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Abstract

An optimization problem is to select the best of many possible design alternatives in
a complex design space.

Genetic algorithms, one of the numerous techniques to search optimal solution, have
been sucessfully applied to various problems (for example, parameter tuning in
expert systems, structural systems  with a mix of continuous, integer and discrete
design variables) that could not have been readily solved with more conventional
computational technique. But, conventional genetic algorithms are ill defined for two
classes of problems, ie., penalty function and fitness scaling.

Therefore, this paper develops Improved genetic algorithms(IGA) to solve these
problems. As a case study, numerical examples are demonstrated to show the
effectiveness of the Improved genetic algorithms.
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ZNALAAHAS 7|HE 71€9 B2 AFES A MeEo stoen 1 sy £ thekd)
A ZEHT U & JH7tA) AFZAES BEF UEdof sl AARSE] AFFaA
HAE T3t Wy distde Bol dFEHe oy ol HAYMSFE FAFH AL E
sAsior & EA7F @ol dob AT AdHolt &S AAWMTEC HF(nteger), AF
(Real number) ¥+ ©]41Z (Discrete) FAE T4 7HXm M2 EFH AlESHE 88 F
A 3 ® A (Combinational optimal solution)®} «i2i7le]l 293 &= (Local optimum)o] &)
e ASo AHY A H(Global optimum)E Z&HOZ Fies EASES E + Ud.
olo} & FHejo FAlo] dish 7IE9 ould A3 VY-S HEstd A A o=
o] WA F & FA AHY HErle Ay At giREely, A& Az 2
e AT FF TASRD IHEE NEY HAE JEE L3 ol F sAdEE WA
A AP S Addstool gty o HAHY £2& A3 AFHAY B2 FEE FA
of 3ttt MAZE AL AXord AT dFHA d2A 7E HH3 7P A¥EAE
¥ % FelLE(Heuristic)?|B 52 lE YA o] 1AYEAA ZAFde HAAHS g4
28 = AT 2xYol el BEZd FA(dEE™, ¥ A3 A 8 A (Non-Linear programming),
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22 A& (Multi-objective programming)) 5ol e HHME E&5tE AAAX E3s)
I AEEYTE Foe g@e] Utk '

olg]g ZAHE v JA HAA3A F F v AT A 5 (Artificial Intelligence)®] & 7]
9l f A3 (Genetic Algorithm)& AJejAl o] Hstddejo] vtgd& & HA s dg g g
ZFo2 U3 FFH BAEC TE&HOE HErwEy ¥lud A¥Ye - AR G
qEe TS ATE FHol Utk AT FH sy AAA HEHE Ay ¥l uiFd ¥y
g 71Yo] ol&ztAl gle Ao, EAY F¥o ute} AAXIE ArEdd dEHE FAE
Pz WAt o]F o vHE FHst HHINE &5t AT AA oItk F opA A
AYstd FAsgEe] EHT JA F2 ’BLEHOID‘L

A B AFoMe HAHs EAd dies FAsEY HAE Hotsl 2] Hs) &9
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Aaly ZHEA EAZE Hz e Hutgds(Penalty function) HEEAH < v
(Premature convergence) AL 3237 Y8 HEstes AU E HEBE(Fitness scaling)W =, ¢
FAAe 8845 L MAAD AR FANHE Aregen, ol T HHsHEA-
A gt 2 01'?%}]"1 AAE e $rdE dFstaa o

FAAEL 2 e (Natural selection) HRFAE(Survival of the fittest)ol Z2HE F2
o N2E IH(New population)g& HAE wo] o]A A G(0ld popuation)ol A =& A&
E3& 7tAE AA(String)?t st Ee 2 o] e F&(Offspring)S WewEd o & &&
S 7HA 3 fFAaEgE Aol o 718U deg otk [9]

fAs¥-E Holland [8]7F /W&a 29, Goldberg [51ol & 7k F4=ol] did A 47
7F 22 AEE oy Be el ANTh

fRAEd g 79 AFE 49 B, Lin® Hajelalllle ol AE o AFHAHS
7} £39d AR AE A (Mixed discrete-integer optimal design problem)ell A g3a F4 sid

