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A Study on Improved Genetic Algorithm to slove
Nonlinear Optimization Problems

Bung-hun Woo* - Jung-jin Ha**

ABSTRACT

Genetic Algorithms have been successfully applied to various problems (for example, engin-

eering design problems with a mix of continuous, integer and discrete design variables) that

could not have been readily solved with traditional computational techniques.

But, several problems for which conventional Genetic Algorithms are ill defined are prema-

ture convergence of solution and application of exterior penalty function,

Therefore, we developed an Improved Genetic Algorithms(IGAs) to solve above two

problems. As a case study, IGAs is applied to several nonlinear optimization problems and

it is proved that this algorithm is very useful and efficient in comparison with traditional

methods and conventional Genetic Algorithm.
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Azt Sl AAMSEC 4 (Integer),
44 (Real number) E& o] 4] (Discrete val-
ue)& 7 7HAW Atzdn B Mz
EFH HHAE e 2§ HIHF £A
(Combinational optimal problem), «j&7je =
2# 2 A (Local optimum)o] ERst= 7o A
¥ H#HF(Global optimum)E& T3He A,
a8 o5& 34 (Multi-objective function) <]
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AAA HAE JFe 5&3Y +
€ olA7x anHez AL F e el
AEE A g1 e ARtk
olg{gt FAIFE HuH A Ao F T
9lE 912X % (Artificial intelligence) 2| 3 7]¥
ol §AL )& (Genetic algorithm)eo] ZHZo
gurs] d7=a ok [4]
fFRgnYES AdA WA uge
HAs o g g4 gdugFe itz v
79 ZAE g adHoz FHErHE3t
nd AP HHA e HE 7T
Atk FAHol gtk AW &S FA¢n
AAA THHT Jde AR WHTE,
wee] 0y, g X dY FEX
, 93 ¢iuket (Exterior penalty function
method) o] Zdoll thgh 7] oA 7tA] FE 5}
g2 e Aeloln, o g4 mFo HFs
sg@slx 28l 24 #F A (Local optimum)ol
o) 434 4% (Premature convergence)¥ o] A
{2 & (Global optimal solution)& T3}#] %

Ste A% Aok wekA B dddMe o]
Z9 fALEF TFA AV H e
Bowbstew o] xQlEAIS} nds FRANS
Mg FALdae]Z(Improved genetic algor-
ithm ; IGA)& AAEH L, ol 371A9 H]
M HHFEA ) FH L3t B AN LI
IGAY FEAS dFstux gt

2 A3 A" IGAE IBM 387E<
486 DX2-50, RAM : 4M oA C Language
(Turbo-C, Version 2.0)& ©o]§3ld =2y
(Programming) &} 31 v+
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2. RHYDIR|E
(Genetic Algorithms)

A QaNEe AuAY Adi= (Natural
selection) & 2 A & (Survival of the fitness)
o YelE o] &3 HHg 7MY & oz A

& A (New population) 2 HA & mo] o]
A (0Old population)old F& 23 gFae 7}
e WA (String) 7} st £ 1 OM}-"J T
(Offspring) & wtee=ddd o &
i JjFelg dthe Aol 7
[10] olai3 fA%EFE
o} 9] AFHE] MY
%, AAR ANHLe ‘31 FetEoteAe Gold-
berg[7]el o8] 7} Aol st HA A

A7 Hx2 AEd 01 < Aol Hoj o3
Ak,

FARuYEE 2349 ol BT 433
oM Ay HHHE & T FAEe 7
Wol7] wiie] B2 HopilA ofF EFHHo|aL
fasidn Fysold gton[9], et 22
£4o] sich. [9][16]
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(1) 242 AS(Code)E Al
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A 1A o1, 3

S, Axsd Aeels
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cision) & ol &8te] ANG F7h A7) W] W
2o 2R gee) gelol Aoke v e,
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NAY HRseA HES A9 AN fALAZY A7 %

(2) Ch EA4Xel SAIEA

71E9] g2 HA43) 7y E gads 4%
37] 98 /W70 A (Point-to-point) ¥H-& A3}
=d, oA o#she shss(Multi feasible
solution) Sl X HAHs|& A Ratn FEHY
(Local) #fol Z&=le= 84S 72 At 8
AT FAGnFAN e & A gao] opd
o gadel A Population)ol A Zwaie
A3 A (Diversity)S FASHA 53
FHAERS] FRE w@sy] fE] Ao
HA o =9 gEo] ¢ A,

