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Optimization Using Gnetic Algorithms and Simulated Annealing

Jungsun Park, Miran Ryu
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Abstract

Genetic algorithm is modelled on natural evolution and simulated annealing is based on the

simulation of thermal annealing. Both genetic algorithm

So they can find global optimum values. For compare e

and simulated annealing are stochastic method.

fficiency of SA and GA's, some function value

was maximized. In the result, that was a little better than GA's.
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1960t e st HHg FAE sidE] ¢
o] AAANES FUld FrgdSE iy
o] &t} olelg duelFoEs fHa dag
& (genetic algorithm), %3t HF(evolution
strategies), AlE#ClEHE o d¥ (simulated
annealing), EFF-EA(tabu search)%ol alul.
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2.2 4 ALK}

FAR LaEFe nAdE Yolg oz AEd
S Az AHEslY, HB(selection), =)
(crossover), Wol(mutation)&te Al 7Hx /A
& FRFeIN HHE = duy ol
A A axE AR GaFdA shg sjE
o] HE A4tA}(operator)Eolt},

2.2.1 M= (setection)

A0 2 He3 ANEL Moldu FH$3A
22 Mg =H@tE A MY(natural
selection) @42 =gl dakriolt),

Aas Age Pgo) g oA =1,
FE o ¥ AAESo gIAU=z ’\‘jE"
2 g, A9 ez o7 A4A =2
o] =AEAY. dutdoz g AMgH=
A & 2 (elitism), 2oy &
F RE A8y, 4% E¥E 4€, ZA
(tournament) A £ V9 (roulette
9

selection)%°]

@_a%w] o) 2=

Za4 GAAEL B2 APEE R F
gg3 7l§le A, 8 £5§ 7143
2L A Ak weldME £ &
| 1% o) 7kxl WS AAH

. @ Wull(simple crossover), 54 T

)
2
9'1_“

N

39 M1 > 32 ok o
£odu 3 orir mlo fu
Ay
s

vl (multi-point crossover), oY xH}(uniform
crossover), FEIIuu), ¢Amul, Fr)ulv)

Sol e,

2.2.3 #0[(mutation)

Az wu) AL B3 98 T s AR
dsste FAolt. HFe FE(p, )l ol
o] AL M &M ANE YElHEE,
< Jgzz FEAL e
o} wlojo} & AMAELS &

Aoy g e wole 9488 stAEY.

2 2 o E o

2.2.4 MeE #(fitness function)
Z NN AFY=E Hrksle gl H
A FA AR el AFE g5 AT 55
&4 (objective function)?t B F%= gou o
WH oz dXEiA gevh. FAS w7
AE9 HI=ZRE 2FHAXE FF el o
A7t 27 wEd 1% AP £ AboldA
SFrge Z2EE e, 4 dugs
o Ma JlFe= A4dte ZEIE FSE
A% 5 (fitness function)ghm 3o},
3. AIE80lEl = o{dd
3.1 Metropolis Algorithm
AEBHOEHE ojdy L olFiME & T A
o] 22139l E¢(anncaling)/NdS = A

Zde AT & A ooz fde Fo
HAl AAE mdste] WAAA e e R
i el A FxE 2 s ol

£9 FANA A2 ouA wse o
Y. Qe A AUAE ol Ty,

vz Wz ARE Adsted, dudxe A
(E,—E;) 7t 080k #AY god e &
Ao Aez wolsodA L, ouxel At 0n
o 3d, 2 A2EE A st Az F
HE A9 T= dn 233 & 7= do
o] AL Alx®o] okg® Az 2YE wrt
A A&Ho v 2 FElvich T

exp(———E;;fj ) (D

Aee odzx, EE H9SdEe
AL metropolis criterionolgt 3}
2 metropolis algorithmolg} &},

Exuot B ¥(Boltzmann
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Pr{X=1= Z(lT) exp( kBT) (2)

o 2D =T )

°of duFTAN FHHA WFRASL HH

3 A 942 A¥std Table 15 2}

Table 1 Transformation of physical and
optimal terminology

Thermodynamic oL
. . Optimization
Simulation

System States & Feasible Solutions

Energy & objective function
Change of State < Neighbouring Solution

Temperature & Control parameter

3.2 Simulated Annealing Algorithm

AlEEolHE oJdyge F23 HiwE
Aol(transition)7t 7153 EHgFE 2292
Brtste] e Faed, oy IdfE
A} A% g metropolis criteriono] <}3le] H}
",

A7 e exE 2Fse HHvly g £9
$tty. 229 acceptance probability: w3
2t

1
if A7)<A9)
P { accept j} = (3)
i) — A Z))

exp (L=

if A7)> A4

2APTE TN FAHaE 2= Aol

Initial solutio

Evaluate the solution
N
Accepted?
YE!

