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Abstract

The desirability function approach by Derringer and Suich (1980) and the generalized
distance approach by Khuri and Conlon (1981) are two major approaches to
multiresponse optimization for improvement of quality of a product or process. So far,
the desirability function method has been the only tool for multiresponse optimization in
the situations where there are the goal regions for the respective responses. For such

situations, we propose a multiresponse optimization method based on the generalized
distance approach.
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<E 2> AYg AA 2 9 doH
} ) Design (Coded) Responses
Al M ,
X1 X3 X3 Y1 V2 ¥3 Y4
i -1 -1 i 102 900 470 67.5
2 ] -1 -1 120 860 410 65.0
3 -1 1 -1 117 800 570 77.5
4 1 1 i 198 2294 240 74.5
5 -1 -1 -1 103 490 640 62.5
6 1 -1 1 132 1289 270 67.0
7 -1 1 1 132 1270 410 78.0
8 1 1 -1 139 1090 380 70.0
9 -1.633 0 0 102 770 590 76.0
10 1.633 0 0 154 1690 260 70.0
i1 0 -1.633 0 96 700 520 63.0
12 0 1.633 0 163 1540 380 75.0
13 0 0 -1.633 116 2184 520 65.0
14 0 0 1.633 153 1784 290 71.0
15 0 0 0 133 1300 380 70.0
16 0 0 0 133 1300 380 68.5
17 0 0 0 140 1145 430 68.0
18 0 0 0 142 1090 430 68.0
19 0 0 0 145 1260 390 69.0
20 0 0 0 142 1344 390 70.0

<E 3> 7 g diolEe e 23 oy A =¥ A A

Model Term Regression Coefficients
yi V2 Y3 Y4
Intercept 139,12 1261.13 400. 38 68. 90
%) 16.49 268. 15 -99. 67 -1. 41
Xy 17.88 246. 50 -31. 40 4.32
x3 10.91 139. 48 -73.92 1.63
x3 -4.01 -83.57 7.93 1.56
x5 -3.45 -124.81 17.31 0.06
x3 -1.57 199. 18 0.43 -0.32
1%, 5.13 69. 37 8.75 -1.63
X1%3 7.13 94.13 6.25 0.13
XoX3 7.88 104. 38 1.25 -0.25
V MSgoor 5.6112 328. 6934 20.5492 1.2674
R? 0.9720 0.7422 0.9815 0. 9581
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<E 4> s Aad AL Py wgAdg I o o F HA £FHE

ohutg A3 Oy X | %21 x3 |y AFAL v AHA | ¥ HFA | vy AEA
(1) Adds ATy
oy s -0.28/0.23(-0.83| 127.804 | 1248.52 | 484.909 | 69.0290
H23 Wy
(2) vl&a A g4 ¥ |-0.10{0.09|-0.79] 129.371 | 1268.16 | 466.737 | 68.008!
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OPTIONS NODATE PAGENO=1 LINESIZE=100;

DATA DS1980;
LINES:
-1.000 -1.000
1.000 -1.000
-1.000 1.000
1.000 1.000
-1.000 -1.000
1.000 -1.000
-1.000 1.000
1.000 1.000
-1.633 0.000
1.633 0.000
0.000 -1.633
0.000 1.633
0.000 0.000
0.000 0.000
0.000 ©.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 ©.000
0.000 0.000

. 000
. 000
. 000
. 000
. 000
.000
. 000
. 000
. 000
. 000
. 000
. 000
.633
.633

000
000
000
000
000
000

102
120
17
198
103
132
132
139
102
154

96
163
116
153
133
133
140
142
145
142

900

860

800
2294

490
1289
1270
1090

770
1690

700
1540
2184
1784
1300
1300
1145
1090
1260
1344

470
410
570
240
640
270
410
380
590
260
520
380
520
290
380
380
430
430
390
390

67.
65.
17.
74.
62.
67.
78.
70.
76.
70.
63.
75.
65.
T1.
70.
68.
68.
68.
69.
70.

