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Sequential Approximate Optimization Using RBF Network
(Basic Examination on the Sampling Function)
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One of the important issues on the Sequential Approximate Optimization (SAO) is the sampling strategy.
The sampling strategy for SAO using the Radial Basis Function (RBF) network is proposed in this paper.
The proposed sampling strategy consists of three parts, which are called the density function, the bound-
ary function, and random sampling. In order to add the new sampling points effectively, the density
function and the boundary fuction are constructed by the RBF network. The objective of the density
function is to find the sparse region in the design variable space and is to add the new sampling points in
this region. In the constrained optimization problems, at least, one or more constraints will be active. As
the result, it is desirable to add the new sampling points on the constratins. The objective of the boundary
function is to add the new sampling points on the boundary. In addition, the random sampling is also
introduced to spread the search region. The algorithm of proposed sampling strategy is described in
detail. Through the numerical examples, the validity is examined.
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Fig.8 Distribution of sampling points
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Table 1 Objective and constraints

1 . .« .
@ m=5 at the approximate global minimum
Number of ~ -~ - ~
sampling points f(xG ) &%) | & (xG ) |8 (xG )
5 -0.7818 | 0.2189 ] -0.7468 | -0.2441
11 -0.6321 | 0.0966 | -0.5380 | -0.3510
17 -0.7245 | 0.0414 ] -0.5886 ] -0.0920
23 -0.7257 1-0.0159 | -0.5686 | -0.0309
29 -0.7510 | 0.0158 ] -0.6006 ] -0.0100
35 -0.7468 | 0.0000 | -0.5919 | 0.0000
41 -0.7468 | 0.0000 | -0.5919 | 0.0000
. . . . . 47 -0.7468 | 0.0000 | -0.5919 | 0.0000
Fig.7 New sampling points by using the boundary function
Table 2 Results of benchmark problems
Testl Test2 Test3 Test4 Test5
M max 15 50 50 50 50
Global minimum of objective -12.871 -1.4565 0 11.4371 -0.7483
Minimum of objective -12.8708 -1.4557 4.3601E-04 11.4426 -0.7486
Maximum of objective -12.3941 -1.3107 9.3849E-03 11.9480 -0.7431
Average of objective -12.7723 -1.4061 3.5725E-03 11.6164 -0.7467
Standard deviatiation of objective 1.4444E-01 4.8181E-02 3.1839E-03 1.7970E-01 1.7961E-03




15 D AT 2 bl T oD B E R x, & B RYBAEE £(x,) 1T
DY THD.
%, =(0.2024,0.8327)", f(X,)=-0.7468  (38)

FK1EY, YU T BB =29 DL EFITIE, KEH
REMEZ RO TWBEZ ENbn5d. ok, #lEet
g(x) EZLVERLTVWDE N, FIRKEENERLI N
TWAZ EEEZETVE, #IEMGEZHELTCVD L
EZzTL.

5.2 RyFT—IRBB~OERBZER FLRER
RRETE LT, BREIEKOL B VREICR LT, Kig
XCHRRT DR RS R T A OF M E R
T 5. MH@FIZFEEHT 2N 2o F~v—7 WEIC
Xt L, BRI E FIT LR ER2IITRT. ¥
Y7 EEEE, LHDICK D kD, +_XToME
ZBWT, I IR EsE L., K2 Dm,
EERRP IR ERLTEBY, OB ZE 2T
10[EFRAT L 7.
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R 2 BRI PR AT b OFHED — b2
WTED.
5.3 A/ LNRRXOEER/NMERERE SCHR(18)

DaAfNAROERE/MUBEEEZ 2 5. REIEHIX
TAYDERd=x), 2ANVOEHERD=x,), =
ANVDEHENE=X)THY, TXTEGLEHTHD. &
HWEHFHEIRO L2 IcER LS 5.

