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A Study for Improvement Effect of Paralleled Genetic Algorithm by Using Clustering

Computer System

Won Chang Lee*, Hwal Gyeong Seong  and Young Jong Back™

Abstract ]I

Among the optimization method, GA (genetic algorithm) is a very powerful searching method enough
to compete with design semsitivity analysis method. GA is very easy to apply, since it dose not require
any design sensitivity information. However, GA has been computationally not efficient due to huge repetitive

computation. In this study, parallel computation is adopted to improve computational efficiency. Paralleled
GA is introduced on a clustered LINUX based personal computer system

Key Words : GA(Genetic Algorithm, A& ¢312}-5), OS(Operating System, 3 3] 2-H A 4)) NIC(Network Interface Card, HIE =
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Table 1 Basic terms of genetic algorithm
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Fig. 2 Twenty-five member transmission tower

Minimize f(—;c)=zl',pA,-L,- )
Subject to
g0 =1u,l = u,<0
gp(D=1lv,l = 2,20 (5
g5 =lw;l — w,=<0

d ; i w; £ 7 uEk wojo) i
ghxjolt}, gl p £ AAY Hxoly A; ¥
Lyt 9 a9 wass 200,

o] A3 BAE FAA SudEL A 2497
9jste} 1248 2. & unconstrained optimization problem
o7 W3l A7t

F:f+7{2n(g112+ g2l g5 )]

714, r& W& paramateroll, {g} ¥ of
gob go] Hojdrh
[ 0, g=<0

F'& A4dgnr 9 58 22 ghg A8 94, &
Az damFeld #de 7Fo He HIE
(fitness) HH3E F45 a4 do A o3

o ¢

Zol Hgm7t godrh

- C,+ F’ (8)

g Cp 2 C, & #Hgxe a718 2437 4
8 AHEEE daolel & dFdA Co2E 50000]
AHEAT Cy 2E 10 AHEET 85 4 B4
(material property) 2.2 Table 27t AH§H U}

Table 2 Design data for 25-member transmission

tower
Load, kN (kips)
Node
X Y z

1 2.225(0.5) 0.0(0.0) 0.0(0.0)
2 2.225(0.5) 0.0(0.0) 0.0(0.0)
3 4.450(1.0) 44 .5(10.0) -2.225(-5.0)
4 0.0(0.0) 44.5(10.0) -2.225(-5.0)

Modulus of elasticity = 68.95 GPa(10® ksi)
Material density = 27.16 kN/m® (0.10 ib/in®
Upper 1imit on cross-sectional areas = None
Displacement limits at all nodes and

inall directions = 0.00889 m{0.35 in)

25709 EglA RAE Table 33 o] 7749 2
2 gAaln 24 35S 23 Z=9 1Y E@DbinE
WD (string)A A & 779 ES siE g 1719 AH=
e A4 QuaE FAZ xdslgnt. ol A% &
JFAA HEg HAESE Table 4949 29 0.1
HE 4.0 Alole] A&AQ o2 RE HE Hoh
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Table 3 Binary strings assigned to design group

) Binary
Design . .

Design variables string
group (bit)
1 X1 11
2 X2, X3, X4, X5 1
3 Xg, X7, X8, X9 1
4 X0, X1, X2, X13 11
5 X14, Xi5, X6, X17 "

6 X8, Xig, X0, Xai 11
7 X22, Xo3, X24, X25 11
Total 77 bits

Table 4 Selectable sizing variables(cross-sectional
area) for each topology

Topolo Cross-sectional area, (in’)
ay Group |Group|Group |Group |Group|Group |Group
(x) 1 2 3 4 5 6 7
1 0.1~4.0
Binary
string| 11 1 11 1 1 1 "
(bit)

10 -
9 I

Fitness
~
N

T T T
0 100 200 300 400 500

Generation

Fig. 3 Generaion-history of "most fitness” design for
twenty-five member transmission tower

o Ak LA & Aol AHgd WEE W
%*01 TzE HAztd A

Table 5 Comparison of topology results after 500

generations  (traditional and  paralleled

genetic algorithm)

Optimum topology, m’ (in?)

53 z7) 2ld vl ¢4 2A7)(random
number generator)?l 93 Y HW 2YG F7]+=
16022 3dx FAA Axg A3 uxHE
(crossover probability)2 0.85 24 23 IAE AlE
slgeon Edwo] TE(Mutation probability)<
0012 3t 58 a7 AAHES st 4
o FEFEL FHHLE AFEHAE HH oA
2 A o Fotd Fe el

HAEE

4. Hnp

A AYE B52
FERSIEL
1004t o &

E

A2 stHA ¢
8z Fig. 3 9
Bl YTt

Design
group traditional GA paralleled GA
0.0670E~04(0.0104787) 0.0670E-04(0.0104787)
1 4.70000E-04(0.728627) 4. 70000E-04(0.728627)
2 18.90095E~04(2.929653| 18.90095E-04(2.929653
3 ) )
4 3.22116E-04(0.499281) 3.22116E-04{ 0.499281)
5 4.51927E-04(0.700488) 4.51927E-04(0.700488)
6 4.85209E-04(0.752076) 4.85209E-04(0.752076)
7 22.38204E-04(3.469223| 22.38204E-04(3.469223
) )
Max.
Displ. 8.57504E-04(0.03376) 8.57504E-04(0.03376)
m (inch
Weight 2.086(468.7) 2.086(468.7)
kN (1b)

4 Az 71EY oA WA B AFAA 4
$8 9as Yot 43 54 ¥8e ¢ 4 4
1=

A4 Fnasel WA oy A4 A
932 59 444 2uY5Y 1HL Folt Aol
t}. Table 6& A G s Aol 1theS AL
$39e el F AN AR 3UE A UL
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o} & 94 A g YR Flol e
Table 6 Comparison of computing time
system
Reference only one pentium 3 node pentium
computer clustering compute
No. of
Design 7 7
Variables
9 hours 45 minutes 6 hours 10 minutes
Computation for for
al 500 generation 500 generation
Time { 160 chromosome per (160 chromosome per
Generation ) Generation)
Final
Weight, 2.086(468.7) 2.086(468.7)
kN (Ib)

iRl B S b

ol TR AR glele W

R AL

o
o] e e 37% A4

3 .
wol Aol $4 AL B

e g @ %o

th, vpz o g oy A}

Table 7 Comparison of topology resultstANSYS and
PladeFEM)

Design topology, m* ( in®)
proup ANSYS 5.6 PladeFEM
1 0.06451E-04(0.010) 0.06451E-04(0.010)
2 13.21029E-04(2.0476) 13.21029E-04(2.0476)
3 19.33221E-04( 2. 9965) 19.33221E-04(2.9965)
4 0.06451€-04(0.0100) 0.06451E-04(0.0100)
5 4.42128E-04(0.6853) 4.42128E-04(0.6853)
6 10.46255€-04(1.6217) 10.46255E-04(1.6217)
7 17.23351E-04(2.6712) 17.23351E-04(2.6712)
Max. Disp.
0.010409(0.40982) 0.010418(0.41017)
m (inch)
Max.
average
109.637(15.901) 109.492(15.880)
stress
MPa ( ksi)
Weight
2.445(549 .533) 2.445(549.533)
kN ( Ib)

PladeFEM(A A 7Hd3et f3a 4 &g Tz
#yel NA F3 8 6 Fig2d 25 84 EY2 B
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