(3) HItEol Mo BEHQ

Aze) HA3 PHBANE SP4E FE)
oF s gol A da ¥ Fug
Yoz 9 Jed, o 247 Fold e
Bag A4S olZe] Wthe o] B4 Lol
ARe gor Aol BANE B o
o SAT fALuAFE 2 Fusel g A
FzUS 1AW BAYF gue Yaz s
Ao te JuE 27 Loz G B
MHe Fgol s,

(4) CI 7187 28

FALTAZY AAGY 5% SARA %
g2 2 o 7YY FASAL 2E OE 497
A7sk 71gs 2@sel £§ L2 F(Hybrid

genetic algorithm) & F&& 7} gtk

Ho
2o
ne

1YEL 31149 9 (Domain-independent)

AA AYs7] d&o EF§ HEgA ZANA
olF He Arw glow Hrh o|RL g
HIEAE HIFE F YA & ok

(6) Xl EMT|H (Robustness)

o] & 28 (Calculus-based method) W& o
€8 A o}F ojgu BsAT fAY
LEFS HAEHA WA INNE 7Y
g Y o] k.

(7) &&= 80| 7= (Probabilistic transition

rule)

FRAGrES FHAHY 3 (Deterministic
rule)& Abg3te ol ofleEr RS MYy
(Ramdom selection) & =72 3t 53 oA

o #3g AHgsm Ank,

olgg FALnF T A WA A
3¢ WS AANSFY st 2
(Initial population)& #29 2 WA T2 o]&
A2g BAYSl ddstel 14Uy FHaE
T A7IA PR HHHE FA AR
(Genetic operator)$l | (Reproduction), @3}
#o|(Crossover), &<d¥o](Mutation)5< £l
A3z g (Fitness function)d] <& Hr71=3
e A9 FE AE(Offspring) & A §ck
" A& JEE oA EF gty
A el HAHE Tk o] AHFL A% w
g3t AHs7 YW Fx3d), agm AL
1 FY PEHE FAE Faste =3 (Stop-
ping condition)dl& ¥EHE MU$4E =z
BEAZAA vlE] HBs F= Sy EH5s
#ol ARF T oj= Hr F£Fd Ty
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FRGE PEse VAR gol AgHT A8 el 9o

Random generation of initial

population
[

v

> Reproduction

l

Crossover operation

Fitness scaling operation l

Nlutation operation

!
Generation of new population
{
No Stopping
condition
Yes |
End
a1y Yol R dmeE|Ee EEX
Wust Chow(16]& olibiS=9l AFHyrt & HAFE sle 1 4o A JdFE A
e JHJEA NN 7E FALGLHES 1, Gupta[9]% GT(Group technology)olA ¢l
M A7l Meta genetic algorithm& A A8l o, A A Z(Cellular manufacturing) AAEA o
Rajeev[14]¥& o)4tatwi4=(Discrete sizing vari- & Fastgoen, Hondt Chifll]le GTolA 9
able) & o] &sld 723 33} A (Structural BZ(Part family) FAEA A daiA a7
optimization problem)o] w3 FALGuEF9 932, Fang5[5]¢ Job shop scheduling?] #34
Aee dApsyz, Lin[12]2 ol4kxi9}t A4t EAd gt FALnEFe] HEAEE T
23 HREAEA(Mixed discrete-integer Eahgoh,
optimal design problem)d] g3 FHAY A o2 H[3]e 71&9 fFALIEF 9
2 pestant. Grefenstette[8]E AL E =2} Z715E @]l Yehdenl o]&
o ojgt HA QAN AHLEe AAYTY A7 FARsted 2" gy (Direct search method) 7