&
1319 29, Rajeeve} Krishnambros[13]& o}4t3 ¥4 (Discrete sizing variable)& o] &3}
of 22 A3 & A (Structural optimization problem)oll ™3 FAsHe HE&EE AF3GT
Grefenstette[6]® Aol & HHAAAC A= HAATFY A47EA] =F CHGH
22 813 g5 gidez HAGE ot 2 FEE B ATE 192, Guptas(7]
GT(Group technology)ol A+ A A Z(Cellular manufacturing)®l AAe] #FAsiHL L3
31, Fang 5[3]2 Job Shop Scheduling® A& Z Al st FHsliel A &ALHE LS}
At

rlo

3. 71€ wdside EAES AdE FAHUAGA) £

B AFE A 37HA FWHAA 7€ fAdAEY £AREE AH}L olF AT FAHH
S AAsA

A, 71E9 FANFANE ALz dr AF TAA Al dis] AFxzAs
fxoz wE7] YA Zhang® Wang(l6]& 2 (2)% 2Z& AbA A (¢)3} Rt
(8)8 AM&3toh

b2

Minimize Ax)
Subject to gi(x) = 0 i=1,2,...m (9]
where x is an m vector
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Minimize Ax) + -6 ’g ¢ (2)
where p is the total number of constraints
S is a penalty coefficient
e is — 1 for maximization problems
+1 for minimization problems
¢ is a penalty related to the i—th
constraints (i = 1, 2,.., p)

Aol AN AFzAL BAgzACE vl ALSE wtAl G (¢)F YubdHA S
(8)e Z2aY AARRANM ALxBE Adstes A s d8ste Aoz Atz
2S5 Foo) wEt T2y AR g2 Bem e AAolh old AL
FAsEel FHASA HEed E EAYE A¥HT Yot

f

AR B dAFdMe ol mE g ofvje utAFAR ubgAAsE T=aY HAA
of AMAAFH AFxH AAE EF FRIAELE AHHste ofF sHAstau Aok weF Al
271 Wolve AMF2AEE FFAFA Zate A dsiME AFxde HET o
7 AE AEYANIIES A wets Z2aPEAA MGz fFFo #AR] )

& TARES dsin

£, Jles saddddE A2 AL 948 o s dAAAEE AgEd o
o oheAdze] 4R E A Bk VY, 27l RAUE AN F2A obF 24
@ AT WA A ols AMSS BE AMel v BUAA A= $AS 2 Ho)
AW A% AWHGSE o olge] ANE AU + fE ARG AL

e TARE MUY dstel NEATEAME HYE W (Fitness scaling)PH S A
833 QAW o] WY 4N HEHE B4EE AN 992 Fshn Yoke wAol At

A 2 ATNAE o HYE VBPEL AHSHA T 37 FAALE AH A
2¢ AAE Wrhstel AGzAE BESHA REDY o) ANE FANZ oA TANA A
Fote, AGzAe BEITW HYE WBL A %1 g A w2 APAEZ By
o,

sk ol AFEAL VA BT Aol e Py 3
of 7h5atel wekal sl YANA AN 2NSTENS FAHD, AN GFHE ¥ &
B ANE AN WIAE W) FHde) 22Y & Avke FAel gtk

AA, 71z FANES FBHY AU 87 dE hEAR AEe GsEd Yo
JHAT £ HYEE AW AN TARHBE SeAtlA AFsA AA7E Bslof
HEE AL HUROR lYARAA TE SR e AEAR MDA 48 5
£ 9. ede] £ e 7Hiﬂ & O Ad ASHA FUND ALAE Aol

wekA oleldt FAAE b‘ﬂ%?s}ﬂ 8t IGACIAE oM GolA HTe HEEE ZHe
hute] AAE AAHer os *ﬂ‘?ﬂ—% ARG AEYERE st ojdyd e MMt o
2 Aol Aol Aegd AA ARE FLD(Sorting)std & AP E JAE £o2
Aol A7) W dFANE JHS ’\Hi—\?: AEAGE e s WES AL S3H

B o A& HE Q429 A el(Selection) L 7]&9] A E(Elitism) W HE 434
8lo] AFE38L% 1, Crossover @AkALs} Mutation GAHAE 71€9] W<l 17 (one-point) A 4H11]
7 AU AHB]L AHEEE .
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T Qer, <3 1>9 vhA%
AtsE T2y AAR} o

X

<aY 1>& B ATolA AAE IGAY ALARE R
BHRo|A Ab£3 FFZ7(Termination condition)& HHE g
g AAs F= $HS gl o
%mprovement Genetic Algorithm(IGA)
for( 5 ;)
{

rif

initialize population;
evaluate population;
for( 5 ;)

for( j=1,2,",p0)
{ if (not g;) recreate string;
else break;

reproduction among population;
crossover parents,
for( ; ;)

for( j=1,2,,p)
{ if (not g;) recreate string;
else break;

}
mutate parents,
for( ; ;)

for( 7=1,2,",p)
{ if (not g;) recreate string;
else break;

