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Multiresponse Optimization Using a Response Surface Approach
to Taguchi’s Parameter Design

Woo Sun Lee - Jong Hyup Lee
Dept. of Statistics, Sungshin Women's University
Sungsue Rheem
D(_ept. of Informational Statistics, Korea University

Abstract

Taguchi's parameter design seeks proper choice of levels of controllable factors
(parameters in Taguchi’s terminology) that makes the quality characteristic of a
product optimal while making its variability small. This aim can be achieved by
response surface techniques that allow flexibility in modeling and analysis. In this
article, a collection of response surface modeling and analysis techniques is
proposed to deal with the multiresponse optimization problem in experimentation

with Taguchi’s signal and noise factors.
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1. A&

1.1 A4 A7)
Aol & = &e3 27 (uncontrollable noisy environment) &AM E EZEA]
X7} Wxzo] oA HA g 7AEE Aoj7ls 3§ 2<% (controllable factor, ©]
3 743 Ao] 8 (control factor)oE ¥ 7%, ThERE o]E A3 8 ?(signal
factor)22 H7|SRS)EY FEHES AHde A7 SAEtvly A A(parameter
design) FAolt}h. o] EAE 9FH (MO, Genichi Taguchi)ol &3ty #7152, o
FRE o] EA9 HAYoz Aol £ US| <E(nner array)d Fe8 F
F9o o|Zujd(outer array)E LAAIZ Wl D(crossed array)el <3 AP ANHEIG
SNH|(signal-to-noise ratio)ol &% HFASEAARHE ALeArt. 28y, b+
o] dote g S e uigle, X UHELS o8 FAEAE Ysto, 4FY
TR UF ZWEAE Ao_AEHY 435 % &(interaction) &S H7HeHA] Edt= F
| ZA Aol v g&Holn, BAUYPE ofvjsitte vl#E ol gk oK WE
H 33 SAGAELS dAES AXFEed, 2 F WEHQA Aol HEEALHE

d(combined array)& Alg3ln APEMAN= HaH A FAERF
(simultaneous modeling of mean and variance)E ©]-&3tE ¥ oltH(Vining and
Myers, 1990; Myers, Khuri and Vining, 1992, Myers and Montgomery, 1995).

AA AT E TR BAE e FHASAZXIE E o4 Bt FF
k. setwig AA7E ofd dwkAQl RESFHAA N g APNA oA FEEA
AEo HFAESL BAHoE HAHFI}E FAT Myers and Carter(1973, dual
response approach), Derringer and Suich(1980, desirability function approach),
Khuri and Conlon(1981, generalized distance approach) E°l ¢l3te thgolxd sith.
B AR e ¥ (quantitative) FAEFXE] & ol AL dd FASHA
TES SANHLE HAGEY FAEAXNEY Feadd 9 HFES A
Hrzlsle AJQdEe FEHES A= FAE A7EL, o] FAE %
TAUA MAst= HHEE AASLA g
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AFAAZE 7R A d S EHEY Aol BT Agrbs g, W
SHEHA Auidol Bt AAHolm ZgAolgtn &k Aol M(xl, x2, x3)
ol AZFacgle]l E(zl, z2) A 24 F U AFAEAJ] dFHA maE
Z A1 34 A Al (central composit design, ©1% CCDZ #7]8)el A% vtSEHA 4
g 2zt <F 1>, <X 2>9 2
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< E 1> ChEMA DG (L x 2°) <E2>ESEHN Hed
AAT x1 x2 x3 z1 22 A E  x1 x2 x3 z1 z2
1 -1 -1 -1 -1 -1 1 -1 -1 -1 -1 1
2 -1 -1 -1 -1 1 2 -1 -1 -1 1 -1
3 -1 -1 -1 1 -1 3 -1 -1 1 -1 -1
4 -1 -1 -1 1 1 4 -1 -1 1 1 1
5 -1 0 0 -1 -1 5 -1 1 -1 -1 -1
6 -1 0 0 -1 1 6 -1 1 -1 1 1
7 -1 0 0 1 -1 7 -1 1 1 -1 1
8 -1 0 0 1 1 8 -1 1 1 1 -1
9 -1 1 1 -1 -1 9 1 -1 -1 -1 -1
10 -1 1 1 -1 1 10 1 -1 -1 1 1
11 -1 1 1 1 -1 11 1 -1 1 -1 1
12 -1 1 1 1 1 12 1 -1 1 1 -1
13 0 -1 0 -1 -1 13 1 1 -1 -1 1
14 0 -1 0 -1 1 14 1 1 -1 1 -1
15 0 -1 0 1 -1 15 1 1 1 -1 -1
16 0 -1 0 1 1 16 1 1 1 1 1
17 0 0 1 -1 -1 17 -2 0 0 0 0
18 0 0 1 -1 1 18 2 0 0 0 0
19 0 0 1 1 -1 19 0 -2 -0 0 0
20" 0 0 1 1 1 20 0 2 0 0 0
21 0 1 -1 -1 -1 21 0 0 -2 0 0
22 0 1 -1 -1 1 22 0 0 2 0 0
23 0 1 -1 1 -1 23 0 0 0 0 0
24 0 1 -1 1 1 24 0 0 0 0 0
25 1 -1 1 -1 -1 25 0 0 0 0 0
26 1 -1 1 -1 1 26 0 0 0 0 0
27 1 -1 1 1 -1
28 1 -1 1 1 1
29 1 0 -1 -1 -1
30 1 0 -1 -1 1
31 1 0 -1 1 -1
32 1 0 -1 1 1
33 1 1 0 -1 -1
34 1 1 0 -1 1
35 1 1 0 1 -1
36 1 1 0 1 1

<E 1>9 gAY IS AP35t 36olu HAT Ao 2 A(xl, x2, x3)#
FL (21, z2) Atole] A3 2H&(interaction)EW H7ME F UL B—FAEHA o
Aozt vTdEdL Aoj8Adn F58d Ateld] FxFgoez £ F A5—A
LAETRS H4EFE2 BF7tE F vk old HlE FAHAA A W(center run)EF
7b 490 <E 2>9] RIS A P3| ert 6% A FouAE, Agus 14H
1674719} FE (2 FEAA)o] Resolution VOl Aol 7]1ske], Aot g9l
Atole] FEAEEER oy} AojadEre HdEAEE HME F de IHG
)& 7HA 3 k. S AP FE peoldt & ), <E 2>AM % 2e A