7bA 23 dis 22 8 deE dyes FALnYES AFS EFE (Hybrid) HHst
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CARE AL 4
FHe AAEA A71sH1]e vdE 9ds
g < A8

o EA RS §HLT
O

iy
, 83 54]& 7IA-RETHHEAN &

AR, 71E #ALLEL2 V1R om A
Z70] gl HH3l FAd HEEHY AfzHo)
Ae A3 BAE A5 de AgzA
< AR AoE TE O FALTYEE F
&3t Azt Atk 7]E9] FAL e FNA
© AE HAGez TEY] A Goldberg
[7]& ollel 2(1), (2= zZ& dRAurgteel
uk A B A 4= (Penalty coefficient) »& AF&3l1
e, Lin[12)& ool 4(3), (4), (5), (6),
()M} o] $ubeA 8H4=(Bounded penalty
function) r& AME3TE 4 (6)oA Ge 4
()9 siutgte] g1, (gi2e 2(2)9 Iy gL
ojujo|t},

F=f- rz T, (1)
I, = (MAX(g, 0))? (2)
F=f+P (3)
P=G if GsL (4)
L = «G-L) it G>L (5)
G = rlgjl<g,->2 )
L = pF, (7)
NE2A )
F:A%= 9%

fEAYEr

v . S| s Al 4= (Penalty coefficient)

g FEAFEr

p:gd AT

P : $}utaH(Penalty term)

F, : Ag=gsy gt

L : $1uH(Penalty) ¢ #7] (Limit value)
a: AFoE HEste 71e7]

ay, ol d M e u3H 2 EAY
o] 3.

(1) AF 29 el e AHPBAS &
& Awr@AgE vl A A Gz FIa
A Hed dAAH BANA v HEHA FE
B AR goz 7 A%xAN 2P ¥
gl et dids] 2 gE dgFez s 9l
o (dEEH #8353 F[4]9 =R 79 @&
€ 100022 F3 31th).[7]

(2) «& B3t Ad oF 53 #F3¢] Q1o
oA £y g qEA F3 A

meby 2 ApdMe AgzAg vAgGzd
o2 w57 98 4A Programming 7o) A
AtzAE ¥F f ZAFoE Aty Aoz
A& golue MAe ARHAA AfzAL T
£ 742 NHES g Yo

olg| g WL ALY AS, dEET Az
o] %3 =g AgzAL Holue AA
Bol Y & & on, 3 HAA gAgE
AA &7t dHdE 7HsEH(Feasible space)o]
A she GAu7E oA gt A} Bol
AA HEEFQ FHo] Y& Aolet HAHA
AA f XUELE AFXAE Ay T2
Y 234 AFHY Heled FHos wE &
=2 4% dAEY] g syl ¢3E skE
F7o] Aoz ¥E EA7F JA Yt
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A2 BERE

watA A kzzel e HHsE Aotz
gaglol AFHE g 7] o 48T
7ol gl fudEAsT T2 JNSAdT v
% AFHR7 27 oF AYAAT

4, 71&9 fFALdngIdMe s g4F
o @9 AF=st & A 2AYE F
olg JMAEo]l HA oA ofF & H&E A
AsHA = olZo] n s FEE A Hol T
FHoz F3tuz e HFNE S F fUe
A7 A7Ie, wd HHHE Fer dodx 2
HAHE =&3ted A7iztel 2X FES AW
7} Egof rie o] Ak

by Fatazr she HAHH Y AASE =71
M E 583 AAd dFg Aol Bedn
2 dFdMEe o& s APz WAR(Fitness
scaling) & Ak & 4o 1 dE AA
AAAE N2 AAE Hrtetd, AFxdE WF
&= £3I0W o] NAE FAAZ thA] HAA
A AF7Fste dAE BEIA L, AdxAS T
30y Hgx HEe 3R ¥i oS dAR
2 AP E AU

A9} o] AdzAL VFEA Y H9
Pate Jgx TS FHAFN daf FPAS
gao] 7hdtn wEba se] gAelA i 9
Z717384S $A 1, AA dFE =
FEE AUE AXNA GuME WA FHH
L2 3.