[Update the current solutior*

Generate JNO

! hange temperature?
a new solutiol 9 P

YES
I Decrease temperature ’

erminate the search

YES
Final solutio

Fig. 1 Flowchart of a standard simulated

annealing algorithm
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=

(penalty function)?] Hd& Z=dsle] B
Foad A 2de AN A=
X (penalty) & R#st1n, o] ¥dg #4A}
# 4 (pseudo—objective function)ol| ¥W+gE
A A 2] Yl EAZ HEss A

F=f+ BROE(X) @

o714
F A2 2 &4 (pseudo-object ive function)

(B A&k (objective function)

.
rﬂ

R, ¥4 s)2iv] (penalty parameter)

¢ 23 &4 (penalty function)

o(g) = <g>*
_ (g if g0
‘g ( 0 if g<0 )
g,;(X) A% = (constraint condition)
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2 dFMe BdAE F2EES HHF5]
o %%*1 A9 g8 [FAA gaueEHd Alg
gl o} old® & Al&ste] Hdjsksiaint,
Maximize

Axy,%9)=21.5+x + sin(4rx;) ©
+ x, - sin (207xy)
Subject to
—-3.0<5x,<12.1 (7)
4.1<%x,<5.8 (8)

AR €nEEe aMlEE(p)e 0.25. E

( 018 AH&3&td 1004 )7

A HUFsHn, AEH)EE oldyge 272
= %

Fig. 2 Graph of the function f

d42 HAss A3 Fig. 39 Fig. 49 2

min F © max —F (5) o}
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st g ﬂtﬁﬂfﬂ AL 454thell A] 38.32958
T3 . AEFOHE ofdyge 4H 2k
sl s 38.6502994 g AU, 2BAW AE
dolg= ojdyge sl 2xREE 51y A
B2 ¥5E ArEA H7) BE) 438 s
g 288s AGE AR dndEH A9 2
Elg=g

P=0.25 p = 0.01

P NS 0 i

10 4 A

.

T -y T T v v
o 20 40 80 80 100
generation number

Fig. 3 Result of genetic algorithm

Fig. 4 Result of simulated annealing
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B ¥R 2o 2AY B@gAn FIEL
AA8sg.  sFe L =500 mm
ool 19 13 gol &

W=200 mm A <=
% gdd ®F 5 P= 200Nl /s
A4g ngstn, AF Are B 00 2 A4
CiSi=

Fig. 54 A= d3%d B4, = A%
#o FAEZ vedg, g e aE4e
Ael A 2Rz FA dAy Fukdd 47)
9] 8§ A3 4 QA(8node shell element)E 3l
AT, 84 HE(, 2, 3, )= ag1dA e}

2. 58 g9 (MHE SPAs 7229 2y
g HAHs=E 43 o}&’iq aga A =23
S2% shFol JRIAE HAYNA A
Tsai-Wu FE712S A8
Minimize
F=2=1A5'Xj'tj (9)
Subject to
4< X, <80 (10)
C, = vLWV;;—l <0 (1D
- 3 TWR()-1<0 (2
of 714 12,500 mm?, #;= 0.125 mm,

A
=84 9 ASF, we Fol 7t AA
AN HF, W, T 3Fol 7t R A Y
A A AF, TwFG) = Tsai-Wu F&E75, »
& 94 AF

L=500mm, W= 200mm
P=2000 N

Fig. 5 Composite Structure
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ole|= o d¥g ] AFAE Table 2 o] YehiAct.

Table 2 Result of composite structure

A5 =X

1 2 3 4 [(B9Cmmd)

GAl 28 25 20 14 271,875
SA124 18 &6 20 212,500

ko)

Al AHN {FAA daFy EHgS
A HE odP o BEXgsEtg 38 ¢
ATk, AR A BHOlHE ojdyge A$
Az @ndERE b24 ASF7F UK ah
ol A7 EATIE, 4HA LM TR
Folgdg wdn. #$AAF A FHolEE o dd
of AAxAE st A7t TASAT. o
A @gol TPske AL Y dAviEg @
2 HAsHA AHEEHA % 3371 wEolrt,
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P43

Frg 2 23z FEH A
FHolH = ﬂ‘éa L 51145} kol Wsghe
¢ F d5. 22U #4324 ndEL 46A g
A gol G, AEdolEE ojdg e 4
o] &= wWaiwto] s, a8n HHYE
FAA ¢nelFol vistd %3zt o F2 gE o
Bhdgt. mekd  ded geE &lﬁi}ﬁ}étﬂ-‘f
FHA4 dudFRgs AEHOIHE ojdygol
F5S ¢ F U

aFAL EFAE 72ES HAYg st 2
o 2 ol Adg:s F44 <xnyErt
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