WA e] AgslgE 22+ ny 2 <E 1>914 9 Al 369 vl& FAAHLL
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97 BEE FEss 4%;.%% <& 1>9 uzpujde], z+ AAade FEXH

g FEade RE FEEF vuA HY S, F
8059 W 71 £33 robust) M8 FEXFE FU)o Eo HHI
FAE 7 ) o] FHAE E8 e otk Iy, <F 2>¢ Auidd QsiM =
A e JEazt 45ALaHe FH ol A Bite EYsE FIY
FEaAse Hgd £7F Aol FEFES FHE Atk 28R, <FE 1>9
apj g e Aoagl FEZEELS 9FF(-1,-1-1; -1,00; -1,1,1; 0,-1,0; 0,0,1;
01,-1; 1,-1,1; 10,-1; 1,1,0)olZ &AL FFZ2FEL 4F7F(-1-1; -1,1; 1-1; 1,1
o|x|gt, <& 2>9 AFuIAAE AL FEZFEL 15E7(-1,-1-1; -1,-1,1;
-1,1,-1, -1,1,1; 1,-1,-1; 1,-1,1; 1,1,-1; 1,1,1; -2,0,0; 2,0,0; O, 20, 0,2,0; 0,0,-2; 0,0,2;
0000l FFad FEX2FEL 5FF(-1,-1 -L1; 1,-1, L1, 00, #H&EHH Z
ool Ho ggs 2AEAY AdEdgE 1 RYS ATYE F UdeE &
T AT B, 499 EHo] ¥R AEY ¥ MF E48 Ao FERES
2= ARE ol giREY AS, BAE FolwA HAAEgS HASA st ey
(compromise)e] B asta, FA i Bo A& oldlx HRstt <F 2>9 e
A E L, AALJETY Y3 ALA FrrbsstA stn Ha#d BAke fEA
B3 387A 7lesH 2gsled glojM e &5 A (flexibility in modeling)& A&
3la, o]} e B Aol HEA(process variability)® Z& FAIAAE o} 3)
st o =58 ¥ 9} Zol BARH B FEAolgE F uigl E7
g A & == ‘?l% Az ol A4 wamEnt o i & &
ATHA A4, 1995; Myers, Khun and Vining, 1992).
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2y)E & HFAAN A3 AdLdEH J’%&?_Ei o]Folxl= EF & (model
term)E S FRTAA EP Eod FEE FHARAAA ) HFAHIEE 0] &3}
o Zehdich WA 23 ogt Eﬁé(second—order polynomial model)& A§A 7 F, F
T2 A (test of lack of fit)& A5t} AFAA7} FoatA] dod 24 =y 7
=& ez Aedds A, 22 B¥o HPAArE fosid 33 BY &5

2 Yo WsMEe AAd

(i) 7 FAE5AAAN qF 7EEG Eojd 5] BF AFHY, o8 FAEALA
ol did RPES FA FAIT It oz e APxd oA SAHHE F
AEAAXE7 o] A (correlation)o] EAE & Y 7 FAEALA Y i 7 ERF

=
2= pul =
Eold 5ol ZF EAT 2L Aol BEY HFolmZ SUR(seemingly unrelated
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Agatel mYel HAAFES

regression) 28 & AA BEAEd UF RYPoR
o2 FA%

FGLS(feasible generalized least squares) %%

(i) ZZe] 7|EERP o2 HE %
AL AojgdesEw FE
o] B4R o] F3|ZT,

y)r

rk*l o
qn ez

o
ox o

I+
o},

g W Az grid @ EANX kN HoE dlste] e A (desirability)
grasS 7ot o]l HYstY HTE9 ugA A (desirability of means) & @&
stoh, =8 kY EEHEAE dItdE uiE AN drgES FIta ol A3
&9 vl @2 A (desirability of standard deviations) ¥4zt +3ch ohg,
H d ot REUEA vEAA F4E JHI HFXE Fol AEEA H
3 FEAAEY £F vt AY(overall desirability of means and standard
deviations) &+& Aot o] T uiEAAN FFHE HAudse AJLAEY
FEFES Ferh
A 248 o (1), Gi), Gii), (vE FAYer HAdadct APuoleE o] &3
AA = A ATt

21 2+ FAEAA ] digk 7[ERYS 23 Ay AE

ZAENAE y, ARAES x, -, 1, (LAY F4EZ D), FL8AE
Sz, v, 2, (7S] Fto] 0ol3 Bate]l Lol AT A#H A ¥ FE
A3E2 st dholet shab getue AV R qxudels werHA A7
ol E 2zt TAEANA YatdEs e 2L 72 nge] HEa 4 Aot

y = flxy, -, x,) + gaizi_!_ ;Jg’lﬁxizi’l'e

o 7] A

flxy, =, %) =(xp, -, x,)8 G4

e=9xgo2 HF 0, B dolH z, -, 2z, % ARHo] YA &

Fl°
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ZIER@AME f(xy, -, x,) B 24 REIARFE, F5HEILE, 281 AF
FEZ ol FojF)o] AHgHI gled, TR wAEY Fee g v R
W3 AgMEy Aol v F3AEFdEY AFrt o Foh

29 Aol AR NeEAY APNI S AL B

AR f(x, o, x,) 2 SAGD 23 GREYL ALsd EEge AgA
5 Agde] A4 AN BT

494 274 4% 2% wye 4gAelst foaA Bow, 27 2Y L o

Feoz WUFAEHES At dEd RFEYR £ s '—ztr_/-:(reduced) 27 ¥
et

Ao HA 2 22 2¥ HFAA7 fostd, 32 2F FEL RYLeE
Haeddg s dAste ddd weent C°1 Ve 4 33 B¥E Ze=r

E3dgEyiozs Cp7t 7MY A2 2¥FS e WA $£3ZF AT (adjusted
RO7b 743 & 298¢ 2: wye *}%6 =d, #& Cp 233 AW FHZAAS
2gol Td3A god F EEY F FoII FFA o HHdvn FPHE RYE
Adests WS AHSEH. JFHes A9d ¥ dstdx AEdoq HAFS 4
A B -Er@.ﬂl /‘}%% Efféﬂ E}%“é% e Ao H}%‘X‘G}E}

3} o

-’F‘i‘ﬁ@"]‘% = 23 539]94 2HE A= AL A J(Box Hunter and Hunter 1978
p. 523)8ta UAA R, 2x BHPe| HFA
2g FE JL AT BE o2 FHEe o] ojd Zﬂ°1ﬂ% &7 %% ZFE AL
vz 2z 29 HAPFAN7 /9T o 31} o] 49|

g dolgta & & UATh oA HSo AFAHs
g myolgta £,

o 8

nb‘.

[¢] 2.1] Khuri and Cornell (1987)9] 282 #Ho]A|dlE= Awwis7l oAl 7jola wke
F7F Al A CCD A3 delg7t o d71A4 e dAguiy A A Aoy
(X1, X2, X3)olgtx 3lx, H9 AB¥s F Mg FSHEFEZL, Z2)012ha 4. 2
i g A Jf F HY T AE HSY 47 10002 UFo] Y1, Y2' AL
o] AF dolelol Mol HAIFHAEZE <F 2>oMYg HAAZ 7] Yo Khuri and
Cornell(1987)¢] 282 #H o)A = Holete] A& F £HRT FES AASY <&
3>& AUt ofA o] HlolEtE o] &3l 29 BN HAES A Astaal )
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< 3 3 > Khuri and Cornell (1987, p. 282)0fl M b3 st o 0] E]
2kl X1 X2 X3 Z1 72 Y1 Y2
1 -1 -1 -1 -1 1 10.82 0.814
2 1 -1 -1 -1 -1 824 0.696
3 -1 1 -1 -1 -1 953 1.050
4 1 1 -1 -1 1 759 0.812
5 -1 -1 1 -1 -1 11.63 0.808
6 1 -1 1 -1 1 . 839 0.763
7 -1 1 1 -1 1 1343 1.030
8 1 1 1 -1 -1 736 0.769
9 -1 -1 -1 1 -1 10.27 0.872
10 1 -1 -1 1 1 8.36 0.740
11 -1 1 -1 1 1 12.72 0.985
12 1 1 -1 1 -1 8.25 0.941
13 -1 -1 1 1 1 13.63 0.959
14 1 -1 1 1 -1 855 0.768
15 -1 1 1 1 -1 12.34 1.000
16 1 1 1 1 1 851 1.040
17 -2 0 0 0 0 12.83 1.000
18 2 0 0 0 0 6.51 0505
19 0 -2 0 0 0 12.17 0.712
20 0 2 0 0 0 9.82 1.010
21 0 0 -2 0 0 8.84 0.858
22 0 0 2 0 0 11.47 1.030
23 0 0 0 0 0 11.79 1.040
23 0 0 0 0 0 11.83 1070
23 0 0 0 0 0 11.20 1.040
23 0 0 0 0 0 11.80 1010
A Yio] @& 22 RYg& HAFAIII o] B AP A A SAS

