0.095825
& IR worst —0. 095825 —0. 095825 —0. 095825 —0.095825 —0. 095825
std. dev 1.6E—17 0. 0E+00 0. 0E+00 2. 6E—17 NA
best 680. 630 680. 64 680. 632 680. 630 680. 630
, mean 680. 630 680. 72 680. 643 680. 656 680. 652
09/680. 630
S worst 680. 630 680. 87 680. 719 680. 763 680. 801
std. dev 3.5E—12 5. 9E—02 1.6E—02 3.4E—02 NA
best 7049. 521 7061. 34 7051. 903 7054. 316 NA
mean 7072.167 7627. 89 7253. 047 7559.192 NA
10/7049. 2
gl0/7049. 248 worst 7155. 754 8288. 79 7638. 366 8835. 655 NA
std. dev 3. 7E+01 3. 7TE402 1. 4E+02 5.3E4+02 NA
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Function/optimal status
COEA/OED SAFF SMES RY AIRCES
best 0.75 0. 750 0.75 0.750 0.750
11/0.75 mean 0.75 0. 750 0.75 0.750 0.750
SR worst 0.75 0. 750 0.75 0. 750 0. 750
std. dev 2.8E—07 0. 0E400 1.5E—04 8. 0E—05 NA
best —1.000 —1.000 —1.000 —1.000 —1.000
4 —1.000 —1.00 —1.00 —1. 000 —1.000
12/ —1.000 mean 0C 000 000 0C 0
worst —1.000 —1. 000 —1.000 —1. 000 —1.000
std. dev 0. 0E400 0. 0E+00 0. 0E+00 0. 0E+-00 NA
best 0.0539498 NA 0. 053986 0.053957 0.53950
13/0. 0539498 mean 0.1437424 NA 0.166385 0.067543 0.054716
& ’ worst 0.4397026 NA 0. 468294 0.216915 0.440825
std. dev 1.6E—01 NA 1. 8E—01 3.1E—02 NA

Farmani f1 Wright"'*1 $2 H ) SAFF & 3 52 i
JE— W Y AE ST eR A . SMES™ Bk ff B R
i [ 2 R B Fe /N B AN AT AT il DA — 5 B R 0 A 3]
T AR b X 2 R R 2 AR PR AR
(1 Fl. Runarsson Fl Yao " $& t (1 i HLHE 17 5 2
HAi & M2 A R Z — Bl e SO
P RN H B bR BRI R 5 pR BT A RS N Y 5
Wi R S R R Y Ok ok S B Ak R R AL Uk
L2048 th 7 —Fo i JH T A D 29 SR A0 A Tm) 8 i T
o 5 W) [0 9 Ak SR L 98 B R G 1 AT S50 BE N OK i
K BE.
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M 5 Al LUE . B 210 Fb. B 57 2% (COEA/
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U 12X pR £ 202, HAA COEA/OED 55 36 48 3] 1 K
1 1) S LA 5 [7) SAFF S35 A0 1 . COEA/OED 5 2
TE PR EL 202, g04 ., 05, g06,g07,g09 ., g10 1 1 45
RGN B 245 R 7 | W AL T SAFF &
e, % F R %k 01,203, g08,g11,g12, COEA/OED
HPHUG T 5 SAFF BB 45 R 7 SMES 5
A . COEA/OED 2 v 75 & 5t 202, g05., g07,
g09.g10.g13 ML a5 A - 45 R M 22 45 R
T34 &5 A . X F e L g01. g03 . g04. g06, 808, gl1,
gl2, COEA/OED B Hfg 175 SMES & i 1
A4 A RY 8354 e, COEA/OED 3 7 R 2
g02.g07.g10 e L4 e - B 45 S M i 22 45 R 7
MR T RY 595 % F pR %k g01.g03.g04,g06.,808,
gll.gl2, COEA/OED Bk H4s 75 RY & AH
453 5 W] AIRCES #7548 1t COEA/OED 85 7E
BRI 202 By SR L4t A | - 34 45 2R R0 B 22 45 2R 07 T 1
T AIRCES 8 3, X} T o £ 206, g09, COEA/

OED F1 AIRCES % i #f [7] i} 4% 2 1 & L fift . 1B
COEA/OED 5145 31 - 24 25 3 o5 22 45 5 J7 i
F AIRCES % . % pR #t 201, g03 ., g04.g08,gl1,
g12.g13,COEA/OED 1 AIRCES % 3155 T 1 {2l
iBES
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SAFF B33 it 75 3 N {8 oR 2007 # I 3k 1400000
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OED #1 SMES 57k H i 29Ffr 240000 K.
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g5 (x)=—8x, +x,,<0,

g6 (x)=—8x;+x,,<0,

g (x)=—2x, — x5 +2,,=<0,
gs(x)=—2x; —x; +2,, <0,
g9 (x)=—2x3 — a9+ 2,0,
0<a;,<1(i=1,2,--
0<a;;=1.

