A Hybrid Search Method Combining a Real-Coded Genetic
Algorithm with a Simplex Search Method
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Abstract

One of the main drawbacks in applying genetic algorithms (GAs) to
complex problems has been the high computational cost due to their slow
convergence rate. This fact gives a difficulty in an attempt to use GAs for
function optimization problem. To alleviate this difficulty, an island—-model
based hybrid search method which combines a real-coded genetic
algorithm(RCGA) with a simplex search method is presented. Our motivation
for employing the RCGA 1is to introduce best exploration into the hybrid
search method, and the simplex search method is to introduce cost—effective
exploitation. In an attempt to make effective use of the exploitation operation
of the simplex search method in the proposed search framework, we use a
parallel architecture where two algorithms run during the isolation time and
exchanges migrants. To demonstrate the superiority of the proposed
algorithm, it is compared with an alternative optimization technique, RCGA
proposed by Michalewicz in two optimization problems for modeling a system

with time delay and tuning the parameters of a PID controller.
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Real_CodedGeneticAlgorithmwithElitism()
{

k= 0;

Initialize P(k);

Evaluate P(k);

While(not termination condition)
{

k= k+1;

Reproduce P(k) from P(k-1);

Crossover P(k);

Mutate P(k);

Evaluate P(k);

Apply elitism;
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Fig 2.2 RCGA employing the elitist strategy
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Fig 2.3 Test Function F  (Two-dimensional and inverted)
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Fre A%, VRS 9y A0 54L AW, x=[1 T Az=@
x,=x>% et gwd] 1L 2RV FAHEE S A7} o

7z
5] MGEE wATY stdeolt. 2" o] S RbdE BigS BT

_ﬂg:id
™
y
500000
+006
10 o S 10
0 0
5 5
- 10 -10 «1

T

a9 24 HAE §5 F,(1H)

Fig 2.4 Test Function F,(Inverted)
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(2.18)

s12 512y

x2

a9 25 HAE 5 p,02ad wbd)

Fig 2.5 Test Function F,(Two-dimensional and inverted)

_19_



Fu(x)= % . , —70<x,<70 (2.19)

o] B A%, HEE Ui BASHS o} 3 2
x=[32 321" Al A HAa 1S 7M. 29e o] 49 widyE BES Ko

a9

250

=500 -l
7

a9 26 HAE 5 F,(07)

Fig 2.6 Test Function F,(Inverted)
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NN
Fa(x) — 0.54 (sin“V (x7+x5)—0.5) 10<x.<10 (2.20)
2 2yy2 !
(1.0+0.001x(x]+x3))

of e A%, BF, 0o GAEHS AXD 93, EAY A W
1
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r*"\\llhrn‘;“%'*'u“"\'\\ﬂlll’ Al
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W )\, 1
“‘“ 'm%&&m‘ H
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W

i

'—.————_.'——?——_._—-_._

*‘”

a9 27 H2E 5 F,

Fig 2.7 Test Function F,

2.2 GAY

gy T g skubel oA W (Simplex search method)2 & A ¢
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1Mo 24 19623 Spendly SI[31]0] oJsir Aoz L2715 A1, Nelderet
Mead[32]°] olsf Y& B &EJAT. dAg S dagFo] hdsto] Fdo] 4,
a
[e)

s Zed 7l ARE Zax g T gt ol &str] Wil @ol o

GAHE FAFIEe] Y nRo sy B2 n+tl9 HH(Vertex)d HE
{x, x, 0 x, pe A48 AANdezA HAHsE G o b ntl 749
A o]g& dAsts Awoz JAE 7|sted JuHE GHA(Simplex)gf g

7

f
it
o

+= AP A (Tetrahedron)”

o
o
gAY gL 27 APosie A&, geHE FEgsd ARE o

XrR = XM + (XM_XW)
n+1
% oxy= L3 x, (2.21)
n =i
i+Fw

wpep A A E L S Al o X1, X2 s Xw—1, Xw+1, T Xpt, xg) = AdA €
toolg @ AentwE HAHHoR R WA ASHoR vindEY. ARE

o APAFeR AAHL o W WAl FF L &
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2.8 o2kl ©hA o o

