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ABSTRACT

Among the optimization method, GA (genetic algorithm) is a very powerful searching method enough to

compete with design sensitivity 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.
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Table 1 Basic terms of genetic algorithm

g o | g
Chromosome HMH(RHEEE 2= HA)
Genes FUA(HEH oA )

Locus FHALe Ax|(MLAHHLL BF)
Alleles FEXGH( A M2 2
Phenotype EHE(AMME &)
Genotype TR (HAreHE o)
Crossover imbN3
Mutation E9Ho|
Population 2t
Fitness Hi4x
Encoding NS
Decoding A ALA

A2} @38 E(genetic algorithm:GA)l A &
Ade dxde Wdazy 3892, 2 YA
9] X7t FAAA "otz YA ZEA
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2.2.2 ;LiI'(Crossover)

WA= FEZE HE I AAY AR IR
< A3 NIANA N2 FAARE Z= 27H«l

MNAE AEA71E FAH el
FrRAAe dF {FAFRE A5 & A2
MAZE At ol 22 wate WHozE
17 2 X} (one-point crossover), T+ I ZF(multi-point
crossover) ¥ ¥ ¢ W A (uniform crossover)ZF ™ X
Holm olfol = AL Yoo o] AA
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crossover)?} FAAZF A& FE HE o n
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¥ Z 3w ak(blended crossover)Z7F AT
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2.2.3 & 0|(Mutation)
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NFS(network file system) A ¥ ¢} 1t 9] &
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A AR E I BAAEEE HolH Y HFS NFSAH
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Ro2A 2584 Eel2 TZE(twenty-five member
transmission tower)S o] A3} slod &G

331 EA =&

2584 E# A FZ(twenty-five member trans-
mission tower)’dl ¥ A& Fig. 2 o FRE
2dz dglen BEXFYFZE FREY FAF
o] Al HJL AMFRANLE FRE H3F o]
28 " oo W 9= (displacement) & & 3 o}

=,

Fig. 2 Twenty-five member transmission tower mode
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2570 Ed] A EAE Table 334 Zo] 7749
d§& 43 4 25& 2% =Y 1IYE
bit)Z W string)A A F 77YE Y widS 17
o AA=2 e FAA dnYgs BEAZ 2A3}

- 3 2 2 2 ]
Feref e+ et aa')] O gy o 4% 4 agan aee aqass
Table 4914 ¢t o] 0.17F 4.0 Ato] 9] A&
= s2HEY A9
A7NA, & ¥3 paramatero] 1L, {g} e oF gozwy A= dd.
At 2ol Aoj@rh
Table 3 Binary strings assigned to design group
.
g = { 0, £=0 @) Design . . m'c.lry
g, g>0 Design variables string
group i
(bit)
F'& &145}}% g e e HaA o, ! x 1
#0% 2TASAN BRA S)E] S A4S 2 e, X, X Xs !
E(fimess)= HAA 3 245 A4 frk maa,oh ) o X1, Yo, xa "
S3 ol Aexrt AoHAr), 4 X10, X11, X1z, X13 11
5 X4, X5, X16, X17 "
6 X1g, X19, X20, Xz21 1
F= L’ 7 X22, X23, Xo4, Xos 11
C, +F ®)
Total 77 bits
g, C, % C, & #4859y 37 248 4
X = o 2o A Come Table 4 Selectable sizing variables(cross-sectional
A= 11 A7l A 2522 5000 area) for each topology
A = A 51 =
o] Jﬁﬂﬁi C, i‘;ilol }%Qﬁ?.}z—-; Cross-sectional area, (in?)
% terial S E & Table 27} A Topol o
;iﬁ}g ¢ (material property) able p(x) oy Group|Group|Group|Group|Group|Group|Group
’ 1 2 3 4 5 6 7
. Lo 1 0.1 ~4.0
Table 2 Design data for 25-member transmission tower
Binary
Node Load, kN (kips) string | 11 [ 41 [ 11 [ |1 | 11| 1
X Y z (bit)
1 2.225(0.5) .0(0. 0) 0.0(0.0)
2 2.225(0.5) .0(0. 0.0(0.0) 23 27 249 27)E ¢4 247)(random
3 4.450(1.0) 44, 5(10 0) -2.225(-5.0) number generator)ell 93] WA R 3
4 0.0(0.0) 44.5(10.0) -2.225(-5.0) 71= 16028 39 AR AL 9 mxbe
Modulus of elasticity = 68.95 GPa(10* ksi) E(crossover probability)= 0.85 24 23 iAE
Material density = 27.15 kN/m® (0.10 Ib/in® "}%5}93 ou £4 *5°1 E}E(Mutatlon probability)
Upper [imit on cross-sectional areas = None Z 0012 3 % FAATE AYHES 3
Displacement limits at all nodes and %C} Ao HEHUS 3 TAHOR AR HOA &
in all directions = 0.00889 m(0.35 in) M9l glM B e du HAES B3t FE
ol
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olgH - FAF - AEA : =Y FTHEA A20Y AUs
4, &3 3 DE FAA g Ee %i}«l ojde M A
) %f& #A%4 duA5Y 5L %
AAAAPL E3 AFE g4 Az §d o] Ao|tt. Table 6 vx%x} g Fe ALt
A FxE FAE HAZ 37 A% FHEL of 1hHS AHESIAS W F A4 Azt 34
Fig. 3 9 )8 Z AL w9 1004 o] F57¥ ot g A 3RS 9o F A A e YEE A
Bt olt.
" Table 6 Comparison of computing time
e system
9 Reference only one pentium 3 node pentium
" 1 computer clustering compute
é ™ No. of Design 7 ;
6 Variables
5] 9 hours 45 minutes 6 hours 10 minutes
44 ) for for
Computational ) )
3 v . . T . . 500 generation 500 generation
0 100 200 300 400 500 Time
Ceneration ( 160 chromosome per | (160 chromosome per
Generation ) Generation)
Fig. 3 Generaion-history of "most fitness" design for Final Weight, 2.086(468.7) 2.086(468.7)
kN (1b} ’ ’ ' '