}

generate new_population

sort population and new_population;
population = new_population;

if { termination condition ) break;

}

<a2¥ 1> AAE FAAUIAGA)9] ANHA

4. Aeld T

A AT E ZIALAHES} 2l go] AMgsHE ZIAEHYI A AQA(Optimal
design of gear train) 2@ ¢+2 &7 224 A (Optimal design of pressure vessel) 2 4& A
Alstgon ols ¥ 2dL y|&Ed A%E HAZ JIPEL ol &3 L st oln] FEAY] W
ol B AFoA AMAG IGAsHY] v - E4o] 7hEdin)

B QFoa e IGAE IBM E87)F 7 FHPentium-166MHz, RAM : 32M)el A
Visual Basic® °]| €3l Z 27" (Programming)3}t$ .

41 g =4 1

<13 2> Gear Train® #2228 RoF1 9ot o] Zd L Sandgren[l4]e] A AE ROz
A7)0l A Gear €& vl &L A 7lestd EE FX&or HHe ag4E B + 3oy
Gear Train® Gear ¥ &2 4 (4)8} #Zol EAZMF3H.

I

6931 0.144279 (3)
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Gear ratio = — - (4)

<ag 2> 719 EdgY 2

A7l T, Ty T. T/e &% Gear A, B, C, Fo &4 Folot. uatA
To Ty, T. T/e BARTE 1899, Z Geardl ta] FY9 & 2A4 A4 (nteger) ol
o, 12784 6070 Abelel & sk HAARMSE T, T, T, T, & Z8 #HYY
1, X, %y 42 WERTF FH REdE vEtliE 4G9 2o

Minimize F(x) = ( ﬁ — —2% )2 5)
Subject to x; = 12 i=1,..,4
x; < 60 i=1,...4

AR 1& e HAFLHA-FRZ o] FofZ Y H2HEAR 7|EY TS IGAY
HEHARE <E 1> AABIAT.
<E 1> A Ed 19 A8 A

Methods| MINSLIP |IDCNLP| B&B SA GA IGA
X1 19 14 18 30 19 19
X2 16 29 22 15 16 16
X3 42 47 45 52 43 43
X4 50 59 60 60 49 49
F(x) (233 x 10']45x10°|5.7x10° (236 x10°®2.7x10 *#|2.7x10 *

<E 1> A#Hzd LohE(12]e] &&= MINSLIP(Mixed Integer Nonlinear Sequential
Linearization Programming Algorithm)& o] &3tH oL} v AEFAE A3 A HE
F HAHyo e FepyeEle AAE xdso 93 HA P wA vge ddo] dvh

FuZ(4]9] #-¢ 2 2= IDCNLP(Integer—discrete-continuous non-linear programming) %1
Z2 ol&3ld sAsH e, o] YH AvAH v AYAGH HEAA FTAHE F1
ov 74 slZ2gANAN VLMY g2 AYstEd AR F3H g o 2
37 WEeol 2ukE JdEEeRE FiA R @] gt

Sandgren[14]19) 97+ Branch and Bound®¥& o83 ov HE7ige S48 A
27 BExgue sidsrivt S3stcke ddel dth

2
[o]

AR
3

—

A EHG
28y Wu ¢ Chowl[15]9] | el A =) A & vl B} & 4 3] ¥ (Meta-genetic algorithm)-& 7] & <}

FREAN AEHE BE R85 28 AY ASY 4% Ads 5EATe 2A R
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gtk @lE Btstd 71EY FAEEY A ES(Genetic Parameter)& AAAAZ 2=

(Code)3t A0 frAsiyelnt ARt B d79 IGAE Je9 A7) @ 25 wapdol g : 04,
Eddolg 1 01, AdiF 1 2000022 & W AdFrt 74MdielA FHEAeH o Aie
Wust Chowe] @7Z#E Astne 7|&9] IdFEEY ¢ Hojd 4% & BdF1 JdSS
&+ 3ok

-

g IGAE 7129 S48 dal Wu $ol AAS #¥e ANA 21 wA 98 =
£¢ RS FAsel ANG AAd ARG Wush Chows] dT2sh 2 34
Be =237 WEol o Bosin, 524 JEoRn & & A

42 Alg=2 2
ot 8 &7 (Pressure Vesse)= AFo] dojues ¢ 2 228 7|Eo2 dAsed 2 +

%¥ Sandgren[l4]el AAP Ly <28 3>9 ey ot

P 7 :T— ,’/ 47’“(—'\ T
A B L £ i
Fi 4 Ly # %
Ldf—— by
NGV AR \J
NS . N\

<29 3> gFLrY F=
AAYEFE 8719 AALYed Had X Folr, tpg3 Zo] FAHAL)

