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Abstract

Optimization in the engineering design is to select the best of many possible de-
sign alternatives in a complex design space. In order to optimize, various optimiza-
tion methods have been used. One major problem of traditional optimization meth-
ods is that they often result in local optima. Recently genetic algorithm based on
the mechanics of natural selection and natural genetics is used in many application
fields for optimization. Genetic algorithm is more powerful to local optima, but it
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requires more calculation time and has difficulties in finding exact optimum point
in design variable with real data type generally.

In this paper, hybrid method was developed by coupling genetic algorithm and
traditional direct search method. The developed method finds out a region for glob-
al optimum using genetic algorithm, and is to search global optimum using direct
search method based on results obtained from genetic algorithm. By using hybrid
method, calculation time is reduced and search efficient for optimum point is in-

creased.
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Fig. 1 Major procedure of genetic algorithm
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1011001100101110001100

1011001101001010
1011011101001110001100

0000001101010111100

1011001101
001110001100

10100101101001110001100
Fig. 2 Example of bit strings in genetic algorithm
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Fig.3 Relationship between design variables and codings
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Fig. 4 System configuration of the developed hybrid method
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Problem 1: AAMRAS7E 1740l2 Azl gl
A4

f=3x"-8x’- 6x"+ 24x+ 9

Problem 2: AA®F7}E 270013 A 3kz7A0] 474<)
24
F= 1+ Gr+ao+ 1191401+ 3%+ 14z + Gz + 302°))
{30+ 2x1-3x2)*(18-32x1 + 1 2017+ 48x2-36x1x2 + 27x%))
Subject to : 2.0 ¢ = x1

20(=x
(=20
w2(=20

Problem 3: AARF7} 4700) 2 AgzzA0] 1074
A EA
= x1-%2-x3-%1%3 + X124 + x2X3 - X204
Subject to: 0 ¢ = 8-x1-2 x2

0¢ =124 x1-x2
0(=12-3x14 x2
0(=82x3x4
0< = 8-x3-2x4
0( = 5-x3-x4

0< =x1, x2, x3, x4
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Table 1 Calculation results of problem 1

Genetic Hooke & Jeeves | Hybrid
Algorithm Direet Search Method
Method
fl) 986 | -999 | 170 | -100 | -100
x -0.9371 0998 | 20 -1.0 -1.0
time 15 14 0.07 004 | 0.764
i A 100 200 200
n
» B 30 15 5 ]
u |C 15 50
t D 01 | 01 | ol
fee="10. crossover rate=0.4, mutation rate=0.1
A=population size, B=no. of generations
1y =10 C=starting points,  D=step size. time=sec

Table 2 Calculation results of problem 2

Genetic Hooke & Jeeves Hybrid
Algorithm Direet Search Method
Method ]
flx) 352 3.0 840. 30. 2,99_4
x -0.01 0.00 119 | 060 0.00
L] -0.97 | -1.00 799 | -399 § -1.00
time 3.9 58 0.03 0.03 0.32
i 1A 200 200 100 |
n B 20 30 10
5 C 0.505}-05-05
D 03 | 03 | 03
fp=3.0 crossover rate=0.4, mutation rate=0.1

A=population size, B=no. of generations

=01 (- starting points,  D=step size, time=sec
N
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HAHE FalA Rate AL Bit A9z 3¥E 4
AWE7} Decoding B 1o 1 e BA 7 ol FAA
A @7l oz g, 13 2ulFAA A
28143 Population® 2719} Generation?) 344l
Fo2 gds e, AN3SIE 2E A fdde Genm
eration +% Z7M17]%= ZAREE= Populationd] 2
718 7M7) Aol B} E&Ho|Ath Hooke &
Jeeves® AHFANLS ALREIA S A Polle A
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Table 3 Calculation resuits of problem 3

Genetic Hooke & Jeeves Hybrid
Algorithm Direet Search Method
Method
flx) 820 | -132 | -1499 | -1299 | -1499
2 0.03 0.10 0.00 2.99 0.00
) 2.39 281 299 0.00 2.99
B 0.03 0.10 0.00 3.9% 0.00
7 249 392 3.99 0.00 3.9
fme | 32 | 33 | 006 | 004 | 123
A 100 200 200
B 30 15 5
n e 10 | 10
P 10 -1.0
t“ 1.0 1.0
L LOA -1.0
D 08 | 03 03
fi="1501,4=0.0,3.0,00,40 T
crossover rate=0.4, mutation rate=0.1
A=population size, B=no. of generations
C=starting points,  D=step size, time=sec
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