,9), 0<x;<100(i=10,11,12),

e itgy x=a,1,1,1,1,1,1,1,1,3,3,3, 1),
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S(xD) =15, REM 215828587 > 25 F1 go TG BR. 894.8—x, =0

202 hs (x) = 1000sin(x, —0. 25) +1000sin(a; — x 5 —0. 25) -+
! " 1294. 8=0

s (o) — 2 cos® (2
Z}CO* * ,Ulm * 0=y <1200, 02, <<1200, —0. 55<x; <0. 55,
—0.55<x,<0. 55.
ELAI PR x° = (679. 9453, 1026. 067, 0. 1188764,

Maximize: f(x)=

subject to: —0.3962336), f(x*)=5126. 1981,
g (0 =0.75—[[ x.=0. 806
o Minimize: f(x)=(x; —10)* + (x, —20)°
gz(x):ZJ,*T 57n<<0, subject to:
=1

R g1 (x)=—(x;,—5)*— (a2, —5)*4+100<0,
0<2;<<10(i=1,2,+,n) ,n=20.

B R G2 A R R f () =
0. 803619, AN g L TR (g1 = —107).
203

g (x)=(x;—6)"+ (2, —5)* —82. 81<0,

13<<x,<<100,0<"x,=<.100.

O i il x° = (14.095, 0.84296), f (x") =
—6961. 81388. > A A 1 1) 1 K.
Maximize: f(x):(«/;)”ﬁf,v go7

=1 Minimize: f(x)=ux>4 x>+ x 2, — 142, — 162, +

(23 =100 +4(x, —5)* + (a5 —3)* +
2(xs — 1?4525 +7(x5 —11)* +
2(xs —10)* + (210 —7)* 445

subject to:

h(x)= > a2t —=1=0,0=a,<1(i=1,2,,n) ,n=10.

=

BRI =/ =1/Vn(i=1,2,- ), f(x")=1.

g04

Minimize: f(x)=5.35785472%+0. 83568912, 5 +
37.293239x, —40792. 141

subject to:

g1 (x)=—105+44x, +5x, —32; + 925 <0,

g, (x)=10x, —8x; — 172, + 2230,

g5 (x)=—8x +2x; +5x9 — 211, — 120,

g1 (x)=3(x; —2)*+4(a, —3)* 4+ 224 — 72, —120<0,

g5 (x) =521 + 82, + (23 —6)* —2a, —40=0,

g (X)) =21 +2(2,—2)" —2x, 2, + 14a5s — 6250,

g1 (x)=0.5(x; —8)*+2(ay —4)* 4+ 32F —xs — 300,

gs(x)=—3x, +6x,+12(xy —8)* —72,,<<0,

—10<<a;<<10(i=1,---,10).

O %0 4 f o x* = (2.171996, 2. 363683, 8. 773926,
5.095984, 0.9906548, 1.430574, 1.321644, 9.828726,
8.280092,8.375927), f(x") = 24.3062091. £ 5 & 1 g1+
8208381585 M g IHER.
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subject to:
1 (x)=85. 334407 40. 00568582, x5 +

0. 00062622, x;, +0. 002205325 25 — 9220,
g2 (x) = —85. 334407 —0. 00568581, x5 —

0. 0006262x, 2, +0. 00220532525 =<0,
g5 (x)=80.51249+0. 00713172, x5 +

0. 00299552, 2, +0. 002181325 —110=0,
g1 (x)=—80.51249—0. 00713172, x5 —

0. 00299552, 22 —0. 002181325 +90<<0,
25 (x)=9.300961-+0. 00470262525 +

0. 00125472, x5 +0. 001908525 2, —25<20,

25 (X)=—9.300961—0. 004702625 x5 —
0. 00125472, 25 —0. 001908525 x4 +20<0,

78, <102, 33<Ca,<<45, 27<<2,<<45(i=3,4,5).