2= ofehel Yot ek

OPTIONS CENTER LS5=82 PS=55 NODATE PAGENO=1;

DATA A; INPUT TRT X1 X2 X3 Z1 Z2 Y1 Y2; LACKFIT=TRT;
X1X2=X1*X2; X1X3=X1%X3; X2X3=X2+X3; X1X1=X1*X1; X2X2=X2+X2; X3X3=X3+X3;
X1X1X1=X1X1+X1; X2X2X2=X2X2+X2; X3X3X3=X3X3*X3;
X1Z1=X1xZ1; X172=X1%72; X27Z1=X2x71; X2Z22=X2%72; X371=X3+Z1; X3Z2=X3*Z2;

LINES;
1 -1 -1 -1 -1 1 10.82
2 1 -1 -1 -1 -1 8.24
data lines
23 0 0 0 0 0 11.80

TITLE ’'Second-Order Model for Y1';
PROC REG DATA-=A;

0.814
0.696

1.010

MODEL Y1=X1 X2 X3 X1X2 X1X3 X2X3 X1X1 X2X2 X3X3
Z1 72 X171 X172 X271 X272 X371 X3Z2 / VIF,

RUN;
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TITLE ‘Test of Lack of Fit of Second-Order Model for Y1’
PROC GLM DATA=A;
CLASS LACKEFIT;
MODEL YI1=X1 X2 X3 X1X2 X1X3 X2X3 X1X1 X2X2 X3X3
ZY 72 X171 X172 X271 X272 X371 X372 LACKFIT / SS3;

RUN;

Yiol B8 24 2¥9 4¥Fd AAARE YHUE SAS £2E ofdol AT
o HgEelt fa¥e ¢ & Uk

Test of Lack of Fit of Second-Order Model for Y1

Source DF Type III SS Mean Square F Value Pr>F

LACKFIT 5 462427727 0.92485545 10.02 0.0433

X

4 Yiol #alA 34 2% 352 oz "adde AAG o2 A4¥ SAS
ted 2o

o]

=1

r\r

TITLE ’Selection of Variables of Third-Order Model for Y1';
PROC REG DATA=A;
MODEL Y1=X1 X2 X3 X1X2 X1X3 X2X3 X1X1 X2X2 X3X3 XIX1X1 X2X2X2 X3X3X3
Z1 72 X171 X172 X271 X272 X371 X3Z2 / SELECTION=CP ADJRSQ MSE BEST=20;
MODEL Y1=X] X2 X3 X1X2 X1X3 X2X3 X1X1 X2X2 X3X3 X1X1X] X2X2X2 X3X3X3
Z1 72 X1Z1 X172 X271 X272 X371 X3Z2 / SELECTION=ADJRSQ MSE CP BEST=20;
MODEL Y1=X1 X2 X3 X1X2 X1X3 X2X3 X1X1 X2X2 X3X3 X1X1X1 X2X2X2 X3X3X3
Z1 72 X17% X1Z2 X271 X272 X371 X3Z2 / SELECTION=MAXR;

RUN;
9 SAS ==9) 29 F A4 CpE 2E 239 EF A +444A4E 2:
5399 8¢ ANGE PEe G 2o

Selection of Variables of Third—-Order Model for Y1
N =26 Regression Models for Dependent Variable: Y1

C(p) R-square Adj MSE Variables in Model
In Rsq

6.6902 0.961090 11 0.930517 0.30445 X1 X3 X1X2 X1X3 XIX1 X2X2 X3X3 X2X2X2 Z1 72
X172
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Adj R-square Clp) MSE Variables in Model
Rsq In

0.937363 0.972440 14 10.1552 0.27445 X1 X2 X3 X1X2 X1X3 X1X1 X2X2 X3X3 X1X1X1
' X2X2X2 71 72 X172 X271

238 SELECTION=MAXR(maximum R’ improvement technique)?] Z&

o Bl By, Zlo] #EE AZALE g3 7227 BHEA AZFALT 9
ARAAT RS A9372 sd. (4 Cp Edolle Z13 Aozt

zZhg go] gledl, o] Afde AMALAE o] &3t Zld 45‘ HEs FA
o] E7bsdtth) MEd 2y HIAS HAL AT SAS Z=E ohgy 2

_(1),]

T4

1

5
%

LU
L

,Eshigrlrmlo
>}L}o1'£_°,l:-1n

TITLE 'Test of Lack of Fit of Third-Order Model for Y1’;
PROC GLM DATA-=A,

CLASS LACKFIT;
MODEL Y1=X1 X2 X3 X1X2 X1X3 X1X1 X2X2 X3X3 X1X1X1 X2X2X2

71 72 X172 X271 LACKFIT/ SS3;
RUN;

Yiol @3 ddd 3% 29 AFA] AAAHE el SAS £9& obdg
2t} 7)o A A AT 95 A] ¢SS B S 9o

Test of Lack of Fit of Third~Order Model for Y1

Source : DF Type III SS Mean Square F Value Pr>F

LACKFIT 8 2.74203561 0.34275445 3.71 0.1541
q%g Yool %% 2% 282 HFAL o] 2y AFA PR AAee
AS I & AF3

TITLE 'Second-Order Model for Y2,

PROC REG DATA=A;
MODEL Y2=X1 X2 X3 X1X2 X1X3 X2X3 X1X1 X2X2 X3X3
Z1 72 X171 X172 X271 X2Z2 X3Z1 X372 / VIF;

RUN;

TITLE ’Test of Lack of Fit of Second-Order Model for Y2';
PROC GLM DATA=A;
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CLASS LACKFIT;
MODEL Y2=X1 X2 X3 X1X2 X1X3 X2X3 X1X1 X2X2 X3X3
Z1 72 X171 X172 X271 X272 X371 X3Z2 LACKFIT / SS3;

RUN;

Yool #@ 23 RY9) HGA AAAAE HEiE SAS 29& olg 2ok o
ANA AR FATe S F Ak

Test of Lack of Fit of Second-Order Model for Y2

Source DF Type HI SS Mean Square F Value Pr>F
LACKFIT 5 0.02770413 0.00554083 9.23 0.0484

olA Y2¢ &4 3aF By FYEL UFeE HFEHHE AAF o] 3% SAS
aeE oed 2o,

TITLE 'Selection of Variables of Third-Order Model for Y2';
PROC REG DATA=A,;
MODEL Y2=X1 X2 X3 X1X2 X1X3 X2X3 X1X1 X2X2 X3X3 X1X1X1 X2X2X2 X3X3X3
Z1 72 X171 X1Z2 X271 X2Z2 X3Z1 X3Z2 / SELECTION=CP ADJRSQ MSE BEST=20;
MODEL Y2=X1 X2 X3 X1X2 X1X3 X2X3 X1X1 X2X2 X3X3 X1X1X1 X2X2X2 X3X3X3
Z1 Z2 X171 X172 X271 X272 X3Z1 X372 / SELECTION=ADJRSQ MSE CP BEST=20;
MODEL Y2=X1 X2 X3 X1X2 X1X3 X2X3 XI1X1 X2X2 X3X3 X1X1X1 X2X2X2 X3X3X3
Z1 Z2 X171 X1Z2 X271 X272 X3Z1 X372 / SELECTION=MAXR;

