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A Study on the Optimization Method using
the Genetic Algorithm with Sensitivity Analysis
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Abstract

A newly developed optimization method which uses the genetic algorithm combined with the
sensitivity analysis is presented in this paper. The genetic algorithm is a probabilistic method, searching
the optimum at several points simultaneously, requiring only the values of the object and constraint
functions. It has therefore more chances to find global solution and can be applied various problems.
Nevertheless, it has such shortcomings that even it approaches the optimum rapidly in the early stage,
it slows down afterward and it can't consider the constraints explicitly. It is only because it can't
search the local area near the current points. The traditional method, on the other hand, using
sensitivity analysis is of great advantage in searching the near optimum. Thus the combination of the
two techniques makes use of the individual advantages, that is, the superiority both in global searching
by the genetic algorithm and in local searching by the sensitivity analysis. Application of the method
to the several test functions verifies that the method suggested is very efficient and powerful to find
the global solutions, and that the constraints can be considered properly.
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Code

Optimal Crossover Angle (rad)

Selected 0101000000 0010000000

0111010011 1000010101

0111000000 1000000000
0101010011 0010010101

0.997

1100111110 1010111101

1100100110 1010100100

0.999 (optimal)
0101011000 0010011001

1110001101 1100100111

1110000101 1100000111

Candidate 3 0101001000 0010100000 0990
1011100100 0100001010 | 1011100000 0100000000

4 0101000100 0010001010 0930

5 0010001000 1001000101 | 0010001000 1001000000 0724

0101000000 0010000101
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Fig. 1 Flow chart of the genetic algorithm
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Fig. 3 Test function 2

Table 2 Parameters of Hartmann function

m=4, n=3

i a; o by

i 3.0 | 100 30. 1.0 | 0.3689 | 0.1170 | 0.2643

2 0.1 10.0 | 35. 1.2 | 04699 | 0.4387 |0.7470

3 3.0 | 100 | 30. | 3.0 j 0.1091 | 0.8732 [0.5547

4 0.1 | 100 35. 1 3.2 |0.03814 | 0.5743 | 0.8828
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3.1.2 M&8&%$ 2 : Goldstein-Price &4
min
o) =11+ (1 + 2o+ 1319 — 14%,
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Table 3 Parameters of genetic algorithm for the
test functions

Parameters | Test 1 | Test 2| Test 3 | Test 4
AA = (A) 20 20 30 20
H = 2 2 3 2
P, 0.8 0.8 0.8 0.8
P, 0.3 0.3 0.3 0.3
FHAINEW | 30-70 | 25-40 | 100-300| 60-200
A2k SGA |100-300 {50-200 |200-500 | 150-




1536 o] A T
20
~PAEU3
8y - AMEA4
wie cgn=z 12
12 ::
obE. .
8 2 x
[} '.
n. x .
2
......... @0 .
0
o 5 10 15 20
Fig. 7 Distribution of "the design points in
optimizing Test Function 1
20
18 ke BT EXE
LR iz:ﬁﬁ :,2
14} o x9s
E 2 e oig
0 5 10 15 20
x1
Fig. 8 Trajectory of the best design point in
optimizing Test Function 1
5 20 3 50 65 80 95
Itesation
Fig. 9 The variance of objective value in
optimizing Test Function [
AL oj&et AFAHU WPz HAste AF
zl%ﬂ%ﬂ zAZ AYAE #A7 olHD ©e
& 54 CoAE PEL AR AA 29 A
27} ?_—?&'}Ei Ax g BE Aol folaA]
2. Fig. 62 UHAEE ol&d A WPyl
Projected Gradient W92 o] &3lo 3X3e B
AW 2718¢ FE Auste] Adsle] +5)
2 9

18
it

2 3% 4 Aded Fig 7-Fig. 99

o] BAl: gA 30700 AT wEow

o

a

>
M
it

x2

° PEET]
& YRS
o FHEA|

O x|
O s

xi

Fig. 10 Distribution of the design points in
optimizing test function 2

08 o
06
0.4
02 o
S 05 5
05 ), ; [
O 04
06 O xjs
5 O Hos
A 0 E

x1

Fig. 11 Trajectory of the best design point in
optimizing test function 2
-#-SGA
-4 NEW
g
1 1 21 31 -4
Iteration
Fig. 12 The variance of objective valie 'in

optimizing test function 2

% Agd da WE FIE RES B 04
714 Fig. 7& Zt AdE2 A3 =rt 53 57
o HAEE IANT Roz 279 ?Mi T¥
HAD MAFo] Alato] Mg ae} A