O %0 & L x* = (78,33, 29.995256025682, 45,

36. 775812905788), f(x*)=—30665.539. K &1 g Fl ge

205
Minimize: f(x)=23x, +0.000001x}+2x, +
(0. 000002/3) 3
subject to:
g1 (x)=—x,+x;—0.55<0,
g, (x)=—x5+2x,—0.55<0,
hy (x)=1000sin( — x5 —0. 25) +1000sin( —x, —0. 25) +
894. 8—x, =0
h, (x)=1000sin(x3; —0. 25) +1000sin(x; —x, —0. 25) +

sin’ (27, ) sin(2mx, )

i (e +ax2)

Minimize:; f(x)=

subject to:

g1 (0=t —x, +1=0,

g (x)=1—z,+ (2, —4)* <0,

0<<x,<<10,0<x,<10.

C A if oy x* = (1.2279713,4. 2453733), f(x*) =

0. 095825. e AR T Al AT 3k N

g09
Minimize: f(x)=(x;—10)*4+5(x, —12)* + 2+
3(axy — 11 +1028 + 728 +
b —dxsxr —10xs — 87
subject to:
g1 (x)=—127+22} + 323 + 2 +42] + 52, <0,
g, (x)=—282+4+7x, +3x, +102} + 2, — 25 <0,
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g3 (x)=—196+23x, + 2% +62f —8x;,<<0,

g (x) =42t 425 — 32,2, + 225 + 52 — 112, <0,

—10<2,<10(i=1,2,+-,7).

B AL x" = (2.330499, 1. 951372, — 0. 4775414,
4.365726, — 0. 6244870, 1. 1038131, 1. 594227), f(x") =
680.630573.

LY R RAT g Al g TR ER.
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Minimize: f(x)=x +x;+x;3

subject to:

g1 (x)=—1+40.0025(x, +x5)<<0,

go(x)=—140.0025(Cxs +a; —a,) <0,

g5 (x)=—1+0.01(ay —a5)<0,

g1 (x) =—x, x5 +833. 332522, +100x, —83333. 3330,

g5 (X)=—a, 2, +125025 + 2,20, — 12502, <0,

g6 (x) = — 2325 + 12500004 2325 — 250025 <0,

100"z, ={10000,1000="x;<<10000(i=2,3) ,

10<<2,<<1000(i=4,++,8).

O M B f R x" = (579.3167, 1359. 943, 5110. 071,
182. 0174, 295.5985, 217.9799, 286.4162, 395.5979 ),
S(x")=7049. 3307. YFRAF g1 5 g2 1 s THER.

gll

Minimize: f(x)=x!+ (2, —1)*
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Constrained optimization problems (COPs) are very
commonly faced in many science and engineering disciplines,
such as the navigation of the multi-mobile agents. To solve
COPs, evolutionary algorithms (EAs) and constraint-han-
dling techniques are two basic aspects. The orthogonal design
is an experimental design method, which has been widely ap-

plied in scientific research, manufacturing, agricultural ex-

subject to:

h(x)=x, —z{=0,

— 1= =1, -1, <1

CAE LA x = (£1/4/2,1/2), f(x)=0.75.

gl2

Maximize: f(x)=(100—(x; —5)*— (2, —5)* —

(x5 —5)")/100

subject to:

g =, —p)'+ (s —q@"+ (a3 —7r)* —0.0625<0,

0<x;<<10(i=1,2,3), prqg,r=1,2,++,9.

AIATECE 9% A B U BRI AL, 177 & (s 25 20) AT AT
M HAUYAETE pogor W R EIRA RS CHIRILIE =
(5.5.5), f(x") =1 TR T AT AT RN

gl3

Minimize; f(x)=e172%5"1"5

subject to:

hx)=xt+zi+22+2i+22—10=0,

hy (x)=x223 —Sx,25 =0,

hy (x) =z} +x3+1=0,

—2.3<x;<2.3(:=1,2), —3.2<x;<3.2(:=3,4,5).

TR AL x* = (—1.717143.,1. 595709, — 1. 827247 ,
0.7636413,—0.763645), f(x*)=0.0539498.
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periments and quality management. This method, which can
be used for planning experiments, provides an efficient way
to find a near-best sample for the multi-factor experiments.
In recent years, as some major steps of a GA (such as the
crossover operator) can be considered to be “experiments”,
orthogonal design is used to solve global optimization prob-
lems with good performance. Nowadays, there is no report
about using orthogonal method to design multi-patent cross-
over operator to solve constrained optimization problems ef-
fectively. This paper proposes a new multi-patent orthogonal
crossover operator and new constraint-handling technique
based on constrained optimization evolutionary algorithm,

and provides new tools for practical applications.