Selection of Variables of Third-Order Model for Y2
N =26 Regression Models for Dependent Variable: Y2

C(p) R-square Adj MSE Variables in Model
In Rsq

7.8639 0.986529 12 0.974094 0.000558 X1 X2 X1X1 X2X2 X3X3 X1X1X1 X3X3X3 71 72
X171 X371 X372

Adj R-square Cip) MSE Variables in Model
Rsq In
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0.977497 0990099 14  9.7800 0.000485 X1 X2 X2X3 X1X1 X2X2 X3X3 X1X1X1 X3X3X3 Z1
72 X171 X172 X371 X372

9 ¥ 23& SELECTION=MAXR®| &#$& E3l9 Hlmsld Ru, Aojals 3
229 7+e A3 FgEo o Be HU FAHARNEASF BYS AHIHIE g
Aed 2y HAgAS HAAS 9% SAS ZEE e 2o

TITLE 'Test of Lack of Fit of Third-Order Model for Y2';
PROC GLM DATA=A;
CLASS LACKFIT;
MODEL Y2=X1 X2 X2X3 X1X1 X2X2 X3X3 X1X1X1 X3X3X3
Z1 72 X171 X172 X3Z1 X372 LACKFIT/ SS3;

RUN;

#E YehllE SAS £8& ool

Test of Lack of Fit of Third-Order Model for Y2
Source DF Type HI SS Mean Square F Value Pr>F

LACKFIT 8 0.00353140 0.00044142 0.74 0.6772

249 SUR 289 FGLS 4

4 150 RE ZAE @& Ao| REo|t)

a3, 298 APzA soA 2AHE EFENXNELAE AT (correlation)©]
}é

, y,(nx1)E i

i

o
A EAEAY BEFX AR olFoiAe € HEHL du, W, E y, & 43

iy

H4Ee g HEERE o]Foly FHolagln 30, & 05EF o|Fojx dHo|gga
3E, RE EAEANEY A2AE9 9 HEHES AZE JdAT HA #FSHH
y(krx1) & &3 & SUR 28 o2 el 4

y= Wa+ ¢

e
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V1 w0 - 0 a €

i 0 W 0 &)yl e

Vi 0 0o - W a €
NERFINE I WE Folxl Aeg B fEd Cov(y)= Cov(e)2 €
Eos ¥z sl WA EAEHX] B4 Var(y;)= o oIz 8%, i

A %‘@‘E‘}‘é %) 9 thﬂ_/;(“ %‘@%‘“*c!x] 2}91 FEAS Cov(yz-,y,-)=az-,-3}i 5}%,

&€ 0‘? I P 019 I n 014 I »
COV(E) - COV .82 = | 012 I n O'% .I n O I n
€r le.I P 0-2/@. I n 0%3 I n

oy 0 **° On
= |%20%2 "%, = 2I®I, (1

O Oor ™ Ok

7] ®% Kronecker productE® WeEbdth o] SUR REolA 9 AAIAAST HH

a ¢ FGLS (feasible generalized least squares) 4 X+

~ L, o~—1 ~ ., ~—1

=W (Y ®I,H)DWI'W(XY ®1,)y
oldl, SASY PROC SYSLINE AM&3td 78 4 ok, 44, 1998).
(o] 22] <E 3> Holgo] o 21004 & 2 TASAA B 289 &

o o
3l] OLS(ordinary least squares) A3 XE3 SUR 23 e] FGLS 2AAES Y
T3] AHA 7] SAS ZEE ol A=

TITLE ’'Seemingly Unrelated Regressions (SUR) for Y1 and Y2';
PROC SYSLIN DATA=A OUTEST=EST SUR;
Y1: MODEL Y1=X1 X2 X3 X1X2 X1X3 X1X1 X2X2 X3X3 X1X1X1 X2X2X2 Z1 72 X172 X27Z1;
Y2: MODEL Y2=X1 X2 X2X3 X1X1 X2X2 X3X3 X1X1X1 X3X3X3 Z1 Z2 X1Z1 X1Z2 X371 X37Z2;
RUN;

TITLE ’'Comparison of OLS and FGLS Estimates’;
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DATA ESTPART; SET EST; DROP _TYPE_ _MODEL_ _DEPVAR_ Y1 Y2;

PROC TRANSPOSE DATA=ESTPART OUT=TRANSEST; VAR _AlL_§
RUN;

DATA TRANSEST; SET TRANSEST;
LABEL _NAME_="Model Term’

COL1="OLS Estimate in Model for Y1’ COL2="0OLS Estimate in Model for Y2’

COL3="FGLS Estimate in SUR Model for Y1’ COL4="FGLS Estimate in SUR Model for Y2';
PROC PRINT DATA=TRANSEST NOOBS LABEL;

VAR _NAME_ COL1 COL3 COL2 COL4; FORMAT COL1 COL3 COLZ COL4 10.6;
RUN;

9 SAS Zeadel 28 F 99 DM N9 FRAst
obee] Ath,

Seemingly Unrelated Regressions (SUR) for Y1 and Y2

SYSLIN Procedure
Seemingly Unrelated Regression Estimation

Cross Model Covariance

Sigma Y1 Y2
Y1 0.2744486915 0.0064477365
Y2 0.0064477365 0.0004846724
Cross Model Correlation
Corr Y1 Y2
Y1 1 0.5590524413
Y2 0.5590524413 1

58 Corr(Y1, Y2)=0559¢< & 4 o} Y1 Y2°ﬂ T3 Y =9 A
FE° OLS #3AE# FGLS FAAEL vh&F &k (OLS FHAEL Corr(Yl
. . 9

3P FAHAE|A FGLS FAHXEL Corr(Y], Y2)E 19

Comparison of OLS and FGLS Estimates

OLS FGLS OLS

FGLS
Estimate Estimate in Estimate Estimate in
Model in Model SUR Model in Model SUR Model
Term for Y1 for Y1 for Y2 for Y2
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_SIGMA_ 0.523879 0.534403 0.022015 0.022454
INTERCEP 11432727 11.432727 1.032205 1.032205
X1 -1.941667 ~1.941667 ~0.041167 -0.041167
X2 0.224167 0.215852 0.075125 0.075125
X3 0.575833 0.539412
X1X2 ~-0.250000 -0.235865
X1X3 -0.488750 -0.551109 . .

