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Study of Numerical Optimization Constraint Problems Based on Genetic Algorithm
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Abstract: For numerical optimization constraints appear in the large-scale, multi-function polymorphism, on global
opti- mization with discrete variables under such circumstances, General optimization method, convergence is slow to
seek global extremum of low probability. Made with genetic algorithm of numerical optimization constraints problem
solution, by numerical simulation experimental results indicates that, the algorithm performance better than existing
other algorithm, it not only can processing linear equation constraints, and also can processing nonlinear equation
constraints, while improve has convergence speed reconciliation of precision, is efficient sound of intelligent algorithm,
has is high of global found excellent ability and soon of convergence speed, on solution complex more peak more State
function of optimization constraints problem has feasibility and effectiveness. '

Key words: genetic algorithm; optimization constraints; penalty function; nonlin’éarity; computer simulation

Bt o 27 R AR A RV 22 0K ) R 2% T U 4
s 2 AR R B AR T R, 249 AR DA L, 4 i)
S FI b B0 KM 29 3R SRR Il 2 P 98 I (NonLinear
Programming, NLP)[:] %ﬂ, vl AN A A1 AT 2801 i V%
24 W1 e AL A 1] /@ (Constrained  Optimization Problems,
COP) [ # B T A4y S B R g 422 — o d Ay
LYW In) JEAL S TC 2 A 0], P G 2 R i) R ) T 2
fiE; %*Wﬂiﬁﬁllﬁ%%ﬂilﬂ] R\ T8, M ae T4
LY IE B, MR AR Iy AR A, T T e
4 (penalty function method), H Couran 7E 1949 -4

O© FEETH DY EE T ARFIARE S (12ZB040); U A B E T HEH
AR I 17]:2012-09-07; L 144 e I #]:2013-03-20

tH, Fi>KH1 Frish(1955)1 Carroll(1959)%3 il fil T K Jig.
T R EGEAE SE B A LU BRI, T R R B A
0 i) 78 (1) 249 T R B8 LA R 20A 5 21 H A ek K 25
SN 1) JUAR Ry T AR ) R X R g 0 T ARG 1 1)
LY, Bk I S DR A R 2R K AT AT X
A RS By i A 2l I TS AT RE T BURIK

i} R ESOE AR A 51 AT 5t a) R w] AT M40 A A
8 11 B Bk (exterior penalty method) A1 Py 8 1) b8 ik
(interior penalty method tHFRF 572 barrier function
method)™. X581 ¥ s VL E R 3E— D0 R T

KRG H 0342 (CIF10019)

Software Technique « Algorithm #fFHA « 53 139

© TERERE TN

http:/fwww.c-s-a.org.cn



AN VA

http://www.c-s-a.org.cn

2013 4 224 5 M

— UK TG 2 oA T ke A5 38 i) R A TR R 24 T e A
(exact penalty function). il bRV 1K) BT g e 1
7% (multipler method) 5% Lagrange v, LI A& #% 3%
Lagrange 5. ZIAURAUA IR 56 —RhigAt i e B,
20 14l 60 4EAX Rosen X T4l 2 PEL ARl AR Y T 3%
44 (e e B 5 9% (gradient projection method). X2
SRR AT LA R TG 2 oA i 3 e T B 5 21 )
e, A AR AT SRR T 1m) £ 5 B W] AT
Jr SR — A b, BN AT R BT I, 2
R BEVEAHET BN AE LA LY O, FR AT ST 2080 i
% (generalized reduced gradient method, GRD).

1 2R i
GARSGRLR ., HRAH AR FL F R4
Ly I BRI T Ny \ -
Minimize ‘f(x) :
g (x)<0,i=1-m
h(x)<0,j =11 v

[, <x, <u,

R T R P R S RO — T .

1) R B RGN VR, W BRI R A
f (x)+ rp(x) 2)
LEQ)F, T EREL PO il a2 T AT IIESE R

=0,xeX
- ! 3
p(x) {>0,x6§X ©)

R4 BRBOE RS, R>0. 3) i X 4 i Sy )

TFHR.

