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A multi-response sequential adaptive sampling method based on
Bayesian support vector machine

WANG Yan-lin, CHENG Zhi-jun', WANG Zi-chen
(College of Systems Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: To solve the sampling problem in multi-response modeling and support the efficient and accurate
establishment of multiple agent models, a Bayesian support vector machine-based modified multi-response modified
expected improvement for global fit (MR-MEIGF) sampling criterion is proposed. First, the gradient of candidate
samples is calculated by the Bayesian support vector machine model, and the neighborhood is constructed to obtain the
local exploitation criterion based on the projection of the gradient of the neighborhood. The predicted variance of the
sample points obtained by the model is used as the global exploration criterion, and the two are combined to obtain the
hybrid sampling criterion for individual responses. And then, through the local index, the importance of each response
is quantified, and the MR-MEIGF sampling criterion that takes into account the accuracy of multiple response models
is further obtained so as to realize the comprehensive optimization of multiple responses. Based on the MR-MEIGF
criterion, the newly added sample points are selected in the candidate pool. Three 2-dimensional and three 6-
dimensional cases are combined to form a multi-response problem, and compared with the sequential space-filling
method, the traditional one-time space-filling method as well as other multi-response adaptive sampling methods, to
validate the effectiveness of the proposed sampling method, and compare the performance of the Bayesian support
vector machine model with the Kriging model on the 6-dimensional case.

Keywords: surrogate models; multiple responses; Bayesian support vector machine; design of experiments;
sampling criteria; adaptive
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0.03 84.89 116.23 128.89

0.02 138.43 177.39 307.47
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R ZE, HIT AR A A A a3 R K

9T S EUH EE i SRR, B 4 g T fE
i 5 Bl R BE T 5K FL+ F2 + F3 204 il ) R B
SR BN 3 AN REUE IR G S 2 B RN A
L. HAE ST LA B F1 BREUESELT 0 19 X 3
B AL, F2 sRATE 4 AN o5 Ak g RS AL B PR
F3 R 4 )R B JE 4, (H2 AR B B B/ i)
AE A B ] i

] 4 0] DL, 8T afe v Al T vk iy 3 3 il
ISR 732350 0T AR ) A8 A0 S 5 ) DX A T
T AVEI 7 B H & SRR Tk, T IR A T
VRS RIE R S A, HAR A AE TR A 42 R i b vl
By 7e. T B T oA B Y B E & RCRAE T VX R
0 DX 45 1) R RE 0 B i, oo TR FE R T AR B A
=, TR R AR AL 2 2 XS RE B 5. X T 3 AR
B, BT oRIE I B IE RUCRAFE T E S AR R E X
AT T ORAE, TE F1 RO B H O XIS, F2 B4
XL 4 AN A R X3 DL K F3RR 06 BT ZE R A X
o, BT IR VE I H OE R FE TR AT TR
mCV-Voronoi AR LRI F1 AT F2 IZ1AZ {0 1)
X 35, HAE X T BRI F3, Ho 7 (A3 78 R 5.

b5 s 751 W T | o S 7 WS B G AT Uk S o
FH 2 [ 8 F8 B v S5 AN 5] SR 77 0 Ji 24738 4 [X
() 7 A) T 70 ML O SR A T v R AR T [ 4R
FRITVE, & B 9 nT DLAE AR AR ) ZY DX ek AT S A
R AR AE 7, PR B, AR X ol X8 7% (] 3H
PN T A I 5. T R e A, BARTH A
INF T 42 HRH JRI) B A A DX R R AR A T B TR 3
B bR /NE 35 A, IR AR AT i 5
Fos.