X1X1 -0.551818 -0.551818 ~-0.073824 -0.073824
X2X2 -0.220568 -0.220568 -0.046699 -0.046699
X3X3 -0.430568 -0.430568 -0.025949 -0.025949
X1X1X1 0.090417 0.090417 -0.020646 -0.020646
X2X2X2 -0.202917 ~0.198759 . .
Z1 0.383750 0.383750 0.035188 0.035188
z2 0.423750 0.423750 0.014938 0.014938
X172 -0.367500 ~0.367500 0.007688 0.007688
X271 0.167500 0.128422 . .
X2X3 ~-0.007813 -0.007137
X3X3X3 0.011132 0.010527
X171 0.020938 0.023815
X3Z1 0.014438 0.015465
X372 0.040938 0.040380
Aol dolA SIGMA = 2 IARHe oxge] FEAAE etk $es
SUR Ego|A e FGLS FAHXES & EAo Alg3it).
2.3 7z | S5 X9 g 4] A 2¥3)
7} FAEAA yoll t3ld,
x=(x1, %3, , %), z2=1(z1, 29, **, 2,)°,
/111 /112 /1 1b
8= (01, &, =, &), A= |t Az Az
A al A a2 7"’ A ab
0 o 0 0
E(z)=|0|, V =Cov(z) = |0 =~ 0| - 21,
0 0 0 A
E(e) =0, Var(e) = ¢
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E(y) = p, =(xq, -, x,)9 t32 (3)

Var(y) =0 =+ (8 + 2 A) V(& + x A
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z;E Be gol -1, F37F #ol 0, =2 Fol 1o] HxF I=sld A Feacld
g, (F G)oNA o (noise variance)d] L, 7+ z;9 F£F 00] ZF A9 HF
of &H &+ z;9 & £lo (I HL8UY HHE) + ¢ (ZF FS8d9 EEHA
1ol We" w, ¢"?o= Eti(Myers and Montgomery, 1995, p. 493). Z F&
899 HAY FEHXE AAAARY BAY FAFo 93] FoAAE Aoz g} (3)
I} 49 28 7t 2y g AFES VEEY 29 2y FE9 FGLS FAHAE
2 Yoz =RAAY @AY ¢ (error variance)d FAXE 71ERE (2)9 2
' i

[dl 23] o 22414 FGLS #Hoez FAHH Y1H Y29 7|ERgEo 93 Y1, Y2
o2 Sl SAS I=+ U3 Zr). o] SAS ZEE



180 =27 953 A A27d A1z 19994 3¢

DATA COEFF1; SET EST; IF _TYPE_='SUR’ AND DEPVAR_='Yl’;
KEEP INTERCEP X1 X2 X3 X1X2 X1X3 X1X1 X2X2 X3X3 X1X1X1 X2X2X2 71 72 X172 X2Z1;

DATA MSEL SET EST; IF _TYPE ='SUR’ AND _DEPVAR_='Yl";
MGSE1=_SIGMA_*_SIGMA_; KEEP MSE1;

DATA COEFF2; SET EST; IF _TYPE_='SUR’ AND _DEPVAR_='Y2’;
KEEP INTERCEP X1 X2 X2X3 X1X1 X2X2 X3X3 X1X1Xi X3X3X3 Z1 72 X171 X1Z2 X3Z1 X372

DATA MSEZ; SET EST; IF _TYPE_='SUR’ AND _DEPVAR_='Y2’;
MSE2=_SIGMA_*_SIGMA_; KEEP MSE2;

TITLE,
PROC IML;

USE COEFF1
VAR {INTERCEP X1 X2 X3 X1X2 X1X3 X1X1 X2X2 X3X3 X1X1X1 X2X2X2 Z1 Z2 X172
X2Z1}; READ ALL INTO COEFF1;
USE COEFF2
VAR {INTERCEP X1 X2 X2X3 X1X1 X2X2 X3X3 XIX1X1 X3X3X3 Z1 72 X1Z1 X172 X3Z1
X3Z2}; READ ALL INTO COEFF2;

USE MSEL READ ALL INTO MSEL
USE MSE2; READ ALL INTO MSE2;

YI1INT = COEFFI1[ 1];

YI1X1 = COEFF1[ 2, Y1X2 COEFFI[ 3], Y1X3 = COEFFII[ 4];
Y1X1X2 = COEFFl[ 5, Y1X1X3 = COEFFI[ 6]; YIX2X3 =0

Y1X1X1 = COEFFI[ 7], Y1X2X2 COEFF1[ 8; YIX3X3 = COEFFI1[ 9
Y1X1X1X1 = COEFF1[10]; Y1X2X2X2 = COEFF1[11]; Y1!X3X3X3 = 0;

Y171 = COEFFi[12}; Y1Z2 = COEFF1[13];

YIX1Z1 = 0; Y1X172 = COEFF1[14};

Y1X2Z1 = COEFF1[15]; Y1X272 = 0;

Y1X3Z1 = 0; Y1X372 =0

Y2INT = COEFF2[ 1J);

Y2X1 = COEFF2[ 21, Y2X2 = COEFF2[ 31, Y2X3 =0

Y2XIX2 =0 Y2X1X3 =0; Y2X2X3 = COEFF2[ 4};

Y2X1X1 = COEFF2[ 5], Y2X2X2

i
@

OEFF2[ 6]; Y2X3X3 = COEFF2[ 7I;

Y2X1X1X1 = COEFF2[ 8l; Y2X2X2X2 = 0; Y2X3X3X3 = COEFF2[ 9];
Y271 = COEFF2[10]; Y272 = COEFF2[11];

Y2X17Z1 = COEFF2[12]; Y2X172 = COEFF2[13};

Y2X2Z1 =0 Y2X272 = 0;

Y2X3Z1 = COEFF2[14]; Y2X3Z2 = COEFF2[15];

DELTA1 = Y17Z1//Y1Z2;
DELTAZ = Y2Z1//Y272;
LAMBDAI1=(Y1X1Z11Y1X1Z2)//(Y1X2Z111Y1X272)//(Y1X3Z1||Y1X3Z2);
LAMBDA2=(Y2X1Z11Y2X1Z2)//(Y2X2Z1(1Y2X272)//(Y2X3Z1||Y2X3Z2);

Ml = YUNT // Y1X1 // Y1X2 // Y1X3 // YI1X1X2 // Y1X1X3 // Y1X2X3 //
YIX1X1 // Y1X2X2 // Y1X3X3 // YIXIX1X1 // Y1X2X2X2 // Y1X3X3X3;
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NAMEM1 = {MIINT, M1X1, M1X2, M1X3, M1X1X2, M1X1X3, M1X2X3,
MI1X1X]1, MIX2X2, M1X3X3, MI1X1X1X1, M1X2X2X2, M1X3X3X3};

TERM = {’intercept’, 'X1’, 'X2’, 'X3’, 'X1*X2', 'X1*X3', 'X2+X3’,
X1=X1', 'X2+X2', 'X3*X3', 'X1*X1*X1’, 'X2+X2+X2', 'X3+X3+X3'};

M2 = Y2INT // Y2X1 /7 Y2X2 // Y2X3 // Y2X1X2 // Y2X1X3 // Y2X2X3 //
Y2X1X1 // Y2X2X2 // Y2X3X3 // Y2X1X1X1 // Y2X2X2X2 // Y2X3X3%3;

NAMEM?Z = {M2INT, M2X1, M2X2, M2X3, M2X1X2, M2X1X3, M2X2X3,
M2X1X1, M2X2X2, M2X3X3, M2X1X1X1, M2X2X2X2, M2X3X3X3}

MEAN = M1lIM2;

PRINT ’Parameter Estimates in Mean Models for Y1 and Y2',
MEAN[ROWNAME=TERM COLNAME={Y1 Y2} FORMAT=10.6],

R=2; SIGMAZ=1; VZ=SIGMAZ*SIGMAZ;
COVZ=VZH(R);

VIINT = DELTA1'*COVZ*DELTA1L;
VIL = 2#DELTA1'*COVZ«LAMBDA1"Y)";
V1QF = LAMBDAI1*COVZ+LAMBDAL";

VZINT = DELTA2'*COVZ=DELTAZ;
V2L = 2#DELTA2'«xCOVZ+*LAMBDAZ2")";
VZ2QF = LAMBDAZ+*COVZ+*LAMBDAZ";