Fa3E T B AT O A TR A, 0 T e
E-CS 6 MR EE 8 11010 A eR ek )
TR, AN T ZH 5 RS, Wi
R BT BATIREL HEN TR,

AT BR A XU T BRI L SO AT T R B, A,

T B AR E AT e IS VG, il
JL A% 5% (boundary mutation) « J3 K i A (heuristic
crossover) JUA[AZ X (geometrical crossover) BRITIANAE X
(sphere crossover)S§. BT 2, T1EAEEEXTTANAI ]
T R )T R, T HAE LR R A
R OL T A HBGE ;6 T RARA R L i s ik
151 SRSy SRR €7 KPS B Ry A1 N EATIZ S 52 N 1 M S [

140 %A « 5% Software Technique * Algorithm

PRHERF). 1997 4F, Jan Paredis 2 TS RIMHGIEHESE
(Coevolutionary Genetic Algori- thm,CGA)ff#k— 14
RO AL I, e rp — AN ) R AL, R
TR IR B X MO RIBEAY, ATt (1 i i A B
G2, TG LT U 55 2 (R fi i s

2 REPEL IR AL R R B AR T
2.1 HMELAREMALIEER
Michalewicz 7t 4% 535 N T 28t 240 R e LAk
i 5075 TRV S SRSl e MRS RS o ) — it
ﬂﬁﬁﬁu%ﬁ?g:‘{
Minimize- f(x,,--x,)

subject  to

3

ayx, +--+a,x,=b

a, X, +--+a,x =b,

mn”"n

CX +o ey x, <d )

cpX +otc,x, <d

L<x, Supi=Len

LA i R R R A 5N
Minimize f(x)
subject  to
Ax=b A
c<d Ny *" )
\ “‘_‘ [<x=u
AR LTI ) IR o 5T DA 2 b Kl A
LR PEBRAL. 1991 4F Michalewice S-F 5T 1 IX L SRURAR:
At R B AT e AR DA D AR RO, T
B A X213, JF B 4% % i) GENOCOP(Genetic
Algorithm for Numerical Optimization for Constrained
Problem, ZJHALA¥IEA% F). FEFFFOXFh VAL
HIF, 20— ] SR R 4511 S ] R A SR AR
Pt — A 6 ML AT I ALY R AL ) e
Minimize — f(x,,%,,%5,%,, %5, X5 )
subject  to
X +x,+x,=5
X, + x5 +x, =10
X +x,=3 (6)
X, +x; =4
x;20,i=1---6

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



2013 4 224 H 5 M

http://www.c-s-a.org.cn

A [N VA

B AR 4 MR SR AR AR . x,x x,
il x,, x, KFR.

X, =5-x-x,

x,=3-x

7
X, =4-x, @
X =3+x +x,
HARREER A
?(xl'xz)zf(xl’xZ’(s_xl_xz)’ )

(3—x1),(4—x2),(3+x1+x2))

R, I PR 2 R AR R A SRR, A
A AL R A TE LR R
x20,x,20
5-x,-x,20 9)
3—x,20
4-,20
SRJE, Bl B A R AR I . TR S
i T2, AL R LU T A, A A R A
Box = (g, x,) = (1.8, 2.3) TREF x, A AL x, KA (3
SRS, Ak x A4 [0,5-x,]=[0,2.7] . 1E
8T X ERAE R, BB AR R A W) TP A7 A E Y A
x=(x,x,)=(18,23),x" = (x,x;) =(0.9,3.5) |
HATEEMEA G Ax+(1-2)x (0< A <1) AR
W — ad, IR HIE L T AR AR, ML T8 X
FRAESL AR R A IR PRI, BT R I 3 A 4
VEAL A 17) 2t PR I/ AT AT SN
2.2 HMRERLAR

TR B N Ax =b A m MMSLHIAEX, m A

AR XX e X, (i, Y {L2,0,n)) 5 n] DA %
R n—m MREFR. ERIHERAHERERfE T

ASHIRE A LER 80 (G ey, 1) RO E A4
e AL AT Ay, SRAM ST BIRERE Cy 1) DR 6 N 53
BEAN RN P ARt xR, SRR

Ax + A,x*=b

T A AE X =474 4" X R, &R
x, %, e, TR RO ALy F. % T8
%xi/ (j=1--,m) LS T]}E?‘Jﬁl@ <x, <u il
BT x, , A FAUBIR A S

L<AD— AT A" <u
B gt A E R Ce<d, Bl

Cx'+Cx* <d

o AN B AR
C(A47h— A 4x")+Cx* <d

B, 5 m ARy e, THBRUR, B2

W LR IS5 SR 2 R4

@ JsETFRAH:
L, <x* <u,
@ B AEXLR:
Al <b—A,x" < Au,
® EAR%L: (N
(e ClAi_l.Az)xz < ‘Z ~GA™D

2.3 GENOCOP &%

GENOCOP SLEMILE LA —HF, RABENLIEE

PRI T E, 330 B 0t T R B P00 R B A P R
¥y o) M A AR AN AT AT, R BRI PR eI AR

AR

(1) T A AR,
(2) LRSI R SRR e, B RSk
F 3k i) GENOCOP #3111 Michalewicz 5[]