/N T AR R T — AN R e 1S A
BR (0K /N TR A Sz 6 25 () 7 2 Y. AR, i/, s
5977 & AR Al &AL A 8 5, TR E B
PG, 8 XE, = [z, @, ..., 2, | B 35 FF A 2 ()
XN

minr = inf{r >0: X C Lnj B(x;,7)}.

i=1
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[FIHFEFaAR 545 AR 4 fios. 3 4 7] I %FF F1
BRI HORT F2 bR ) B /N A AT, A T ARIE I
MR-MEIGF %% % % £, mCV-Voronoi 77 % 7E F3 B
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&34 EFMF AT Nt LS EA S m 3T Q& 2R T & 935
F4 RNBEFERFTEER
BRI F1 F2 F3
KR Ml M2 M3 M4 M5 Ml M3 M4 M5 Ml M2 M3 M4 M5

B/NETYRE 02584 03297 03809 02717 0.3242

05641 0.6111 0.6474 0.6404 0.6435

0.1987 0.2102 0.1600 0.2001 0.2613

®5  ANHEZWNEEPARLEIRZIT AN T SVR RELS Kriging REUEIMEREXTLL

MR-MEIGF(x) MR-MEIGF(+) mCV-Voronoi Adaptive space sampling LHS
BT  NRMSE — — — — —
BSVR Kriging BSVR Kriging BSVR  Kriging BSVR Kriging BSVR  Kriging

0.07 23 51 19 60 67 50 54 84 39 64

F4 +F5+F6 0.06 61 78 65 94 134 75 122 123 110 104
0.05 134 134 162 164 250 166 261 265 215 175

0.08 88 75 87 75 128 91 93 97 47 73

F4 +F5 0.07 121 141 136 147 170 150 239 164 132 231
0.06 189 >300 278 >300 246 >300 >300 >300 240 >300

0.07 13 25 26 40 41 36 54 80 27 39

F4 + F6 0.06 42 44 67 76 77 77 101 116 70 68
0.05 75 86 122 141 147 112 158 164 133 118

TUEREAIRA, FE 4R R S, T IE R A T
AT 7 51 23 (R 3 78 07 9 DA e — IR MR SR B8 1 H 7 i
AAP AR

2) pide i 77725 mCV-Voronoi XfLb. 75 F1 +F2 +
F3 24, mCV-Voronoi £ X FEH#H B H — &1t
R RAE H A Z i N 4H A, mCV-Voronoi NS
BIK.

3) J7 51 3 SR AE 7 325 A R A (] 4 U 1 sk
Lo B HA) BN T RE B R AE N 1. 2R G
M, TSRV R SR AT HE U BAT SR AR 3

4) 7 B A AR 78 A S — IO SR I R T vk
LHS Xf L. & EAN ] () 0] f e B L. (R E R
ZHAGOLT, P AE A BT LHS AR AT 45
A, 5 R ] g 2 7E 4 ) R B A (R E 7 T v
HIE AT IRAELEA L.

5) PR AP ER B T VA I RE XS LU AN [F] SE B W v 2%
T, DU SRR A LA S AR P BEAL T Kriging 52
R, PP B R AR R B I
s 8

AL XT 22 W) 7 g A o BRI A Rk B ) R, B2
T R T DU 7 e s 3R SRR 1) AL ) 22 e
J7 5 IS SR AEHESE, IR T bkt 7R A e
PERAE )%, $2 H T MR-MEIGF RAFHER. A T 56
WE T B 7 VE A v, AR 3 A 4RI ek H R
3 N NYENN R B AT J7 VAN EEEGUE. 78 BT H 2 i
NP B E IE BRAE T iR, 6T R A 4 R 4B bR
HE XA ImE ek F, WA ST ABAA
[) AR 1, AR SCAE A9 R o I R R 2EL 5 O SO AT T
FR. BRI 2 SRR, TR 22 e Y B 3

KA — RV RFE Tk 7 B 3R 7
LA G — TR 2 W N S SRR T R B R A,
AR, BT L1 MR-MEIGF #E U 4 5 541
BE— 2D, 18 E B A (A SHTE SR bR, LUAL 5 MORFE
T3 RAE W) AR A DX A TR SR TE R e, 3o
BINIE 1 38 R R AR T 5.
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