A Bog tre 4AE 5 9

oy HAE& A gAs o dFeE /A
e BEAoE A o g o Adse
EE Aoz MAZ A5t Jde 2L B
g £ vk 12 Fig 82 Z+ Audz 73



A%t neE FA dnFES ol & FHs W g AT 1537

Table 4 The best design points at each generation

.............

in optimizing test function 3 1 3 50 80 ;10
wES L ox @ | x @ | x| g .
B 1 2 3 g gt
i 0.10362 | 0.68622 | 0.85728 | -3.31331
6 0.10460 | 0.56110 | 0.86510 | -3.84674

Fundtion vat

11 0.10362 | 0.55719 | 0.85631 | -3.86131
16 0.10460 | 0.55523 | 0.85239 | -3.86271

31 0.10557 | 0.55621 | 0.85239 | -3.86272 TTaraion

49 0.12219 | 0.55523 | 0.85239 | -3.86274 Fig. 13 The variance of objective value in
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93 0.119260 | 0.55523 | 0.85239 | -3.86276

133 0.11535 | 0.55523 | 0.85239 | -3.86277 o] Z7ol= A Ao EHS @o| zZtu UZE

= fo:] Al E)\ ] o n) Y= Ao 3
AgEsk $58 A9 olBse AAg wg T T BAN SAE Bl 2w Ao o
2

AQE GAAY W2 Agels Ages0, 50) B LY Fg 11& F AdEz Y ¢5
2 g sr ou 7 A 2o o] B g A olFg UEiE Add 9 -3
Addz gads & ads 2

A 3AE D AN A9z gEske B¢ © e ol
g AWE £ g%tk Fig 9= Ao Ao T A AAY Gl THESE 2ae 2
de Agse] VRS Uyud o ¥ =R T

A AN Pael AAE we s HA 3

e A9 g4 54¢ wolvd we w23 AEEE I

23 94 YpAEL HasHo Moo TEHL of #Ale ANt A AN EAdte AL E
welg, 2 7t MFEY WHe B2 WPE go| 2 A

YelgE At 28la ol o)Ak Wgo
- Y BN 9% zlo]l AA F+%
o] A= <o ANFEs 1% @8 F& x4 4 AE e o wae st EE o #o

A 29 oa@dee gloyu Fig 33 Fig 1004 ‘%}’53 oAHA ok Table 4= 7 Aojdz 713
HE R 2ol A9zt WA A A EA sl TR AN BRgE el A0 Q71994
NATE o] 43 AT HHs ozt 4 ’%ﬂ%i@ F AR (x, )T 98 HAFs 7
g 37 Y BA ¥ W % FEHA Tk a2y oy
°of &Alel 4 AdE Fig 10-Fg 1291 R % wss) 2ue g A4 ARRe] okd oA
sl ARE PUNEW)] 4 @dudsd Y wig Agsts 499 HAgoln ol WPE
Aol Hold 54& 23 e B o} A g M A= AZHA o) FEF T Weo W
dieh AN A el T A0lB R ME gg g3smz AT A-sel +Pshed B
A A AAHE 72 7 AN Fig 294F g0 2a99un 28y oRoaRy s
TN ANT MRS WU VIS BE o) e g A= Hli age 9
e fd dAAFE0A FEE NAHATH a9 g4 dnEY FEENY BT 8
M2 GUE Fig 10014 Q3 FAA olFl A ge 2x0) gase 59 2a o) HE &
Al F2ol A EAte Ae2RH & F §38 7% 4 Qo na
2 33w P4z

o
o
X
=2
ud
+
2
°,
o

UFels 234 sdsttd AL A2e 3y



1538 ol A B-A F A

, Hajol 4 + domzg &9 $3 dug

o Z7HA F Wde 448 Aolg BYY. Fig. e 4
” BNy Qo) »aeA ANES] PEES AR Hew
°f g A7} F@A AAT AARGA EAHHO o
=l T AAE W AYstaEe 94 AY gael
! Exoz wmy wy Fy¥stAvh. E§ Fig 16
08 2Ry z7ldEe WHE F£EL Hol YFd:
0 ' : ‘ AAS wak AYPsted MM FH}E EEFS