GENOCOP FLyL 1 — K il A7 BRPE 29 o A I A B A
Al PP Y 4 X414 GENOCOP 579
LR AL T R U

X ARZNE H AR s B A aE, 2508 i LA

BRI A(X)~E(x).
@ B AX) A\
e % r “0<x<S
\ \ S
\ Alx)=1 A S<x<28 (10)

c,.j(1+ x—st) 28 <x

@ M B(x): B(x)=c;x°
©® B C): C(x)=¢,x
@ pREL D(x):

)=¢, l+(x1—2s)2+ 19 o 17 2D
1+(X—4SJ 1+(x—4S]

FE(12)70, S AR x BA R RIRBY.
® A E(x):
E(x)=c (Sin(x5—”)+l)
v 48

Software Technique = Algorithm A « 53 141

© TTEASEEAREET  hip//www.c-s-a.org.cen



AN VA

http://www.c-s-a.org.cn

2013 4 224 5 M

S ARSI ) x BATFIRF BT, ARZtEias i G H
PREEO: 3 )+ PRI 7 (o) BRI RS2 ACY)

~E(x) FAE— bR KL, PN T R A

FY — u
p:k.(Tj ~f~Zdi (12)

EA3)3h, f RS ARBHAIR PR IE L. kA p
NZHI k=1, p=1/14. T i KisAFAREL, a4 s i A

iew

PRIGRE AT (v, v,) » FRATHRE R S

d (15)

th —val

iew

¥
o

3 MatlabSZ B fia 543 Hr

WAERMPIRIS R m A7 Ay, Ay, A,
HPH P B an ayc, an Hon DML B,
By, ++, B, SIS R 3 00 by, baye, by, BOE N
A (i=1,2,,m) WA B (j=1,2, =, n) iafy
BRI IS N ¢y, #5H xy; Fn A B B Ifis i i,
WILE =88 P 4 AF T, s 2D I lis 7 R I B0y
RIS A3 77 R (1 38 SRR ) LA Ay 49

1 7T BRI ) U S8R

c

voo27 28 25 20 20 20 20
20 0 20 50 62 93 77 1000
20 21 0 17 54 67 1000 48
20 50 17 0 60 98 67 © 25
23 62 54 60 0 27 1000 38
26 93 67 98 W 27 Lo0b 47 4
25 77 1000 67 4 1000 47 0 35
26 1000 48 ' 25 38 4 35 0

TS, Fflivt x MY, ARy bs s 7
At e, IR ERER /. FIR 7 Al SRR AR )
Vi, $eE S M. X TR A T S=2, XA, DA
EAFH] S=5. H Tl in 8l E A 13 NS AE LR,
gk, nf By B 13 A E . BB
Xy Xy s Xy Xyg s Xppy Xagy X 40> SRR 36 DALEHZINF 1
TEN:

YirVor 1 Va1 )1 = Xg1 Vo = Xyg17 "1 Vag = Xgg

A AQ0)~E o) I bR B0R RS TR) F AR R 8, BEE A

142 %A « 5% Software Technique * Algorithm

KAN40, $5175 SRR 0.08, TR 0.03, 5
SR 0.07, A8 U 0.10, M5 ARZX
RER 0.10, 444628 XA 0.10, 528, GENOCOP 53,
HEATHEE 8000 fCHIRLE. WK 2 Pk,

®2 A a R

- AR

1 500 1000 2000 4000 8000
A 1085.8 273.4 230.5 153.0 94.5 24.15
B 9324 410.6 258.4 250.3 209.2 205.60
C 83079.1  14122.7  4139.0 2944.1 “:-.'2772‘7 2571.04
D 1733.6 575.3 575.3 4802 © 4802 480.16
E 225.2 204.9 204.9 204.9 204.9 204.82
F 37993 1719.0 550.8 320.9 166.4 119.61

Xj?ﬂiﬁ'ﬁf‘ﬁﬁiﬁ@i&ﬁ@iéiﬁm%ﬂ, SRECK [ 4
Jei e LA D6 250005 A L b R A T PRI EESK, i SR
FITER GRS T R . Michalewicz #4414
iy (AR et B A AL 592 GAMS 5 GENOCOP 5%
BT, b bl L2 3.

AT B S8 45 4341, GENOCOP Sk LL iy ik
IR GAMS SRIFI 45 S ZE AR 01 9% H ok £k
AQ0),B(x) L B R A R0 0 1 2k R 2L E(x),
GENOCOP 5L B U 43 % . 1 %f 1 FAth 2% 1 e 34
B(x),Cx)F D(x), PP 7200 45 S LL A ARG

%3 GAMS 5 GENOCOP Hik i

Bk GAMS GENOCOP W%
A 96.00 2415 gy 29752
B 1141.60 20560 & % 45525
c 253529 1 257104 141
D 56515 480.16 17.70
. 208.25 204.82 1.67
F 43527.54 119.61 3629122
4 45k

