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Abstract: Reliability-based design optimization (RBDO) requires a high computational cost owing to its reliability
analysis. A surrogate model is introduced to reduce the computational cost in RBDO. The accuracy of the reliability
depends on the accuracy of the surrogate model of constraint boundaries in the surrogated-model-based RBDO. In
earlier researches, constraint boundary sampling (CBS) was proposed to approximate accurately the boundaries of
constraints by locating sample points on the boundaries of constraints. However, because CBS uses sample points on all
constraint boundaries, it creates superfluous sample points. In this paper, efficient constraint boundary sampling
(ECBS) is proposed to enhance the efficiency of CBS. ECBS uses the statistical information of a kriging surrogate
model to locate sample points on or near the RBDO solution. The efficiency of ECBS is verified by mathematical
examples.
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Fig. 1 Improvement probability for objective function of
kriging surrogate model

Fig. 2 Boundary probability for constraint function of
kriging surrogate model
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Fig. 3 Flowchart of the proposed method

e wAsty] flste] A=A
o 5 Bel A S e
] 99 el a&#d Ad=A
efficient constraint boundary sampling, ECBS)

.

N oo N
n:E o
oﬂ‘ I-ﬂ Oﬁ
ins
ol
ol

~

l‘ﬂé
<t

o

Max ECBS = q)(f}eé;f)‘()rx)],gw[o(—}gg(ig)]p(x) if &(x)<0

0 otherwise

A7NN F(x)F 6,(x) & A7t BA%S: A7

Az A7

4O o) FE J(x)7h BT Fe5
1°ﬂ e ke A, R f(x) 7 £, B
% 0o e ghe Mk mebd Ak

[}
flo

71%%f(x)SfR%l ggo] Fow FA g (x)=0
oA sHEo] A 7€ APHEN At W 2R
of Mze APHE M 2o AAGA
Qo] E AFEAZAI obd, HAs e} ke
AdzAZANE AFAE wAst] AxH &S
Fola HAs A gARD A& E
oleld mEHQ AFEAAA WEY W
Fig. 37 2 &A= Ay 7] dddon
87 gARDE Adsta, AdE fARdS
ol g3te] A AF7Ivk HHUAE FHvT) o] H

AMED 71MF 309 =24 AED 7IMs vl
skl d9dst AE" 7IRME VIS 7 gl
2ol 7RI SHA A H(full factorial design,
FFD) ¥} 4 z}eiwt 2 % ®(optimal Latin hypercube
design, OLHD) < ©]-&3}it}.

A AEY e B
¥ ECBSE T A=W T8 202 U
q 0 gol Ame A@yel Awwd el
2H5 AlAkste] @ xkgko]l 0.001 ostrF =W A

=
=
z9g FRaarh

2aL Ak

ud o

"g[k (X/m ) —&; (Xk+1 )

||gi (Xk+l)|

o] W), x,, E kr1WA Y AP,
A AAZRA 5, gf = kAA7EA Y /\Et‘g@%
T A Az 75_«] 97 AL o
Eia=g

Agdon A4Y d9dse )

| (10)

o] F-ate] mlaLskgitt,

A

Xopt - Xopt

" |p-La|

x 100 (11)

B = AR A8d A R 2 MATLAB
o] dacefits AHE3HR oM, A2 A 7o
25 12 AFHEHO (first order reliability method,
FORM)S A}&-3}9 T

5.2 Ol A 1: Haupt function example
A HA T A Q] Haupt function 2 (12)9}



)
X

Table 1 Results of Haupt function example

Method No. of 'sample 2, e
points
FFD 49 [2.9187,3.1179] | 4.3865
OLHD 48 [2.8083,3.2992] | 0.5394
CBS 37 [2.8249,3.2783] | 0.1646
IBS 26 [2.8165,3.2766] | 0.0143
ECBS 20 [2.8164,3.2767] | 0.0118

Fig. 4 Haupt function example
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Fig. S Sampling results of the sampling methods (a) IBS,
(b) ECBS and (c) local domain of each method
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Table 2 Results of Choi function example
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Table 3 Results of pressure vessel example

Method No. of .sample ’A‘opt . Method No. of ‘sample f‘opz c
points points
FFD 49 [5.8792,3.4189] | 0.1778 FED 256 [3-991309,100-2830, 71 5835
OLHD 48 [5.8449,3.4254] | 0.0691 » 10]
CBS 33 5.8586, 3.4228 0.0295 OLHD 225 [0.9478, 0.5190, 15.7227
[5. > ] : 43.9267, 157.8768] ’
IBS 25 [5.8545,3.4236] | 0.0000
CBS 82 [0.9601, 0.5251, 19.0397
ECBS 19 [5.8545,3.4237] | 0.0007 44.5757, 148.9828]
[0.8772,0.4842,
IBS 115 40.2739, 200] 0.0543
[0.8796, 0.4835,
ECBS & 40.3948, 200] 0.0094

Fig. 6 Choi function example
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Fig. 7 Design variables of pressure vessel example
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