£(x)=(2+x3)x{x, — min (39)
g1(x)=1-x3x; [(71785x}) <0 (40)
2)(x) = 4x§—x1x2 1 _1<0

2 1256600, —x)  5108x2 (41)
g3(x) =1-140.45x, /(x3x3) <0 (42)

g4(x)=(x+x,)/1.5-1<0 (43)

0.05< x; £2.00 (44)

0.25<x, <1.30 (45)

2.00<x; <15.0 (46)
BA3EBOMETH B0, FEAIT Al REFEIRN O K il

iz ROFICK WIHETH Y, IHICHEERE LY
e, FFCELLDHELZESTLZLEINTVD. 20D
tb%ﬁ%%@%ﬁ%iﬁ@&y%v—&%%&bf
bE<HWLENTWS .

IZUOIZ, RITRTEIICHERR L) ZANTER
HEHBOMMY TR ERD, TO%, KKV
Vs E m,, =150 & L, BUEPIREL A 11ETT - 72
%%%%4&%#.&%,$%?&5%@?%%%
X, EELL—HOMRETEH - TWVDEED |, K
TRART L2 I NVEBOAEMEL DD, Z0
FRLREFICHETRT.

Table 3 Orthogonal array of L9

X X2 X3
No.1 0.05 0.25 2
No.2 0.05 0.775 8.5
No.3 0.05 1.3 15
No.4 1.025 0.25 8.5
No.5 1.025 0.075 15
No.6 1.025 1.3 2
No.7 2 0.25 15
No.8 2 0.075 2
No.9 2 1.3 8.5

KA4EY, KX TRARLEFEDIZ D, LREIO
METHLNTLFELY S, BRBEEES X O11ER
TLRELEOBNBEEEOFH b RIBIZHFESINTE
V, Zryrrvara— L HEBLTWDZ ERbn
5. BHIBEAEMEN RIgICHE S BB, SR SEMm
g(x), gx)BEVT T 4 TITESNHNTNDHEEDHT

Table 4 Comparison of results of the optimum design of tension/compression spring

Design variables Best solutions found .
Arora™ | Coello Ray ?” Hu ?"_| Previous report | This research

X1 0.053396 0.05148 0.050417 | 0.051466 0.052062 0.050000
X2 0.39918 0.351661 0.321532 | 0.351384 0.337205 0.314777
X3 9.1854 11.632201 13.979915 | 11.60866 13.831074 14.650042
21(x) 0.000019 -0.00208 -0.001926 [-0.003336 -0.005994 -0.018820
gax) -0.000018 -0.00011 -0.012944 | -0.00011 -0.062925 -0.006566
g3(x) -4.123832 -4.026318 -3.89943 1-4.026318 -3.649392 -3.837790
galx) -0.698283 -0.731239 -0.752034 |-0.731324 -0.740489 -0.756815
f(x) 0.01273 0.012705 0.01306 | 0.012667 0.014469 0.013103

Function Call N/A 900000 1291 N/A 82 66
Average of f(x) N/A 0.012769 0.013436 | 0.012719 0.016013 0.013273
Worst of f(x) N/A 0.012822 0.01358 N/A 0.017655 0.013643
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Testl:
f(x)=>"" icos[(i+1)x, +i] — min
0<x,<75

Test2:
f(x)=2+0.01(x, —x ) +(1-x,)" +2(2-x,)* +
7sin(0.5x,)sin(0.7x,x,) — min
0<x<5

Test3:
S(x)= Z;|x,. sinx, +0.1x,| > min
-10<x<10

Test4:
f(x):xf +x22 — min
2(x)=—(x, +4)* /3= (x, —0.1)> +20<0
—6<x <4, —-4<x,<6

Testb:
f(x)=—(x,~1)’ =(x,- 0.5 - min
(%) =[5, =3)" +(x, +2)*Jexp(=x]) =12 <0
g,(x)=10x,+x,-7<0
g:(x)=(x,—0.5)> +(x,-0.5>-0.2<0

0<x<l1