INPUT X1 X2 X3 Y1 Y2 Y3 Y4;

O O 0O 0O Ul OO0 OO0 0O O oo oo uowu;m oo uvm

+ The following macro is for multiresponse optimization with a 3-factor 4-response
experiment using a CCD (central composite design) with a spherical design space.

%MACRO MOPTSSRC (DATASET=, CENTERX1=, CENTERX2=, CENTERX3=, HAFRANGE=, INCREMNT=,
GRIDINFO=);

DATA GRID;

DO X1=8&CENTERX!1-8HAFRANGE TO &CENTERX1+&HAFRANGE BY &|NCREMNT:
DO X2=8CENTERX2-&HAFRANGE TO &CENTERX2+&HAFRANGE BY &INCREMNT;
DO X3=&CENTERX3-8HAFRANGE TO &CENTERX3+&HAFRANGE BY &!NCREMNT;
Y4=. . QUTPUT;

Yi=
END; END; END;

YZ=. .

Y3= .
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DATA SCHSPACE: SET &DATASET GRID: IF X1#X1 + X2xX2 + X3*X3 (= 3;

TITLE "Fitting a Second-Order Polynomial Model to Data on Each Response’ ;
PROC GLM DATA=SCHSPACE;
MODEL Y1-Y4=X1-X3 X1%X1 X2%X2 X3%*X3 X1xX2 X1+X3 X2xX3:
OUTPUT QUT=FITTED P=FIT1-FIT4;
RUN;

DATA MEASURE; SET FITTED;
UTARGET1=135; UTARGET2=1200; TARGET3=500: TARGET4=67.5;

IF FIT1  UTARGET! THEN RC1=(FIT1-UTARGET!) /UTARGETI:
ELSE RC1=0;

IF F1T2 { UTARGET2 THEN RC2=(F(T2-UTARGET2) /UTARGET2:
ELSE RC2=0:

RC3=(F I T3-TARGET3) /TARGET3;
RCA4=(F I T4-TARGET4) /TARGET4,

SSRC=RC1+RCI + RC2+RC2 + RC3+RC3 + RC4+RC4;
KEEP X1-X3 FITI~FIT4 RCI-RC4 SSRC:

TITLE 'Multiresponse Optimization by Minimization of SSRC';

TITLE2 ’ (SSRC = Sum of Squares of Relative Changes)’;

TITLE4 'The search space consists of (X1, X2, X3) points on the grid that satisfy the
condition that';

TITLES “X1#X1 + X2#X2 + X3#X3 {= 3.":

TITLE7 &GRIDINFO;

TITLE9 'Best 20 (X1, X2, X3) Points in the Search Space’;

PROC SORT DATA=MEASURE OUT=SORTED; BY SSRC; RUN;
DATA BEST20: SET SORTED: RANKING=_N_:. IF RANKING {= 20;
PROC PRINT DATA=BEST20;

ID RANKING;
VAR X1-X3 FITI-FiT4 RC1-RC4 SSRC; RUN;



%MEND ;

+ %MOPTSSRC (DATASET=DS1980, CENTERX1=0, CENTERX2=0, CENTERX3=0, HAFRANGE=1.65,
INCREMNT=0. 05, GRIDINFO="GRID INFO: CENTERX1=0, CENTERX2=0, CENTERX3=0,
HAFRANGE=1. 65, {NCREMNT=0.05");

%MOPTSSRC (DATASET=DS1980, CENTERX1=-0.3, CENTERX2=0.2, CENTERX3=-0.8, HAFRANGE=0.1,

INCREMNT=0. 01, GRIDINFO="GRID INFO: CENTERX1=-0.3, CENTERX2=0.2, CENTERX3=-0.8,
HAFRANGE=0. 1, INCREMNT=0.01");