V1X1 = VILILL ViX2 = VILI2]; VI1X3 = VIL[3};
VIX1X2=24V1QF[1,2];, VI1X1X3=2#VI1QF[1,3]; V1X2X3=2#V1QFI23];
VIX1X1=V1QFI[1,1} V1X2X2=V1QFI[2,2]; V1X3X3=V1QFI3,3];

V2X1 =V2LI[1]; V2X2 =V2L[2]; V2X3 =V2LI[3L
V2X1X2=2#V2QFI[1,2]; V2X1X3=2#V2QFI[1,3]; V2X2X3=2#V2QFI[23];
V2X1X1=V2QFI1,1]; V2X2X2=V2QF(2,2]; V2X3X3=V2QFI(33];

V1 = MSEL // VZ // VIINT // V1X1 // V1X2 // ViX3 //
V1X1X2 // V1X1X3 // V1X2X3 // VIX1X1 // V1X2X2 // V1X3X3;

NAMEV1 = {MSEl, VZ, VIINT, V1X1, V1X2, VIX3, V1X1X2, V1X1X3, V1X2X3,
V1X1X1, V1X2X2, V1X3X3};

TERM = {'error variance’, 'noise variance’, ’intercept’, 'X1’, 'X2’, 'X3',
'X1#X2', 'X1#X3’, ‘X2+X3’, 'X1*X1’, 'X2xX2', 'X3+X3'};

V2 = MSE2 // VZ // V2INT // V2X1 // V2X2 // V2X3 // V2X1X2 // V2X1X3 // V2X2X3//

V2X1X1 // V2X2X2 // V2X3X3;

NAMEV2 = {MSE2, VZ, V2INT, V2X1, V2X2, V2X3, V2X1X2, V2X1X3, V2X2X3,
V2X1X1, V2X2X2, V2X3X3};

VARIANCE = V1livZ;

PRINT 'Parameter Estimates in Variance Models for Y1 and Y2,
VARIANCE[ROWNAME=TERM COLNAME={Y1 Y2} FORMAT=10.6],;
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MI1P=M1"'; M2P=M2'; NAMEMIP=NAMEM1"'; NAMEM2P=-NAMEM?2';
VI1P=V1'; V2P=V2'; NAMEV1P=NAMEV1'; NAMEV2P=NAMEV2";

CREATE MI1P FROM MIP[COLNAME=NAMEMIP]; APPEND FROM MI1P;
CREATE M2P FROM M2P[COLNAME=NAMEMZP]; APPEND FROM MZ2P;
CREATE V1P FROM VIP[COLNAME=NAMEV1P]; APPEND FROM V1P;
CREATE V2P FROM V2PICOLNAME=NAMEV2P]; APPEND FROM V2P;

QUIT;

9] SAS FI=o 9%
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Parameter Estimates in Mean Models for Y1 and Y2

MEAN Y1 Y2

intercept 11432727  1.032205
X1 -1.941667 -0.041167
X2 0.215852  0.075125
X3 0.539412  0.000000
X1*X2 -0.235865  0.000000
X1%X3 -0.551109  0.000000
X2+X3 0.000000  -0.007137
X1#X1 -0.051818 -0.073824
X2%X2 -0.220568  -0.046699
X3%X3 -0.430568  -0.025949
X1#X1*X1 0.090417  -0.020646
X2+ X2%X2 -0.198759  0.000000
X3*X3+X3 0.000000  0.010527

Parameter Estimates in Variance Models for Y1 and Y2

VARIANCE

Y1 Y2
error variance 0.285586 0.000504
noise variance 1.000000 1.000000
intercept 0.326828 0.001461
X1 -0.311456 0.001906
X2 0.098564 0.000000
X3 0.000000  0.002295
X1%X2 0.000000 0.000000
X1*X3 0.000000  0.001357
X2*X3 0.000000  0.000000
X1+X1 0.135056 0.000626
X2*X2 0.016492 0.000000
X3+X3 0.000000  0.001870
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£ 93t wtgxA <(Derringer and Suich, 1980)E o] &3 A}t
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yol low ol3te]® wWelEd 4 ¢lu high oldtold W& Ao ulaAy
F5E e 2o
0, y < low
d(y) = d () = {[(¥—low)/(high—low)]"*",  low< y < high (6)
1, high< 'y
(2) W2 (smaller the better) 54 & $18 vgAA g
yol low o]3to]l® wE3a 1 high o|Ao]H @ol=dU 3 QS AL ulgtzA
e e 2o
1, y < low
d(y) = ds(») = {[(high— y)/(high—low)]™™,  low< y < high  (7)
0, high <
(3) WE-(target the best
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o
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0, y < low
R R [(y—low)/ (target — low)] & low< y < target
d(y) = dr(y) = R , R (8)
[ (high— )/ (high— target)] **#2  target < y < high

0, high < ¥
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yol ZEXo] 7t7Asicr st Aol ¥ AsA LFHW, AFRE 99 (6), (7),
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242 ZEFAHAEY vigaAy g
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?iii}%u% Aol #HAslets RelAwRl, HAFES HA
o HHIL FoF A=V AR 9 & Atk a9
A, &3 Zo] 7kEA(weigh)E 7ol 19 Dy # Ds & Ao F

(overall desirability) ¥4 D & A<t}

AN wi BEFEY AAB] FoA: AFAEA (<ws<l19 WIS e
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o T3 6 g F5 DY % AT o, o) DI gEL 27 £o2 YA

Do & HAsEe x, xp, v, x, 44 FEFS FE PES

o (o], HEF, 1997). '
Bree AHste FaAol EEHUAEY Fo4d¥Et o AW wE 05RT 24

T, FFAAEY HHge T84 FFHEAEY F

o A Feoh FeHos w=1°4d EFAAESY B

AL, w=0°4d HZE BAQRo] EFAXNELS aaﬁ}am g

[d 24] o 23014 o7 FF 2PSTH BY 2SS ol§3te] YFSH BAE
< A 3sto] ®BA}

Y19 H#F& 45 Fou, H2F 8L Hojok atm 120]40H wE
A 393, 2o HEE 1500 Y Feul, i A surt 29 2@t
kA 131‘5, Yol HEe 9% w@A4 q52E dpol AeHm  dp oA
low=8, high=127} €} Y2o BFL 9% w4 F52E do 7t A4
2 drolM low=7, target =7.5, high=_8§0°] @t}

Yiel BEdAE Fe54E T, Y #8adel ohd oxpge) Uz F

A2 7b 05344(e) 2.29) SAS &l SIGMA_© A2 Yehd )2z Y19

E&HR7} 06 olsto|® wEAFm 09 oAolW Ze@slttx st 183, Y29 E
FUAE F45% Fod, Y29 Fgadol obd o FEFAX 0022594
o 229 SAS #g¢ _SIGMA_® %A= vt JL)olnR Y2o EFWRs}

2t
_]

==
0.025 o]slold WH2Hu 00375 oldolw @ity §xF. a=9d, Y29 E&EHA
g A% gAY FERE dg7h A8HT dsld low=0.6, high=0.97}
dach. Y20 EZEAE 9@ wgdd @52E dgrb AEER dgdlA

low = 0.025, high = 75 7 9ok
olA YEeI} Juv:?ix]"a—/] FA HAHE A% SAS ZE=E 2o ATt

DATA ALL; MERGE MIP MZP VIP V2P MSE1 MSEZ;
DO X1=-2 TO 2 BY 0.1; DO X2=-2 TO 2 BY 0.1; DO X3=-2 TO 2 BY 0.1;

