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A Study of A Design Optimization Problem with Many Design Variables
Using Genetic Algorithm

Won Chang Lee”, Hwal Gyeong Seong*

ABSTRACT

GA(genetic algorithm) has a powerful searching ability and is comparatively easy to use and to apply as well
. By that reason, GA is in the spotlight these days as an optimization skill for mechanical systems.' However, GA
has a low efficiency caused by a huge amount of repetitive computation and an inefficiency that GA meanders
near the optimum. It also can be shown a phenomenon such as genetic drifting which converges to a wrong
solution.® These defects are the reasons why GA is not widdy applied to real world problems. However, the low
efficiency problem and the meandering problem of GA can be overcomed by introducing parallel computation7 and
gray code’, respectively. Standard GA(SGA)’ works fine on small to medium scale problems. However, SGA
done not work well for large-scale problems. Large-scale problems with more than 500-bit of gene's have never
been tested and published in papers. In the result of using the SGA, the powerful searching ability of SGA doesn't
have no effect on optimizing the problem that has 96 design valuables and 1536 bits of gene's length. So it
converges to a solution which is not considered as a global optimum. Therefore, this study proposes
ExpGAf(experience GA) which is a new genetic algorithm made by applying a new probability parameter called by
the experience value. Furthermore, this study finds the solution throughout the whole field searching, with applying
ExpGA which is a optimization technique for the structure having genetic drifting by the standard GA and not
making a optimization close to the best fitted value. In addition to them, this study also makes a research about
the possibility of GA as a optimization technique of large-scale design variable problems.

Key Words : GA(Genetic algorithm, F A2} ¢ 12lE), ExpGA(Experience GA,ZEXE Z=U3 GA), Gray
code(H]7}F 29 UF), SGA(standard GA,EF GA)
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Table 1 Design data for 200-member truss’

Loading . Load and direction
. Node points
condition of load
4.45 kN acting in
1,6,15,20,29,34,43,48,5 .
step 1 positive
7,62,71 . .
— dircetion
1,2,3,4,5,6,8,10,12,14,1} 44.5 kN acting in
step 2 5,16,17,18,19,20,22,24, negative
.5T1,72,73,74,75 — dircetion
step 3 Loading Condition 1 and 2 acting together.

Modulus of elasticity = 206.9 GPa
Material density = 76.85 kN/m’
Lower limit on cross-sectional areas = 6.4516x10° m’
Displacement limits at all nodes and

