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Multi-response optimization design based on semi-parametric methods

and Bayesian sampling techniques

Wang Jianjun, Gao Tingyu, Yang Shijuan
(School of Economics and Management, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Constructing an accurate response surface model is critical to achieving reliable experimental re-
sults. Traditional methods tend to make a series of assumptions about the model structure before model fitting.
However, misspecification of the model structure often occurs in the quality design of complex products. This
paper proposes a new multi-response optimal design method to address the conflicts between multi-objectives,
the model structure uncertainty, and the volatility of the response. Firstly, a semi-parametric method is used
to establish a response surface model. Secondly, the model error is corrected based on Bayesian sampling
technology. Thirdly, a multi-objective optimization function is constructed, and a hybrid genetic algorithm is
used to obtain the optimal setting. Finally, a case study is used to illustrate the effectiveness of the proposed
method. The results show that the proposed method can effectively solve the model structure uncertainty and
the influence of small samples.
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U AE BB BRI EE A ety s o 280, 2RI A S8 ST, & ZE i — 0% e
AT RE) 3 3 PR 4 v >R 220 e 7 g A 28 R AT 15 2235 4
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B, Z 2 N A z(x;) WETEEE ¢ x N FHERE. U 2 —NE SN o MET W R 77BN .
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KO 5538 AR 30 R RS R T Al T AR S MO o (AR 5. AR BRAEA B, R RS DU 5 R AR R 2 1
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34 FHEMAGROTES
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BTN g ISR (B AE f5 D02 st v B (1 0 S FUI0 45 2R ¥ 8 AR BR P9 BRI, AT 4 b P S A 2 R )
FIEENE. A28 € MBS R data ANI RS FR A R, Hae L2 R0t vH 45 R 1 D27 5 St =R 1 oh S 08

1 Nsim
P(x) = Pr(y;(x) € Aldata) ~ Nem Z I(g;(x) € A), an
s=1

Hor Nsim ACR MBS AL AL, 1(-) A7nTE e 2.

S B FHREA V AE UA BR N N LSS SRR 45 2R PO 1, I 0.

TE 22 Wi AR AL B it rp, ZEARIR W R AN B 2 1, 2 DB — A 5 2% 0 e 4R AU AR 43 il L e b, 78
TR AR, oo B (0 25 B iR B A R B e, B M DU AT, BRI, FE IR 00T, dad DL 7 A4
AR T3 2o 2 DR Rl 2R U ) B8 ) e B A B 0 A . 75 B Re il i e Ao, L DU 87 J SR M 2 5 AN
AT T i o 2 e A i) A, i Lt RT A e 1 2 i L g T ) 2 B e A e L A 2 i AR e, s
A DACAT AR A Wi S F5INAE 132 B Ja S8 R 24, 10 EL AR AT RASRAS 22 A i S F90 004 Vi 6 Hxh A
B P9 FR B A R A R A
3.5 AXEHRFGENSH LR

B0t 2 i 2 i DI BT A A (8 ) R, AR SCES B A SO AN DU AR B BOR, 32— Fior (7
PRSI HAR, HEARRSE D BT

BB TS IR HEAT 8 B/ ARV (OLS) UM 5 73 745 3 6 T A i) 12 (1 S 800 A g O, 8
J I I S i A S A T B R SR 2 T A ] PRESS™ o30S SR fe (A 98 AEL b

P2 WIS A KA B AESHE 75, MU LLR J5950 ik 25 3R245 31 i P14 5% 22 17 93 3ol it
TS EMEREINAESHAE MG E R & 7.
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HER3 WL DR | AUBER 2 RIS 21 OLS WM& EMAESHUREME(E #. MH MRR2 J5 %41
TR B MO i 7 R ANIRR2 B, 3145 B IS 0 B A B A 3E IR A SR N 454 OLS A ik
AEE 7 ARG SEN R AESBom 1 b i AL g™ & g >F 2 Hmi [ pf T A2 7.

HIR 4 fFES A SCRR13]H R DUl D7 i 3R I L vk 22 UK B AR BEAT IR 2B 1L, RTINS R E 2
B ) S SR ASE T 3RS T L B TR BEAT BT A A, SR IR PN T T Y S B e R TR ZE A AR
S TR, A At BRI FH 22 50 5T 4 2K R BOR SEE H A SR D VR KA A e AL

HIR 5 ARG EAL TR P IR 4 o Fr 3R U 2 5 Bk e Bt AT 25 ik, SRS St i 280 HE.

HIR 6 HH VU7 5 R TTE N S B A 45 A AT SE PR AT PRAG.