MEANI1 = MI1INT
+ M1X1 * X1 + MI1X2 * X2 + M1X3 * X3
+ M1X1X2  * X1*X2 + M1X1X3 * X1*X3 + M1X2X3  * X2%X3
+ M1X1X1  * X1%X1 + M1X2X2  * X2«X2 + MIX3X3 = X3+X3
+ MIXIX1X1 * X1*X1#X1 + M1X2X2X2 * X2+X2+X2 + M1X3X3X3 * X3*X3*X3;

MEANZ = MZINT
+ M2X1 * X1 + M2X2 * X2 + M2X3 * X3
+ M2X1X2 = X1%X2 + M2X1X3 = X1xX3 + M2X2X3  * X2xX3
+ M2X1X1  * X1=#X1 + M2X2X2  * X2xX2 + M2X3X3  * X3%X3
+ M2X1X1X1 * X1+X1+X1 + M2X2X2X2 * X2xX2xX2 + M2X3X3X3 * X3*X3+X3;
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V1 = MSEL + VZ = (VI1INT
+ V1X1l = X1 + VIX2 = X2 + VIX3 * X3
+ VIX1X2 * X1*X2 + V1X1X3 * X1#X3 + V1X2X3 * X2+X3
+ VIX1X1 = X1*X1 + V1X2X2 » X2+X2 + V1X3X3 * X3+X3);
SD1=SQRT(V1);
V2 = MSE2Z + VZ * (V2INT
+ V2X1 = X1 + V2X2 = X2 + V2X3 = X3
+ V2X1X2 * X1xX2 + V2XIX3 * X1*X3 + V2X2X3 * X2#X3
+ V2X1X1 * X1+X1 + V2X2X2 * X2+X2 + V2X3X3 * X3%X3);
SD2=SQRT(V2);
OUTPUT;
END; END; END;

DATA ALL; SET ALL; KEEP X1 X2 X3 MEAN1 MEAN2 SD1 SD2;
%MACRO MULTIOPT (W_MEAN, W_MEANI1, W1_MEAN2, W2_MEAN2, W_SD1, W_SD2);

DATA D; SET ALL;

MILOW=8; MIHIGH=12; W_MEANI] =&W_MEAN];
M2LOW=0.7; M2TARGET=0.75; MZHIGH=0.8; WI1_MEAN2=&WI1_MEANZ;
W2Z2_MEAN2=&W2_MEANZ;
IF MEAN1 <= MILOW THEN DM1=0;
ELSE IF MILOW < MEAN1 < MIHIGH THEN
DM1=((MEAN1-MI1LOW)/(M1HIGH-M1LOW))*+*W_MEANI;
ELSE IF MIHIGH <= MEAN1 THEN DMi=1;
IF MEAN2 <= M2LOW THEN DM2=0;
ELSE IF MZLOW < MEAN2 <= M2TARGET THEN
DM2=((MEAN2-M2LOW)/(M2TARGET-M2LOW))*+*W1_MEAN2;
ELSE IF MZTARGET < MEANZ2 < MZHIGH THEN
DM2=((M2HIGH-MEAN2)/(M2HIGH-M2TARGET))**W2_MEAN2;
ELSE IF M2HIGH <= MEANZ2 THEN DM2=0;

DM=(DM1*DM2)**(1/2);

S1LOW=0.6; S1HIGH=0.9; W_SD1=&W_SD1;
S2LOW=0.025; SZHIGH=0.0375; W_SD2=&W_SD2;

IF SD1 <=51LOW THEN DS1=1;
ELSE IF S1ILOW <=5D1< SIHIGH THEN DS1=((SIHIGH-SD1)/(SIHIGH-S1LOW))**W_SD1;
ELSE IF SIHIGH <=SD1 THEN DS1=0;

IF SD2 <=852LOW THEN DS2=1;
ELSE IF S2LOW <=SD2< SZHIGH THEN DS2=((S2HIGH-SD2)/(S2HIGH-S2LOW))*+*W_SD2;
ELSE IF SZHIGH <=SD2 THEN DS2=0;

DS=(DS1*DS2)**(1/2);
W_MEAN=&W_MEAN;

IF W_MEAN=1 THEN D=DM;
ELSE IF W_MEAN=0 THEN D=DS;
ELSE D=(DM**W_MEAN)*(DS#*(1-W_MEAN));

DATA DD; SET D; IF D>0; RUN;
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PROC SORT DATA=DD; BY DESCENDING D; RUN;
DATA OPT; SET DD; IF _N_=1,

TITLE ‘Multiresponse Optimization Results’;
DATA SUMMARY,; SET OPT; W_SD=1-W_MEAN;

LABEL W_MEAN=Weight for Optimization of Means’
W_SD=‘Weight for Optimization of SDs’
DM-="Desirability of Means’ DS='Desirability of SDs’
D =‘Overall Desirability of Means and SDs’

X1=X1 Level' X2='X2 Level’ X3='X3 Level’;

PROC PRINT DATA=SUMMARY LABEL NOOBS; VAR W_MEAN W_SD D DM DS X1 X2 X3;
RUN;

DATA YIMEAN; SET OPT;
RESPONSE="Y1 Mean’; GOAL="Maximum’; LOW=M1LOW; HIGH=M1HIGH;
WEIGHT1=W_MEAN]1; D=DM1; VALUE=MEANI;

DATA YZMEAN; SET OPT;
RESPONSE="Y2Mean’; GOAL='Target’; LOW=M2LOW; TARGET=-M2TARGET; HIGH=M2HIGH;
WEIGHT1=W1_MEAN2; WEIGHT2=-W2_MEAN2; D=DM2; VALUE=MEANZ;

DATA Y1SD; SET OPT;
RESPONSE=Y1 SD’; GOAL="Minimum’; LOW=S1LOW; HIGH=S1HIGH;
WEIGHT1=W_SD1; D=DS1; VALUE=5D1;

DATA Y2SD; SET OPT;
RESPONSE='Y2 SD’; GOAL='Minimum’; LOW=S2LOW; HIGH=S2HIGH;
WEIGHT1=-W_SD2; D=DS2; VALUE=SD2;

DATA MEANSD; SET YIMEAN Y2MEAN Y1SD Y2SD;
LABEL RESPONSE='Response Name' GOAL='Goal LOW='Low’ TARGET="Target’ HIGH="High’
WEIGHT1="Weight 1’ WEIGHT2="Weight 2’ D="Desirability’ VALUE="'Response Value’;

PROC PRINT DATA=MEANSD NOOBS LABEL;
VAR RESPONSE GOAL LOW TARGET HIGH WEIGHT1 WEIGHT2 D VALUE;
RUN;

%MEND;

%) SAS ZE9 HeolH REEANE X1, X2, X3 Zdze] ££& -2014 27tA 019
ZE(increment) 2.2 F7IAA 71 ZAAHES wEY. (-2, -19, -, 1.9, 2}& 417
o] RAERZ o|FAREZ, HAA AAHFEY MeE 41x41x4]1 = 68,921 o] €t
o] 68921712 AAAE FA DY &g FWsslE X1, X2, X3 FEHES e
Aoltt,