in all directions = + 0.0127 m
Allowable stress limits = + 206.85MPa
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Table 2 Strings assigned to design group and Cross
. . . Design string .
selectable sizing variables(cross-sectional Member Number = lsectional area Upper
area) for each topology’ group ®it bound(m?)
) . Cross 36 Xes, X7 16 0.00387096
Design Member Number stn.ng sectional area Upper 37 X70 16 0.00774192
group (it bound(n’) 38 X7, Xso 16 0.00387096
1 X1,X4 16 0.00387096 39 X78, X79 16 0.00387096
2 X2, X3 16 0.00387096 40 Xg1, X93 16 0.00774192
3 Xs, Xi17 16 0.00774192 41 X82, X92 16 0.00387096
4 X6, Xl6 16 0.00387096 42 X83, X91 16 0.00387096
5 X7, Xis 16 0.00387096 43 Xs4, Xon 16 0.00774192
6 Xs, Xia 16 0.00387096 44 X85, Xg9 16 0.00387096
7 X9, Xi13 16 0.00387096 45 X6, Xgg 16 0.00387096
8 X10, Xi2 16 0.00387096 46 Xg7 16 0.00774192
9 Xn 16 0.00387096 47 X9s, X96, X99, X100 16 0.00387096
10 X18, X2s, Xs6y X63, 16 0.00387096 48 X97, Xog 16 0.00387096
X94, X101, X132, X139, 49 X102, X114 16 0.01096772
X170, X177 50 X103, X113 16 0.00387096
11 Xi9, X20, X23, X24, 16 0.00387096 51 X104, X112 16 0.00387096
12 X21, X22 16 0.00387096 52 X105, Xi11 16 0.00774192
13 X26, X38 16 0.00774192 53 X106, X110 16 0.00387096
14 X27, X37 16 0.00387096 54 X107, X109 16 0.00387096
15 X28, X36 16 0.00387096 55 X108 16 0.00774192
16 X29, X35 16 0.00387096 56 X115, X118 16 0.00387096
17 X30, X34 16 0.00387096 57 X116, X117 16 0.00387096
18 X31, X33 16 0.00387096 58 X119, X131 16 0.00387096
19 %32 16 0.00387096 59 X120, X130 16 0.00387096
20 X39, X2 16 0.00387096 60 X121, X129 16 0.00387096
21 X40, X41 16 0.00387096 61 X122, Xi28 16 0.00774192
22 X43, Xs5 16 0.00774192 62 Xi23, X127 16 0.00387096
23 X44, X54 16 0.00387096 63 X124, X126 16 0.00387096
24 Xas, Xs3 16 0.00387096 64 X125 16 0.00774192
25 X46, X52 16 0.00387096 65 X133, X134, X137, X138 16 0.00387096
26 X47, Xs1 16 0.00387096 66 X135, X136 16 0.00387096
27 X48, Xs0 16 0.00387096 67 X140, X152 16 0.00774192
28 X49 16 0.00387096 68 X121, Xi51 16 0.00387096
29 Xs7, Xsg. X6, Xe2 16 0.00387096 69 X142, X150 16 0.00387096
30 Xs9, Xe60 16 0.00387096 70 X143, X149 16 0.00774192
31 Xo4, X76 16 0.00774192 71 X144, X148 16 0.00387096
32 Xes, X75 16 0.00387096 72 X145, X147 16 0.00387096
33 Xe6, X74 16 0.00387096 73 X146 16 0.00774192
34 X67, X73 | 16 0.00387096 74 X153, X156 16 0.00387096
35 Xeg, X72 16 0.00387096
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Cross 71&e) FRA gRYES o8 F2E F
Design Member Nursber string |sectional area 1—13}1“& 314/‘1]‘3]1_, ;!i' =2l A Zﬂ::l'ff} _EXP(‘}A‘::ET A
group (bit) Upper 43 20084 23k EjA T2 B A e 275
bound(m?) Akl et gon HgEs EAFre S
75 Xis4, X155 16 0.00387096 Fig. 3 2 Fig. 49} 2o}, aen ¥ 345 5
76 X157, X169 16 | 0.00774192 HEE 0% £HE5e RE & AL wEs)
77 Xiss, Xiss 16 | 000387096 | = e}
78 Xis9, X167 16 0.00387096
79 X160, X166 16 0.01096772
80 Xisls Xies 16 | 0.00387096 e ness
81 X162, X164 16 0.00387096 360001 2
82 Xiss 16 | 0.00774192 ] .
83 X171, X172, X175, X176 16 0.00387096 "‘; 34000 - %
84 X7, Xi% 16 | 0.00387096 ? e |
85 X178, Xi90 16 0.00774192 32000 ]
86 X179, X189 16 0.00387096 o weight
87 X130, X188 16 0.00387096
88 X1g1, X7 16 | 0.01096772 S O
89 X182, X186 16 0.00387096 Generation
90 Xigs, Xigs 16 | 0.00387096 Fig. 3 Generaion-history of "weight and fitness”
91 Xis4 16 [ 0.00774192 design for two-hundred member plane truss by
92 Xist, Xiss 16 | 0.00774192 previous GA
93 Xi92, X193 16 0.00387096
94 X195, X200 16 | 0.01096772 Fig. 32 BM 7|29 GAZ 0|43 A=
95 xise, X1 16 | 0012002 | AgEo} AP A EABE LD FHE
96 X197, Xis8 16 0.00774192 oln] oAt} 22,045 oA T o)A} WEE Mo
Toul 1230 it A gn glow BAFFA Axde ABE
30892.67 kg2 2 FHHU.
538 %7 2D Z AAE d 2
(random number generator)ol] o]a} WA HD 2Ah 15000
o 27k 15022 A9 F97 ABE A9 e Le
Z}8E (crossover probability) & 0.852A4 23 i} 170001 ..
£ Agsislen Edxol & (Mutation 6000 ]
probability) & 0.1& 3l & §4x ¢ E°0 g P
2 fH2E ANHES st AYBE NEay § ] [
o zelm, 2o /)& f1% duSe 4w % o)
2AS e B30 A F9G8L 01, FEA
1022 3o 7] A% 7bsAE Fofstdnt 10 s
de % gee FAHOE AgdolAE U N I
Qtell A B Ao o] HAEE F3le] MEH gE T
Generation
i},
Fig. 4 Generaion-history of "weight and fitness"
design for two-hundred member plane truss by
4. A7 R aF ExpGA |
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Fig. 4o M= ExpGAS Hgdtd F2ES H3 Design Optimum topology ( m’ )
gt 495 Yehd Ao HFEsL FE3] Fot group|  Ref[2] SGA ExpGA