4 cfBilsriR

SRR T SCHR13], H 3 2 H (2 — MR AW T S8 s, LS R s ER Rt S 8UE. £i%
TG, A4 BTN OB R] 2y (reaction time) SN i 24 (reaction temperature) Fl #4771 [ F & 23(amount
of catalyst). TR 58 [ %0 B M B & B AL R oy FIHGEZ] o, o, B3R N R i 24 (y, € [80,100]),
HARME 0, B~ 100; 1 GG s A B R 2Ry, € [55, 66)), H HARME 0, e N 57.5. AR K
ST R, AR R AR R N TR O Rl BN 2 () = (1, 21, @0, @3, X1 g, Tol3, T1 T3, T3, T3, X3).
TEAZIRIE Y, I B 0 B & 15 1T (central composite design, CCD)JT & A 5¢ 56, 2 & 4056 1 [A]
bRz A e S A5 R R R 1 TR,

*1 ERAVHRIERITER

Table I The experimental design results of a polymer

IR -T Wi )37
IR P 1 T1 1 Y1 Y2
1 —1.00 —1.00 —1.00 74 53.2
2 1.00 —1.00 —1.00 51 62.9
3 —1.00 1.00 —1.00 88 534
4 1.00 1.00 —1.00 70 62.6
5 —1.00 —1.00 1.00 71 57.3
6 1.00 —1.00 1.00 90 67.9
7 —1.00 1.00 1.00 66 59.8
8 1.00 1.00 1.00 97 67.8
9 —1.68 0.00 0.00 76 59.1
10 1.68 0.00 0.00 79 65.9
11 0.00 —1.68 0.00 85 60.0
12 0.00 1.68 0.00 97 60.7
13 0.00 0.00 —1.68 55 57.4
14 0.00 0.00 1.68 81 63.2
15 0.00 0.00 0.00 81 59.2
16 0.00 0.00 0.00 75 60.4
17 0.00 0.00 0.00 76 59.1
18 0.00 0.00 0.00 83 60.6
19 0.00 0.00 0.00 80 60.8
20 0.00 0.00 0.00 91 58.9

RAE R 3.5 TR TR A St D IR, 45 A LR TR 1 Fraias nl 4% K 7 5 % HH i 2 AR 56 B8, 76 A A 2
S B AR A e N T AR R AR S RO VR A A R BGE BN i R 8, H A R b A AN
M 87 2715 %5 1) PRESS™ BRI 1, B 2 Fira) 23 708 0.68 1 0.35, iR &GS 5UE N 1.



55 1 VERESA%: 4 0 5 K07 VR DU SR AR 16 22 W S AL 705
Xif e BHAR B IEAER gMRR2 — GOLS 4 A\p 4 e HEAT U115 2 5 A1 L FR S 3004358 3 43 oK
GO =81.094 — 1.0291 — 4.04325 + 6.20625 + 2.125x1 25 +
11.3752, 23 — 3.875w0x3 — 1.8382% + 2.946x5 — 5.204x5,
79 = 59.851 4 3.5862;, + 0.255z5 + 2.231x3 — 0.388w129 —
0.0387 125 + 0.313z923 + 0.83627 + 0.07423 + 0.05625.

70 w w w ‘ 6.5
60+ 6.0-
* 50f RN
72} [72]
w2 [72]
& =
~ 40r A 5.0r
30F 4.5¢
200 0.2 0.4 0.6 0.8 1.0 4'00 0.2 0.4 0.6 0.8 1.0
b b
1 WARI{E y1 BY PRESS** & #[E 2 MARI{E y2 BY PRESS** E#[E
Fig. 1 PRESS** function diagram of response y1 Fig. 2 PRESS** function diagram of response y2

SR, ISR 3.3 5 H BT A28 R A 8 A% SR0I20) BB H A3 B8 B B0k R B0 AT S 8L, oSk
Nz, = —0.050, o = 1.682, x5 = —0.063. [FI}, 75 AL B A I i s 13.834, DIt B s
YO ME2E 9 0.813 8. A K SCHR[13] 7 iERNZ R G WSR3 AT 70 4 vl 0, JLHAE IR 45 2 BN 14.663 6, [F]
By 2L DL 17 75 56 M 6 (BRI S5 R 3% A S RE AR VR 75 45 78 BUA% PR PN (R ABE )0 0.602 8. 5 SCHR[13190F 7 45 1 bl st
M5, ASSCHTHE 7 V70 3 BE 5 458 2 R 5 36 M 2 ABL I 4R A SO 72 B T8 45 JOAS TR 2 B8 ) 38 R AL HE — (AL 35,
G 32 B DR SRR 1317 92 3 S B L ] o RS B 6 g, AT 20 MRS 2 43 W) A 5 Mo AR A 8 SR ) s ). T
SCHERI13]H 85 45 H B ARE, A5 30 45 44 (1 A8 A0 1T R 2> IR A% B3 A L 2% 6 R B VPN T b (9 28 0 400 2k i B
DU 3 5 SR MR ). Ab, S T ik SB IR BT R 7 VA M, AR SR SRR DU 37 J5 36 M= 7 v S
BRL10] 1) 2 J0 0 S A5 2K B AU 15 SCHR[201 9 32 B 1 AE S50 SCR201H 32 211 S 805 512 FH R Z R A
RIS I ZEARAE R, HARASE B3R 2 Fs. 5 3CERR201H M HESE07 B 2 S 8077 P R O7 v ST
B, A SCHTHR 7 VAR JH B o S % R BRI RIRS PR N B2 PR AN PEA FE AR EIE T R PRI 5 iR R A 25 SR
DRI I, A ST RT3 7 AN B 58 R 40 2K 5 T A B AR, T ELAE 28 B8 7 i I R PE 2 7 TH 3R 18 TR
P3ETt.