A, 7129 AL ES FEH A9 $
&7] Eo ot e A&(Offspring) & A4
sted ol o)A AE(Old population)ol F&
HAPEE A AA EAsrise dSA el
A AG3HA AT Hrtso] RS AR A
dgog ojAAGA & HHs e &%
o] th& &MU HEHA ¢4& FE Utk F
MAEL Zzaddes o2 HPAA AL

g ¥ste AAY FREEFT o3 A
o2 943 AAT st dHEA %
A4St B4 FE o, W 487
R AAES g2 A A&std FAAZL
24 FAdoA da] dojn FE gAEA
go] Axole HFHHAE FA Eie A4E ¥
A3,

el ol gt EAHE MAdsy] At B
Aol e oM Hne HYEE FHE
el AAE Rz g Mol A&
N NYHTE 3t oAyl AXg o&
Aol AEFdA Mg A ARe Y
(Sorting) 8t & FAYTE JMAE €L
Qg Aeste] 2L AEARE BEs Y
AH&-EH At

(2% 20 2 d7A A IGAY A F
A2 3EEE B3 HoFy glon, 3ERY
opA)et BRI M ALGE FERAL WHEEHE A
Heg Z2addAgdA v 438 F= W
HE g3t glth

=

tio

4. At A

Model 1 : Goldstein-Price 3+[1]
Objective function
Minimize F(x) = [1+(x,+x,+1)2(19—14x,
+ 3x2 — 4%, + 6x, x, + 3x.2)]
X [30+ (2, — 3x,) (18— 32x,-+12x,2
+ 48%,—36 x, x, + 27x7%)]
Subject to —2.0 < x, < 2.0
—-2.0< x, £2.0
o2 2E (3] 99 Model 1& ¢ &3td 71E4]
sHALd e Z3 Hooke & Jeeves[13]9] A A"

A (Direct search method), ©] F714 siy&



3% HIK A HAFEA Y] A2 A ANE fALnYEY AF 103

Random generation of initial
pupulation
{
l Evaluation of fitness l
i

Sl]hi(’(‘ t o I\
) .
/

Yes |
[ Gencration of old population l
l
—> Crossover operation
L
l Evaluation of fitness l < 1

} Regeneration of string

- S N
- Subject to °

~

~——
Yes |
I Mutation operation —I
!
[ Evaluation of fitness < —]
i Regeneration of string

No
< Subject to
\‘_——_/

Yes |
Generation of new population
4
Sort of o!d and new population

‘
. / ) ~.
No —~ Stopping ~
T~ condition _—
;—-/

Yes |

End

(a8 2) JhME R gD2IE(IcA) 52
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ZA%st g e d(Hybrid model) & #)A13te 1]
Ao gL 2d S

W, BN Hapy B

AFEEle 1 AgAnE vuste (E D AA
a3t

(¥ 1> Optimal solution of Model 1

. Hooke & Jeeves )
Genet H
enf.: ¢ Direct Search ybrid IGA | Type of Variables
Algorithm method
Method
% -0.01 0.00 1.19 —0.60 0.00 0.00 continuous
x1 —-0.97 | —1.00 7.99 —-3.9 -1.00 | —-1.00 continuous
F(x) 3.52 3 840 30 2.99 3.00
run time(sec.) 3.9 5.8 0.03 0.03 0.32 0.3
population size 200 200 100 10
.
generation 20 20 10 "
number
starting points 0.5, 05| -0.5 -0,5
step size, 0.3 0.3
time(sec)

(E 1) 23Z 45 Hooke & Jeeves?]
ARGAR o A, Flx)atol Zrzt 8403 3022
T 3% 2% 32hARH WA HHHE FA
Z2atqoh A 2 dAqoA e IGAS] 73
2 (Aol z7)(Population size) : 10, T2}Ho]
0.4, E¥ol&(Mutation
: 0.1, A 2(Generation number) : 30 )
Aok 7t 14 AN A x, = 0.00 x, = —1.009
o, A& 3.000] 0.3%%] dojFed oA

& (Crossover rate) :

rate)

Ee FALRLEZ % g 49z, e
o 27), M5l BB S5, BT
[3]o] ANE ERds Nnss A e

Ane =2uA Ao} 2719 3
B Y

39 10 =

Model 2 : Design problem of a Gear Train
(1Y 3)& Sandgren[15]°] A Al & Gear

Traing 728 BroFn ok 7)o A Gear
(£2)8 &2 1/6.931(=0.144279) 3} 7} 53tH

222 &As ok ) Gear Train?] Gear¥]-&
=3 2o
. T:T,
Gear ratio = -+
ar ratio T

7NN T, Ty, Ts T2 27+ Gear A, B, D,
Fo §49 Fojth. bt T, T, Ty, T2 A
Ad4sz e, 7 Geard ts FUY F=
A 4(Integer) o] v}, 1270 A 6070 Ateldl &
pRoh AN HAWESF T, T, T, T, &
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F
Follower
Driver