Find X = [T, T, R L17
= [x1.x2.x3,x4]T

T ¥ 292 oteist Zrh
Minimize  F(x) = 1.7781 x5 +0.6224 x,x3%, + 3.1661x%x, + 19.84x%x;

Subject to
Gi(X) = x4 — 240 <0

Gy (X) x — 1.1 20
Gy(X) = x, — 0.0193x3 = 0
Gi(X) = x — 0.00954x3 = 0
Gs(X) = % — 0.6 =

G0 = mibx, + Fadd - T0X1728 = 0

o] R BF 409 dANFLIE AR vAE HA3 Az dAMS x,x
oAb AW Foln],  0.0625 A Sl = (Integer multiples)E& 72tk xy, 1 ©

dAE7le FAZENES Hadste Aot
22 ok - ASEANSIE M2 3 EFHAE ZA s ATl ALE
GAE A83te 71&e] AT EF vl - BHF Zol <F 2>9 AAH 3t
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<E 2> AM¥bEd 2 o HEAR

Methods IDCNLP B&B GA 1GA
x((Ts) (inch) 1125 1125 1.125 1.125
x2(Th) (inch) 0.625 0625 0.625 0.625
x3(R) (inch) 48.3807 48.97 58.1978 58.2901
xs(L) (inch) 111.7449 106.72 44.2930 43.6930

i(x) -0.191250 -0.179 | -0.001782 | -0.00000107
gi(x) —0.163449 -0.1578 | -0.069793 | -0.068912446
2i(x) -75.8750 -30 | -974.5829 -0.41506
gi(x) -128.2551 -133.284 | -195.7070 -196.307
F(X) 8048.619 7982.5 7207.49 7197.03

<# 2>9] IDCNLP(Integer - discrete - continuous non-linear programming) &1 8 &L
Fugldle] AAT Az o] g2 AlAED 19 A9 vpaArpz 27|48 H49 e A
AetEd ool o} AFH HHHP FRHEA 2™, Sandgren(14]®] A+= Branch and
bound€ ©]-&3te] HE Tt YA HE7YPe EAG Z7IGHAAE HAA noded FE
& gl WEe] T2 FAAgA AA ew ARFNEY o €& AFITHE 9
grstoiol st EAle] TR AR AP WY AFHAH] EFr] i mhFH 2
7teAel A Wu $(15]9 d7dAE vgFHAEE o] &3tAAT V&Y AT ER w3
Az AG9H HHA wA o e HE FIA R ok :

tde] B e IGARYY Z7] & 25 wAROlE 104, EA™MOlE 1 015 Aus
43000 M= Mgt 17108 A0 A E2 Egho] 7197.0322 7j&Ee] AFERT W 58
e FaAh ol AL V&Y F AT EF AR +£HGAAT IGAE e o %
Ag HE3tn s FHALS AR WECd FBS AHE AXNA FAME o +F
e 78 F AdTtn FAEG

<a% 4>F AEEE 26 g8 IGAE A &3t e FEESE 2o F12 U

Fix)
7.4

Thousands

A P S T R S S S S
1 2 X 4 S 190 20 34 40 60 8010ATIA6A IR 1 RTRETCTOMATOS TEeed

Gogneration

<IY 4> IGAE o} &% Aldrd 29 &E3A
5 28

2 d7dAe 7IALA A 2AE A7) A% hdE FAR Agel 1 FHo
Atk 7IAEA HAHGEAE Aot B AFHEARFI EFHA ALEEY AN A
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T AAE 87387 dE A et vd¥EA B4t diREoln o) vHY A
ARzt AHEE Z1AEA HHFEAE 7€) AFES T3 AAHe gAW EAY FH
o R w2t 2 Lol dvke gl AUk
AR & dFdAM AANY M2 FAAEE 7€ FHNE HeA RAdos AHy 2
2 EZE gulg AAT ez A FEY FH A HEt5ste FHel U
T TR A TR ZALA AHHEAN H & 2 FEAE LA
AP AHEHE AT EFE(EAY U, AL, Ed¥lE, F99 77, Ay}
T Adis, AR Ev)"'ﬂ ot I gEe 2O ¥Edx HE Fatedel ofF uzsA W)
. 283, AdE A oA E AFzBE golvs e AAE ARANINT 97
Aol I Rojute BAE A=AER vl g ALAAIE D=7 Ao)rt YA A9
ol A
o]

fll

ol /HA e tFAdel e FAAL

A olfr2 FAMH 3o PeF T4 HHEAL AFsE AT FRFd s
o},
1o E 3
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