SbAh, AT 3B I E S Bk g5 R AT SR, TE B U S 308 T T R BT R 2 1 e R AR R dE
47 10 000 X BEAUBLRUIMAE. 25 58 2IFEA (B H AH DS, BEIERG 4 AN H0AE s dmEC— K, SBE38R18 T 2 000 K11
Wi AR AR, NS gy A yo SAEE R R B ] 3 AT 4 Fs.

FERE] 3 i, H SR 204 o AR Ly (R4S B 100 FIARAS TR 80. H T-Ma 5 gy B RIEAY ),
B N HARMEAR A 100, B FRMELL LR LR L E S, Hoh, - 4w, HmR g, R0 L BRA TR 2
WIN 55 1 66. B4 A] (LT AR o (1) HARE, BN 57.5. N 3 F01 4 a] %0, e T BEMLIR 222500 1
DRI 2R PRS2 e, 3 7 A ) 7 ) ek 9 A Bl 0 5 6 (0 3 A 52 I B S B AL 3 i 34, LG B e 8 e AR
PRIF—2, SIS /A0 RFAE, DALt mT DA FH JFG o) 7 4R AR R P A S AL 45 R 0 m Stk AR A ok
FHRE LS S, 0T DATE A5 H R A vl S b A9 LV 78 O B2 PRI RIS PR PRI E 2640 331l 9 0.845 2 F110.956 6. 138 (1)
Fuah Rtk — IR SE S HR A 25 SR 1) n] FEME
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2 MUBRIBITAIER

Table 2 Comparison table of optimization results

] 87 T AR
RIE KT 91 72 W ERIR(EL) B PR N2 AE (P)
SCHERI ]I 30 5 SR A 6 ) 86.49  57.75 20.958 1 0.647 8
SCHR[101(Z 76 i 45 2R s ) 93.77  59.98 11.666 2 0.480 6
XHR[13] (A TRERRSFRME) 8977 57.88 14.663 6 0.602 8
ICHR[20] FESEUTE) 93.80 57.21 14.366 1 0.682 4
SCHR[20] CESE0TE) 94.10 57.13 13.990 2 0.701 4
KL TTIECES R B IETTE) 9443  57.85 13.8340 0.813 8
130 : : : 80
75¢
= <
50 . . - 50 . . L .
0 500 1000 1 500 2.00( 0 400 800 1200 1600 2000
IEARIREL IERIKEL
3 MR vy BOBNIEE 4 NAR{E yo HIENIERE
Fig. 3 Trace plot of response value y Fig. 4 Trace plot of response value y2
5 SRiIF

AR SO 2 25 0053k g S R i 18 55 AT 42 PR PR i 7 i TR AR, A IR 25 DL S8 b v x
JIT ALY S P 0 17 TSR AT IR ZE B IR, ANTTTRAT SE IS W« SE AN AT & SR 00 6 o 12 ff T A 20 R4, A3
SR DL 37 5 B R R e 2B VA T S B s R TSR R R R, AR s TR R
B % SRR RE W T 2 L o 1 T A TR 6 A I, DS P 2 M m )A J VR A AT RE 6 AR AT AR B A 1 S5 R AR
T, 5 B S5 K o2 s, MR H AR S 80l 2 2 307 1k 4 25080 BR 3 77 1241 A BE % 3R 45 58 Dy T 5 1) i [ o T
PR,

BEAR, AROK B 7 i Jo B T 3 7 A 2 i S LA AT s A 5 8 L i, AR i B
B REIEE BREMLLT KRR 257 iR R, LR R0 A S R AR SR, I I A e P e
s FE 7= A B BE 25 SR A 55 A% Tk s DA TR BEBOR, o A7 I R R AT SN o 8 M 5 3,
LIt R A 7 I R P A B (Uil B )« B b S B A5 K, %A R R B 3 B AR Pl S8 2 11
TR B HEAT AT > A, RS TT BE RS AR 7 BT BT R ) SR B DR ER R N ADRAL s £ R e DA A R B
B, 7873 ) FH ELIR 4 s IEk X e Pk WS 8 B 7 A A o BT A BUL PO E R ) R, %% P AE 4B OR IR R T
AFAE 7 S ) L, R 5 KB 20 M R TSR AE I BRI, AR AR ™ i o B e v I b n B ik
G0 PR L 4 45 LI N TR 855 R B 3 BT BRI ™ it 5 i B BOR 5 7 R R R R AT s
BE— BT I A HE L
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