0 0.5 1 1.5 2 25 3 ‘Q’ —/}: glu]—

Fig. 14 Distribution of the design points in
optimizing test function 4

1.6
1e b ——32 ol5
: -0 = sl
1.2 — &z
s
08
06
04 T
02 |
0 : . . .
05 07 09 11 13 15

Fig. 15 Trajectory of the best design point in
optimizing test function 4

3.4
3.3
321
3.1
3
29 r
28 1
27
26 1
25

Function Valu

1 1 52 62 29
fteration

Fig. 16 The wvariance of objective value in
optimizing test function 4

324 AMEEST 4

o] EAlt &9 T&z2AS Zx e pEd 7
Z A3 AR o] EAle HAgse Eud
Fig. 14 - Fig. 169] Bt o] &A= HAHH7}
ZAAA el EAs=d oz Ja AY FA ol
7123 BHE Aol {A otk AAZ P
R gaeEs BEd 2S¢ Hd wE FE
50002 dAsAE A HHNE & TIE BH

= EZA4Red B =844 AN Mz W
£ Fig. 15904 AW 5 Q%o FAE et

2 A7 o8 de Ae
2.

2939 T

Ao g FHF FH dngs ¥
Mol AHE& BF B3 ZEE HH3 Wy
ettt

(2 7189 4 du=EE
z79 e Hrie d
e g 2
A AAGG B UgE &
g 93] nydd 5 ok

(3 ME Adg WHE& gol AEHE 2 7}
2] Aol AL A AGHEe] 44 A
EAste BAE B8 T 7ol Foiz &4
£ HYHE & Fgoen I EEAHE Hold
FHdE AT & UM

te 48 Hr
2, o o

7\1

Hngs

(1) Arora, J. S. 1989, Applied Optimal Design;
Mechanical and Structural Systems, University of
Towa.

(2) Arora, J. S., Elwakeil O. A. and Chajande, A.
I. 1995, "Global Optimization Method for
Engineering Applications: a Review," Structural
Optimization 9, pp. 137~159.

(3) Jenkins, W. M. 1991, "Structural Optimization
with the Genetic Algorithm,” The Structural
Engineer Vol. 69 No. 24 pp. 418~422.

(4) Galante, M. 1996, "Genetic Algorithms as an



N7Zzrt 3dE fd ¢RHES o & @ HAHs e #d A7 1539

Approach to Optimize Real-world Trusses,” Int. J.
Jor Numerical Method in Engineering, Vol. 39 pp.
361~382.

(5) Deb, K. 1991, "Optimal Design of a welded
Beams via Genetic Algorithms," AIAA Journal,
Vol. 29 No. 11 pp. 2013~2015.

(6) Holland, J. H. 1975, "Adaptation in Natural and
Artificial Systems,” The University of Michigan
Press, Ann Arbor, ML

(7) Goldberg, D. E. and Kuo, C. H. 1987, "Genetic
Algorithms in  Pipeline Optimization," J. of
Computers in Civil Engineering, Vol. 1 No. 2 pp.
128~141.

(8) Chu K. C. and Gang F. 1995, "Accelerated
Genetic Algorithms: Combined with Local Search
Techniques for Fast and Accurate Global Search ,"
IEEE International Conference on Evolutionary

Computation, Vol. 1 p. 378.

(9) Heistermann J., "Different Learning Algorithms
for Neural Networks-A Comparative Study," In
Schwefel and Manner[12].

(10) Darwen, P and Yao, X., "Every Niching
Method has its Niche: Fitness Sharing and Implicit
Sharing Compared," In Voigt and Ebeling[13].

(11) Gr{ininger T. and Wallace, D. 1996,
"Multimodal Optimization using Genetic
Algorithms," MIT CAD lab. Technical Report..

(12) Davidor, Y. Schwefel, H. P. and Minner R.
(Eds.),1991, Parallel  Problem Solving from
Nature-PPSN 111, Springer-Verlag,.

(13) Voigt, H. M., Ebeling, W., Rechenberg, 1. and
Schwefel, H. P.(Eds.), 1996, Parallel Problem
Solving from Nature - PPSN 1V, Springer-Verlag.