Fig 2.8 Example of 2-dimensional simplex
agool A HA BBest)& Lo A%, G(Good)= 2 A%, WWorst)&=

ool Ao 7HA+ HE -O/]U]E‘]'D:}, e X9t xc8 FA Aol

24y M2 9A 9 x(Reflect) & AT A= dA=

2.2.2 Nelder-Mead®?] @AY

Nelder-Mead®] @AW -2 Spendly[31]9] &
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Initialize simplex Xi, Xu,***, Xun
and calculate F(x)
*4
Rank F(x), find Xw and calculate Xw

v

Calculate Xr = 2Xu — Xw
v

no @ ves

ves
no Xg — 2X1\[7Xw
Xw Xr XS:O.S(XS+XB>

except for S=B

v

no
Converge?

v ves

19 29 Nelder-Mead AR 8%

Fig 2.9 Flow chart of the Nelder-Mead simplex method
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Fig 2.10 Simplex at the beginning step
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SSE =\/ — T S(F ()~ F)’ (2.24)

n+1

o, F= F(x)/(n+1)

=

o} wkd

29 211 #-A

Fig 2.11 Reflection

Rt ol AlztEd Zh SAelAM e deges TolA M w2 A, T oA
=< A, a2ga b 92 AS Fdste] 4 xe xe xe®t FAL oA =0 WS
3t 435S Fxw), F(xo), Fxp)® AASTY. 7M =2 H xeE AYe
M FHE59 7188 FA A (Centroid) xuE AlAFsHY] xwE xu WFOE AR
= =4

xeg AAAIT o2 g A e] v thFo] Aol osto] sy

Xr = (1+Q)XM - Xw
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Fig 2.12 Reflection and Expansion
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B

1‘4—. :Lﬂib}- F(xn) > F(XB)‘:Q'

A

4
A

F(XR> > F(XW)O]E}

=
=

dgte]l Fxw BT =,

] o
A=

(2.27)

Xc = [3Xw +<17‘B>XM

kA

T F(xe) <F(xy)ol gt

=
o

Fig 2.13 Contraction

(shrink)
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Xs = 6X5 + (176))(]3 (228)

459 3459 F4ae AN F oA BERAS SR
% o

Xc Oﬂj\ip’] @'T%}]\'O] XWOHHQ] —;‘:]—‘/F%}\LE]— Z}X] g_g—_(‘)_l:rd’ 7\@ XG‘Q’]— XW% XB% EO]--O]:
o8 FZdfof (1 214 #Fx). 281 YA, H xE xwlE vFI A
Xw= Xsi H]':LFE]‘ 047]}\‘1 sz_ Xn‘ﬂ’ Xw"eé' 31% }LT'E‘P/] %—@O]E}-
Xg
Xs
XM
Xw
XG
a9 214 xuF WFoR A4y 5
Fig 2.14 Triangle shrink to direction xs
oW G Fo] ANFY FWeNN T&He]/] AAE FFGe BDew @

uj vk Abel == s okdltl. Nelder-Mead Wl A+ ZF @A vt A 2E 2%
AE Fotel WE diAST. mepa A2 HA-HE A 5™, ¢ ol AL
Yo7t glome, W gAE 2t 249 BAd U@ =24 A494e 2

& 2,150 A sHAl HERA T
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Nelder_MeadSimplexSearchMethod()
{
Initialize parameters;
While(not termination condition)
{
Compute Xz= <1+a>XI\17XW and F(Xz);
if F(XR) < F<XG)
if F(XB) < F(XR) then
Replace xw with Xg;
else
Compute Xg=¥Xp+(1-¥)Xy and F(xg);
if F(XE) < F(XB) then
Replace xw with Xg;
else
Replace xw with Xg;
endif
endif
else
if F(XR) < F(XV\') then
Replace xy with Xg;
else
Compute Xc= (Xw+xy)/2 and F(xc);
if F(Xc) S F(XW) then
Replace xw with x¢
else
Compute xs= 0xst(1-8)x; and F(xs);
Replace xw with Xs;
Replace x¢ with Xu;
endif
endif
endif
}
}

1% 2.15 Nelder-Mead B4 ¥ 9 =214 A4 74A

Fig 2.15 Logical process of the Nelder-Mead simplex method
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g FAgLe FriA R dojdr. 2y # AT e SHE ZEAMAE AL
&5t ¥ HEAS FEskE Aol oY F gagss @Y CPU #HFH
oA AE=2 Fd3te oA wHE FH Y F(Pseudo parallel  genetic

o171 RCGA= 2% lA A AL, wuf, =AW

algorithm)= A QFsl At}
o] ALAE AM&35ta, AP EXNSFY] ~ALHIE dFS AFE3AT. dAH o
stolr gl gAY FxE