A hrb 3554820 FHEI}R gon EHILSE 36 | 0.000199742 | 0.003832371 | 0.000168129
1E3 Rolxthr) 12769.07kgol = =AUk I 37 | 000359638 | 0.00054762 | 0.004539152
o] saewol AA M4 E Table 33 2o 38 | 0000320451 | 0.00632057 | 0.000620515
39 | 0000249354 | 0.006133481 | 0.000151935

Table 3 Comparison of topology resuits 40 0.006141665 | 0.001203512 0.00429683
S e —— 41 | 0000604257 | 0.003329089 | 0.001579932
oup | R oA —y 42 | 0000064516 | 0009248578 | 9.8645E-05
T | 0000121161 | 0.000513083 | 0.000327741 43 | 0004039798 | 0.001014267 | 0.004980119
5 | ooo00sasis | 0000191967 | 0.000250193 44 | 0000226322 | 0.000946092 | 0.000118322
3 | 0003085929 | 0.006086805 | 0.002667801 45 | 0000311935 | 0005752248 | 0.000102903
o | oooo100871 | 0.000820166 | 0.000220645 46 | 0003785734 | 0.011971081 | 0.004636184
s | ooooosasts | 897593505 | 815482605 47 | 0.000064516 | 0.000891238 | 0.000240709
s 1 oooisizera | 0002609724 | 0.001562319 43 | 0.000064516 | 0.005017014 | 0.000160451

7 | 0000121032 | 0.008639311 | 7.90966E-05 49| 0006761277 1 0.00188977 | 000439554
8 | 0000064516 | 0.005883701 | 0.000124774 50 | 7.14837E-05 | 0.004304308 | 0.000292516
9 | 0001858641 | 0.002368172 | 0.002501608 51 | 0.000665354 | 0.004472592 | 0.001194127
0 | cooosssis | 0000246121 | 7.587085.05 52 | 0004400185 | 0001151793 | 0.005504957
i | voosesssie | 000705608 | 674102505 53 | 0000323354 | 0.001761256 | 0.000286193
o | o0000sss16 | 0011969317 | 8.81289E-05 s4 | 0000242193 | 0.006431257 | 0.000226129
13 | 0004372056 | 0012384246 | 0.004314572 55 | 0004178572 | 0012143086 | 0.00470812
14 | 0.000064516 | 0.010865192 | 0.000236516 56 | 0.001277868 | 0.000624023 | 0.001145998
s | oooorszizz | 0.00aosesas | 0.00030658 57 | 0000953805 | 0.000772128 | 0.000479547
16 | 0002137609 | 0.005542629 | 0.002565285 58 | 0.005906182 | 0.011341048 | 0.004021863