9} SAS ZEGA Holg tg HEES MULTIOPTZE o9 mazz Ho 3l
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A WHoz HAJE A= F Ut
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%MULTIOPT (W_MEAN=0.5, W_MEANI1=1, WI_MEAN2=1, W2_MEAN2=1, W_SD1=1, W_SD2=1);

of MzE £ FFe e} 2

Multiresponse Optimization Results

Overall
Weight for  Weight for Desirability
Optimization Optimization of Means Desirability Desirability X1 X2 X3

of Means of SDs and SDs of Means of SDs Level Level Level
05 05 0.62922 0.91850 0.43104 -04 -18 -03
Response Weight Weight Response
Name Goal Low Target High 1 2 Desirability Value
Y1 Mean Maximum 8.000 . 12.0000 1 . 0.93369 11.7348
Y2 Mean Target 0.700 0.75 0.8000 1 1 0.90356 0.7452
Y1l SD Minimum 0.600 . 0.9000 1 0.34455 0.7966
Y2 SD Minimum 0.025 . 0.0375 1 0.53925 0.0308

EEUAES #Aglol BT ENS viFAY MY HES 12 39 HH s

%MULTIOPT (W_MEAN=1, W_MEAN1=1, W1_MEAN2=1, W2_MEAN2=1, W_SD1=1, W_SD2=1);
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Multiresponse Optimization Results

Overall
Weight for Weight for Desirability

Optimization  Optimization of Means Desirability  Desirability X1 X2 X3
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of Means of SDs and SDs of Means of SDs Level Level Level
1 0 0.99962 0.99962 0 -16 -16 17
Response Weight Weight Response
Name Goal Low  Target High 1 2 Desirability Value
Y1 Mean Maximum 8.000 . 12.0000 1 . 1.00000 13.2284
Y2 Mean Target 0.700 0.75 0.8000 1 1 0.99924 0.7500
Y1l SD Minimum  0.600 . 0.9000 1 0.00000 1.1580
Y2 SD Minimum  0.025 . 0.0375 1 0.00000 0.0783
FE50 BAYel ERUASHNL vPAY FFAA) HES 12 sho] HH e
I yow, gt gol MARE ST

%MULTIOPT (W_MEAN=0, W_MEANI1=1, W1_MEAN2=1, W2_MEAN2=1, W_SDl1=1, W_SD2=1);

ol AR o] ¥ tId o HHHo] deA e, Y29 BT UL dof
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Multiresponse Optimization Results

Overall
Weight for Weight for Desirability
Optimization  Optimization of Means Desirability Desirability X1 X2 X3

of Means of SDs and SDs of Means of SDs Level Level Level
0 1 0.47415 0 0.47415 -0.3 -20 -05

Response Weight Weight Response

Name Goal Low  Target High 1 2 Desirability Value
Y1l Mean Maximum 8.000 . 12.0000 1 . 0.90942 11.6377
Y2 Mean Target 0.700 0.75 0.8000 1 1 0.00000 0.6865
Y1 SD Minimum 0.600 . 0.9000 1 0.44647 0.7661
Y2 SD Minimum 0.025 R 0.0375 1 0.50354 0.0312

BRE AHAE o FANL, 7 hFAY FFANe HolE, 7 wgel HA3
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%MULTIOPT (W_MEAN=0.8, W_MEAN1=2, W1_MEAN2=4, W2_MEAN2=4, W_SD1=2, W_SD2=1);

ol Mjaz 3y 4L tFH Zrh HHHo| G, FTEY HHAHo &

Multiresponse Optimization Results

Overall
Weight for Weight for  Desirability
Optimization =~ Optimization of Means Desirability —Desirability X1 X2 X3

of Means of SDs and SDs of Means of SDs Level Level Level
038 0.2 0.70071 0.97651 0.18578 -04 -~18 -01
Response Weight Weight Response
Name Goal Low  Target High 1 2 Desirability Value
Yl Mean Maximum 8.000 . 12.0000 2 0.96098 11.9212
Y2 Mean Target 0.700 0.75 0.8000 4 4 0.99228 0.7501
Y1 SD Minimum  0.600 . 0.9000 2 0.11872 0.7966
Y2 SD Minimum  0.025 . 0.0375 1 0.29071 0.0339

J7Ee ANHE U o TN FFS A48 AFAE 092 3, FFE
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%MULTIOPT (W_MEAN=0.9, W_MEAN1=2, W1_MEAN2=4, W2_MEAN2=4, W_SD1=0, W_SD2=0);
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Multiresponse Optimization Results

Overall
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Weight for Weight for  Desirability
Optimization  Optimization of Means Desirability Desirability X1 X2 X3

of Means of SDs and SDs of Means of SDs Level Level Level
0.9 0.1 0.93624 0.98473 1 -05 -1.8 00

Response Weight Weight Response

Name Goal Low  Target High 1 2 Desirability Value
Y1 Mean Maximum 8.000 . 12.0000 2 . 1.00000 12.0980
Y2 Mean Target 0.700 0.75 0.8000 4 4 0.96968 0.7504
Y1 SD Minimum  0.600 . 0.9000 0 1.00000 0.8234
Y2 SD Minimum  0.025 . 0.0375 0 1.00000 0.0342

AR 9 FHl ehd (x1, x2, x3)=(-05, -18, 000¢ HFHRPoE A=
AT stk oAl BlE ¢ ¥ ey e JFEAES VA FF wEA
(D)8 5124 T8 (contour plot)ES 18 HEE 31zt T34 A E F 7)
o] QAET A&V SEEE NS SIM PN E x3=022 F3 x1-x2 F A
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x1-x3 HHEANA Do FuMEES 2EF 3z, A ¥MA Fud I”dAME
x1=-05% 31 x2-x3 HHANA DY TRAES 2PEE 32 F1HEL D=01,
0.2, 0.3, 04, 05, 0.6, 0.7, 0.8, 0.9, 0.98624(H 3N HET 22T ZE 3} ol 3
Al71E SAS Z=E e

TITLE ’'Contour Plot of Overall Desirability at X3=0';
PROC GCONTOUR DATA=D;
PLOT X1#X2=D/ LEVELS=0.1 TO 0.9 BY 0.1 0.98624;
WHERE ABS(X3)<10**(-10);
RUN;
TITLE ’Contour Plot of Overall Desirability at X2=-1.8';
PROC GCONTOUR DATA=D;
PLOT X1#X3=D/ LEVELS=0.1 TO 0.9 BY 0.1 0.98624;
WHERE ABS(X2-(-1.8))<10+%(-10);
RUN;
TITLE 'Contour Plot of Overall Desirability at X1=-0.5";
PROC GCONTOUR DATA=D;
PLOT X2*X3=D/ LEVELS=0.1 TO 0.9 BY 0.1 0.98624;
WHERE ABS(X1-(-0.5))<10%%(-10);
RUN;

$r9] SAS coded] €82 w3 Zo] YElY ™. ©o] F1A IYES HED
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Conour ot of Oveel Desraolty f X3=0 Cartour ot of Overe Desreby & X1==03

1 1
( [
-1 1

xxxxxxxx R R LI I 2
2 -1 ¢ 1 2 -2 1 g 1 2
X2 B
D —0.000 ——0.2000 —0.3000 —0.4000 -0.5000 D ——0.1000 -~ 0.2000 — 0.3000 —— 0.4000 0.5000
e 0.6000 07000 - 0.8000 ~0.9000 0.9862 —0.6000 0.7000 —0.8000 —— 0.9000 — 0.9852

Cartour Pl of Overl sty o 42=-18

i

D —0.1000 ~0.2000 -~ 0.3000 ——0.4000 - 0.5000
-~ 0.6000 0.7000 ——0.8000 ——0.5000 -~ 0.9862
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