twenty-five member transmission tower

NEY Ak BA TS & AT AHeE HEs AT BAE JHAE B8 FEOIA
A S AL gEe] dojzl FEREY HAstE A 3EHA A =EE AL SRS BAdRE fEF
oA HAE HoMeieh FAE Table 59 2 37% AEe ol FA HUYSL ¢ £ U}

A L=E FU0W U & o2 Jd4 AE
Table 5 Comparison of topology results after 500 o] Zd H Ao|th wlAHoz AU AlEH
generations  (traditional and paralleled
genetic algorithm) Table 7 Comparison of topology results(tANSYS and
Design Optimum topology, m’ (in?) PladeFEM)
group traditional GA paralleled GA Design topology, m* ( in? )
7 0.0670E-04(0.0104787) | 0.0670E-04(0.0104787) group ANSYS 5.6 P laderEN
2 4.70000E-04(0.728627) | 4.70000E-04(0.728627)
3 18.90095E-04(2.929653) | 18.90095E-04( 2. 929653) ! 0.06451E-04(0.010) 0.06451E-04(0.010)
4 3.22116E-04(0.499281) | 3.22116E-04(0.499281) 2 13.21020E-04(2.0476) | 13.21020E-04(2.0476)
5 4.51927E-04(0.700488) | 4.51927E-04(0.700488) s 19.30221E-04(2.8965) | 19.33221E-04(2. 9965)
6 4.85209E-04(0.752076) | 4.B5209E-04(0.752076) 4 0.06451E-04(0.0100) |~ 0.06451€-04(0.0100)
7 22 38204E-04(3.469223) | 22.38204E-04(3.469223) 5 4.421286-04(0.6853) | - 4.42126E-04(0.6855)
Vax Displ. B 10.462556-04(1.6217) | 10.462556-04(1.6217)

n (incn) | 8-57904E704(0.03376) | 8.575048-04(0.03376) 7 17.23351E-04(2.6712) | 17.23351E-04(2.6712)

Weiant 2.086(468.7) 2.086(468.7) Vax. Diso. | 5 010400(0.40982) 0.010418(0.41017)

kN (Ib) m (inch)

Max. average
stress 109.637(15.901) 109.492(15.880)

A dne 7EY A BB 2 dTelA MPa ( ksi)

AbER BEs FHoly A F2A Bee ¢ Hetont 2.445(549.533) 2.445(549.533)
2 9} N (Ib)
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