Ab BRI 2 R 45 R A P A% SRR SR AR 2 AT A )
JEL T TR () — AN OB 1) 8, 5t A% SV S DA A AR
)T B, BB A ELSIG R, s ERN H T R
B, ZUEARRE. B B R O A R A n)
JEIE B ). AE SR AR T PR R T b s R e R T Ik,
DT 2 — b s s A A, o — R sl .
P R T, R AR S SR R L R A
A A AL T 25 ATAT (PR AR, AN T IR W AR SC T de i
[ GENOCOP it /& 532 nI 7E — e FEE B3 msR i il
i 1 28305 4 v SR il e DL A () A R P R T AT

(NS 197 1)

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



2013 4E 522 %5 5

http://www.c-s-a.org.cn

i EONL R g

ATFRERI VI3 38R, AT — 5 B8 3l i PR AT 20,
NS B A SCHLESE T B P A AR R T

S 30k

1 Knudsen MB, Pedersen GF. Spherical outdoor to indoor
power spectrum model at the mobile terminal. IEEE Journal
on Selected Areas in Communications,2002,20(6):1156—
1169.

2 Lee J, Chung Y. Design of a wireless handwriting input
system for mobile devices. Proc. of the 9th International
Symposium on  Consumer Electronics. Macau: |EEE
Computer Press, 2005,222-225.

3 55, AU, BIE S .MST AT 5307173 1 (0 S R
#,2006,17(3):403-409.

4 Casey RG, Lecolinet E. A survey of methods and strategies in
character segmenta‘t_ion. 1EI§E Transactions on Pattern
Analysis and Machine Intelligence,1996,18(7):690-706.

5 P, EF LT MR AR B BIRGE T 5507 8 D) 4

TS E.,2007,23(25):275-276.

6 i, EACR M AT ST 5TV 0I5
T HLRL,2007,34(1):198-200.

7 BRI IREE G R T TR R R TS
W)y, AT K 2% 2% 4R,2003,37(9):1434-1437.

8 Hong C, Loudon G Wu Y, Zitserman R. Segmentation and
recognition of continuous handwriting Chinese text. Pattern
Recognition and Artificial Intelligence, 1998,12(2):223-232.

9 Lin YuT, Chen RC. Segmenting *han_dwritten Chinese
characters based on heuristic merging.of“stroke bounding
boxes and dynamic brogrammi'hg. Pattern Recognition
Letters, 1998,19(8):963-973.

10 Té‘qng LY, Chuang CT. An efficient knowledge based stroke
extraction method for multi-font Chinese characters. Pattern
Recognition,1992,25(12):1445-1458.

11 5 MK Ko T B SRR F g X TS
PRIV 53 H 7 2#41%,2000,28(5):1-3.

12 R 73CR DL 45 R R AR 36 ik 4 BRI 5 AR DL T 745 B
ST, Lty bR ECR HiAAE, 1993.108-169.

(EH5 142 10)

S0k

1 Deb K.An efficient constraint handling method for genetic
algorithms.Computational Methods for Applied Mechanical
Engineering,2000,18(9):311-318.

2 Michalewicz,Z,S choenauer,M.Evolutionary algorithms for
constrained parameter optimization problems.Evolutionary
Computation Journal,1996,4(1):1-32.

3 SR 1) B B A 08 A SRR AL B 4 SR i A ) B
FTaCPCEE TOK 227417, 2002,24(2):56-59.

4 R E,Tz%?%iﬂlkéa%/rft%ﬂiédE‘J?Fm‘é?iﬁ%ﬁ?zt.%%L}%EEE
TR 2003,25(5):621-624.

5 XU, AR BE T4 R TR it AL SRR 2 AL )
SN FH,2007,27(1):238-240.

6 JEZKHE, A, B R — T R A 2 SR S A R AL

IR R TSRS 5 M, 2006,27(6):48-51.

7 50195 %2 A 24 L R b
ﬁmiﬁﬁiﬁmzooe,zus);756—-—757.

8 4TS, M . R OB . ) 1 3 B0 TR K
%3 1£,2002,24(5):13-16.

9 T M, XL R Bl —RIOBT (A SRR R A Ak )
B E AR S 5 3h1k,2003,22(1):17-20.

10 ARFF, A=, 5t 0 . T35 A% SR SR A 240 R A Il R
— PSR AT 2490, 2001,12(4):628-632.

11 FBOK 25 AR URER.— b SR A7 249 TR R 00 A ) A 8 A .
el K 2E244),2005,29(4):294-297.

12 K, FR e T8t A SR 1 32 fi o R I AR A . R
T T K224, 2008,24(3):43-45.

Research and Development #5777 & 197

© hEAEFEER ST

http:#/www.c-s-a.org.cn