(I8 3) Gear train®] =

E x, X, %, 02 HBEYE U5 o

Find X=[T;, Ty To T, =[x, %, %3, %,
F8 3 29 v goh
Objective function
Minimize F(x) = (‘— _ 2

Subject to x; > 12 i=1,-,4
xn <60 1=1-4

Model 2014 AA zds 283 HAs
(E 20 AAEHRLH, (E 2)& B9 7]E 1)
Ay oli AH4A Y (Nonlinear integer dis-
crete programming)& ©]-£3%F Sandgren[15]9]
A7 Y BF-olih-AdEAYH (Mixed in-
teger - discrete - continuous programming) &
o] 43 Fu et al. [6]9] AFTolr w3 HA s
Bt} Meta-genetic algorithm& o] &3 Wu $
Chow(16]9] 79 ¥ AT A M2d IGA(H
©e] A7) 1 40, LAl 1 0.4, EGE)E ¢
0.15, Aldl= @ 3000)7F Al 4= @ 5274 ol A 3

Aalg Fohed o Hold 4%5e BT 9

& ¢ # dd. 284 Wu & Chows] A7
A AN & Meta-genetic algorithme 7]&¢ &
AdangEolA ALEEHE ZE parameters9 &
e AR A" A9 HAH8 O] paramater
< % L FE vhe 9HE BeEo 7E9
g g2 Genetic Parameterg String 2}
A2 Codest AZ FAYYZold), AL &
AT IGAE 71&9 fALngFo d& olg
g AYEE AR g3 G 2R w5 g
& FHsd ANE AHE FALRAZORA

Wus} Chowe] 9729} 22 A& &3}
A7) W2 o e, &34 7iyelx
& 4 Qi

Model 3 : Design Problem of a Pressure

Vessel

Sandgren[15]¢] A|A]
gorn (2d o e Stk dANFe
Vessel®] Alokol] a3k x)4=0]n, of-g3l 7o)
FEA A,

Pressure Vessel 7+Z&

Find X=[T,, T, R, L]"=[x, %, %, x,I"
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(¥ 2) Optimal solution of Model 2

Sandgen Fu et al. Wu & Chow IGA Type of Variables
X 18 14 19 19 integer
X, 22 29 16 16 integer
X3 45 47 43 43 integer
X, 60 59 49 49 integer
F(x) 5.7x107° 45%x107° 2.7x107"% 2.7x107"
¥
T, ;n
R / R
h L >

(33 4) Pressure vessel®] 7=

E ¥ $4= Pressure Vesseld] A ZH &&
HAaglste Aot AAYMF v, x oAtHT
(Discrete variables) o] I, 0.0625 % 4=u 4(In-
teger multiples) & 71AH, x, x+ I&WESF
(Continuous variables) o]t}

olof] gt el & wdd ofef gt gt

Objective function

Minimize F(x) = 0.6224 x, x; x, + 1.7781
%, 25 + 3.1661 ) x, + 19.84 7 x
Subject to G(X) = x, - 0.0193 %, = 0

G,(X) = x,- 000954 x;, > 0
GX) = ndn+4nn

— 750 X 1728 =2 0

GX)=—x+240 20
GE(X) =X - 1.1>0
GG(X) =X, — 06 =0

ol 4 & ofdt- A&WFVL NE EFdE =
g¥H 3 BAd IGAS H &ty 7129 dFE
o u - BN A KE 3D 2ok

(& 3)9} Fu et al. [6]9] Z3= IDCNLP(In-
teger-discrete-continuous non-linear program-
ming) &3 EFE ol &3t AAsAed, o ¥
We dutHQ wMFALY HAEA A A
g Fa Jdeon A fAFFANM 2IAHHy
9 g Mgst=d oz gol 2tk Sandgren
[15]9] Z3= B X378 (Branch and bound)
S ol g3ty g T AT HEVIMY F
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{# 3> Optimal solution of Model 3
Fu et al. Sandgren IGA Type of Variables