7 | ooootizer | 0ooaosioor | 0000141677 59 | 0002063157 | 0.001414307 | 0.0016729
18 | 0000143677 | 0.012440862 | 0.000212774 60 | 0.000064516 [ 0.000168934 1 0.001077933
1o | 0002675672 | 0000843829 | 0002839285 61 | 0005823924 | 0.007477002 | 0.006826567
20 | 0000064516 | 0.002551148 | 0.000623418 62 | 0.000133806 | 0.004213408  0.000667612
1 | ooo00sasis | 0003772424 | 0000345032 63 | 0000626902 | 0.006140025 | 0.001239546
1 1 0005244835 | 0008279236 | 0.004797152 64 | 0004215346 | 0.005201753 | 0.004567023
23 | 0000159742 | 0.000358766 | ©0.000773095 65 | 0.000064516 | 0.006744707 | 0.000614257
24 | 0000064516 | 0009642545 | 0.000109226 66 | 7.8645E-05 | 0.003963628 | 0.000311161
25 | 0002851994 | 0000381687 | 0.003063091 67 | 0006427342 | 001137729 | 0.006026246
26 | 0000180774 | 0.006988414 | 0.000151548 68 [ 8.6516E-05 { 0006370722 | 0.000271806
27 | 0000172451 | 0.002048062 | 0.000304451 69 | 0.002129028 | 0.001634505 | 0.00253135
25 | 0003002187 | 0003585130 | 0.003635864 70 | 0.006178762 | 0.004798579 | 0.005925537
20 | 0000064516 | 0.002351716 | 0.000186967 70} 000063316 ) 0.002656153 | 0.001768513
w0 | eassseos | o00orseoss | o.000112258 72 | 0000146387 | 0.000921016 | 0.000140451
31 | 0006057343 | 0003277175 | 0.005080377 73 | 0.004552313 | 0.002978614 | 0.005495344
32 | 0000064516 | 0.003219774 | 0.000275096 74 1 0.001645158 | 0.009209985 | 0.001180062
33 | 0000216903 | 0002543312 | 0.00t007288 75 | 0.00039187 | 0.001669964 | 0.000471096
3¢ | 000327309 | 0.001921311 | 0.003244832 76 | 0.004862958 | 0.00683835 | 0.002833801
35 | 0000194064 | 0.008569765 | 0.000417612 77 | 0002659091 | 0.004498843 | 0.001670126
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group Ref[2] SGA ExpGA

78 | 0.000064516 | 0.008730408 | 0.000814644

79 | 0.008599338 | 0.01167154 | 0.010068948

80 | 0.001205869 | 0.002386587 | 0.00105503

81 | 0.000196451 | 0.00234623 | 0.000203419

82 | 0.004790055 | 0.004208315 | 0.00394954

83 | 0.000064516 | 0.00803122 | 0.001455675

84 | 0.000064516 | 0.00122467 | 0.002711349

85 | 0.005302118 | 0.008809553 | 0.002837478

86 | 0.000064516 | 0.004544881 | 0.002259931

87 | 0.002704253 | 0.003111634 | 0.00174819

88 | 0.008924498 | 0.006573093 | 0.010697721

89 | 0.000216387 | 0.003859602 | 7.94837E-05

90 | 0.001231094 | 0.000383059 | 0.00086116

91 | 0.005086441 | 0.007811022 | 0.003161865

92 | 0.003783799 | 0.00207353 | 0.001612771

93 | 0.002209544 | 0.002711987 | 0.00089174

94 | 0.006874825 | 0.005753031 | 0.004743926

95 | 0.011469009 | 0.007432728 | 0.009962045

96 | 0.004976764 | 0.004223791 | 0.004108185

Total
weight| 131492 30892.67 12772.45

(kg)
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