Z+ Nelder-Mead® A& AMg3tAY. 219 3.1

D

I Run RCGA ‘

v

IRun Simplex Method ‘
v

BojFa gl

yves

i ?
— Migrate?
—[ Migration ‘ no
[ ===

no

Gen>Maxgen

a9 31 sholRels gAY Tz

Fig 3.1 Structure of the hybrid search method
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31.2 EAY 9 =73

Aok stolHEl= AWl A RCGAZE A&Aoz RoAsts doA =
Ade) Uzl elAde A Aol dAaA AMAse) ATe Bew o6, A
Ge N daAz FAET 2 =EoAE RCGAZF 7FE 3 317 o A 3
Fuele] 8 FE T FAsy] el 271 POE FAdRoR 2
7188, ek dAaAF SR 2)EL Fddd xVi= xik) =xY) (1=
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A7IA xp(k)= k Aol Ao ool 7HE T2 A=A HA bell, ntll=
bestE 9vlst™, Fi(k)= F(xik)= iHA 7AA S H495 oty st A

9 AFoE mine max® A H},

@A 2: RCGA A Foll Aol 7Hd y& /A A=
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1714 TE WEe A ¢ u e},
. RCGAOA dAPoz o]F
4A 1 : RCGAY A4 Fol 450 2 A= MY o|FxE A9 g
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Fig 3.2 Global off-line robustness vs the migration rate
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Table 4.2 Means and deviations of the so-far—best objective function value

X 2~
e L 50 100 300 500
= 1 "
Proposed o = ) B
0.1259+0.2997%10 " | 0.1004+0.1166x10* | 0.0869+0.1000x10° | 0.0869+0.1000x10
Method
Michalewicz2] . o
RCGA 0.8637+0.4704 0.68010.4687 0.1799+0.6060x10 | 0.1219+0.1336x10

¥ 43 #4849 81 H 9 Euclidean norm

Table 4.3 Euclidean norm of estimated parameters

A A~
e 50 100 300 500
= e =]
Proposed . B .
0.2384+0.1621 0.1015+0.6926x10 0.0106+0.1011x10 0.0092+0.5563%10 ©
Method

MiChaleWiczg 6932+1.2651 1.1374+0.606 0.3430+0.1051 0.2046+0.7888x10

1. +1. .1374%0. 7 . +0. . +0.7 X
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_42_



parameters

20

15}

10}

g W 3 Michalewicze] RCGAQ] 3etv] g &4 34
d 42@e F gAY “AerA e HAHY TS A

o
2b)st (o= #A79 JAetrgE 29 Aot

— Proposed method
--- Michalewicz?] RCGA

400 600 a00 1000
ceneration

() =4 G

a

<

250 500 Ta0 1000
generation

(b) b g (A kg )

_43_



20

15}

10}

parameters

i o

P <

250 500 Ta0 1000
generation

(e)32} 7] B (Michalewicze] RCGA)

a4 4.2 38k skenE A4

Fig 4.2 Evolutionary parameter estimation

29 42% ASHE W] Michalewicz®) RCGARTH wel gadS 47 %
¥ 4 ek

4.2 PID Aloj7]19 su g Fx

9= GAME PID Aol7)e sy Fx
A5 detglth. 19 433 2 PID AA 2L wstdrh o)A Ao

_44_



v

Adaptation
algorithm
Yr 4 e m |5 u L
K L » | ke %
—> AT o
- 5
4

1Y 44 PID Alo]7]¢] sebwE Fx

19 4.4 Parameter tuning of the PID controller

=)
k=)
o
w
2
2
N
il
BN
=2
>
ofo
i,
f
2
i
N
rlr
i
o
_Y‘_I‘
.
i

J(®)= fo flyr—yl dt

_45_

(4.5)

(4.6)



£ 44 AFAAY) A5 Gy TFAA

Table 4.4 Means and deviations of the so—far—-best objective function value

Al o
50 100 300 500
Bl Al 1)
=2 1 H
Proposed p / . |
17.4615+0.2400x10 " | 17.4615+0.2400x10 " | 17.4527+0.1959x 10 17.4527+0.1959x 10
Method
Michalewicz 18.8184+0.9583 17.9452+0.4077 17.5305+0.3442x10 ' | 17.5258+0.3109x10 '
. +0. 3 +0. . 5£0. x .5258+0. 9x
9JRCGA
X 45 #4843 J2nE 9 Euclidean norm
Table 4.5 Euclidean norm of estimated parameters
A o=
gl 50 100 300 500
L= S =
Proposed 1 ,
0.3723x0.1000x10" | 0.0057+0.100x10 * | 0.0003+0.100x10 * 0.0000%0.0000
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