X 1.125 1.125 1.125 discrete

X, 0.625 0.625 0.625 discrete

X; 48.3807 48.97 58.2901 ' continuous

X, 111.7449 106.72 43,6930 continuous

F(X) 8048.619 7982.5 7197.73

4 2713 d A= AA noded) 5 & 4 ¢l |5 g e FEH oy E AL V&Y

58
e T2ad AN A4 BeaF A3 F AT 2§ 232 £P494P IGAE o

o

FUETG ¥ ¥ ARTHE v Frateof 9 FdE d8stn s FIEYE A

3o, =AY R A- B AU HEAAY 71 A3 Age W@ AR W v

of £yl Wi maFEe] g tedel A H wE A SR AdE AXA daA
o =d 5% g 72 7 A}k
HhEe) 2 o] IGA(HE] 271 @ 30, 2# (29 5% Model 39] IGAE # &3t Ao
Mol 1 0.9, Eddol& : 0.15 A+ : 5000) 7t Wl wa Ao sdte @4 B

ol = A7 1721 Ao A F(x) : 7197. 73 273 gl
0.8 7129 Fus# Sandgreno] 33t & Ht}

Fl

F(x)

Thousands

7.4

L i 2 : ! L ! L : L L g . . : 1

Ut
t 2 3 4

S 19 20 34 40 68 39191 TA 5@ F021 RSRIFORI0ES5 IS AT 908903 8215 FPS AT 0N

Generation

{38! 5) IGAE 0|23} Model 32| &= 5] EfAYDIN
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5. &4&

HAIIY L 71EY BE dFEdA I
Rew ZFstE 7ol s o] AMEE I gl
AT AR FEHAALA NN dAWSs ¥
7 A, o], 84522 AE EFH ALE
He 497t gl dEsd, F A9 5598
dAste g Avle 2E oAU FI=
AaA leH, AMRH e e Fe Ad
T2 FAH A& Ao, ol s AAAFE]
M2 T HAHHE 3t 2FHHE A
(Combinational optimization problem)¥ ©¢}3
AYstE 7ol =EHA &1 Ue dA ol
FRGRHFS AFAY AE PR 2
3til gloo WMo He(dEEH o]at, A,
AEAF) 7 A7 MR 2EH AMEE A S
o
o

X

A HAH @A duFor H
B2 S&Eok A& F& AAE £F3L
At AR 71EY] FRYDYFANANE AGxE
o] de HAsE FA o s o F9iksts(Ex-
terior penalty function)E =938t A kzA0)
e #HH3g ZAZ HYsto g Ik a9
U Awstr YA AR o I utdaA sl
da] QA 3] Uz, FA wet Y=
H 8H(Fitness scaling)g & A&ste pala
U= Aol
oy g FAHE HAs] 93 & AFeMe
Adzd AAE if ZARLE A st mEd
ojnj e} R AW =S A SRR, 2+ A4t
vttt AAE AGrtete] APz HEQO]l ALY
S AEAT. 2 Ay gAFz Ui
FHE gAo] shsate o gAdA 7}]*1]«1
ngs FEHESE BAS L A dIEE
o FEES AUYE AXA M= w2A 5134
o) TEsleE g en, 371X 249 (Model 1

2 EEHE
A&, Model 2 : ¥, Model 3 : &

FEPIE ANl 5 1A
Model 191 ¥HolHE 2 @FNM AR

IGA7I¥o] 7189 AL FZH} HYPATL,
) 27], AdasaA 4738 580 45
ST, Model 29] EHAME 71E ArFAA
$43 g =238 Wust Chow(l6]e A9
Hlast e FUg Ao AHHE A& + U
At 53] Model 3& AAWF Fefrh o] 2bid
ot d&Wart EEE 2AAHFS EAR 2
AT AAF IGAZIHC] 71&9 A ATE
(6][15]e1A AA& the gaziFe) ALdnn
O 9 Hojd dg 72 7 USS BoF A

1 EAvi B4 o] i,

A7), dgste A
At = HHa g T3t
ol o} WZsA 1 gro] WadY. wetA
oleid FAE WAty e 2 AN AL
g IGAd A& Az S Hojve dH9 AA
€ ARAANTIZ 7] mEel 2 giolus WS
£ o=AER st mt ARATE =
7b 2ol7t UA =M, o]Zlo] AA 9] thggel %
s FA gor fHdugFd AHgEHE ZE
#HEE HE 2oz daNA HPT 5 3

AAE F=3te Aol A% d7aA T

5]
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