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Multiresponse Optimization Through A New Desirability Function
Considering Process Parameter Fluctuation®

Jun-Bum Kwon** - Jong-Seok Lee*” : Sang-Ho Lee**
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Abstract

A desirability function approach to a multiresponse problem is proposed considering process parameter fluctuation
which may amplify the variance of response. [t is cailed POE (propagation of error), which is defined as the standard
deviation of the transmitted variability in the response as a function of process parameters. In order to obtain more
robust process parameter setting, a new desirability function is proposed by considering POE as well as distan-
ce-to-target of response and response variance. The proposed method is illustrated using a rubber product case in
Ribeiro et at. (2000).

Keyword : Desirability Function, Multiple Response Surface, Process Parameter Fluctuation,
Propagation of Error

1.4 & sponse Surface Methodology ; RSM)2 8hite] ut
$¥ 4 (response variable) y9] @S 3z 2
Box$} Wilson[2]9] ol&] A€ vh&FHE(Re- Fi3tete TG (process parameter)E9] 3

=285 20049 1189 159 =E2AIM=EL : 2005 1€ 6¥
« B dTE ZRIUEm A48 749 AYes 299,
s EFITIHNG BAH DT



A dkeW g FAo) mEsle] FAHW
HH 235 2T Z97F gFEolt). of2fg FA
g Uk ¥ (Multiple Response Surface ;
MRS) olgtz Ft}12]. MRSE HIEE WY 5
7 de A AL A4S EUo2ZA oY )

o) WSS S JEE AR o]F HH

glale Aot ol Yo TUR(ZL UF
= B dpdAe =g A E4(desirability
function) & o8& WHE(3 4,67 1017 &4 &

T«
=

“(loss function)E ©]&3 WHE(L 89, 14, 18]

Bel(bias), WSAFY B4, BgWF AZH R
Aoy, 193 FRUSY WFoE sk
959 WE Fol dm, olF 9UEL Hag
s A Bz @t 259 W, Weuse
22} 24 ARHe nE ATE W A
ARAD, FAAFE WES MRS FA A58
QT BA PUTh FAWSRY WEo} B
AL W Wi AT WA AAF %
2]lo )

st Ak o] 9191 del 4l wpe} Zol 5M 1E
(FdA}, 714, A=, B9, 5%, $7) £ Tagu-
chizh F3ID FE (7L, WRde, AF
T A3E AL 5 e, o)A HEuFR
obzt FFWFIE FF& VG 2 F vk
d& g9 7149 =3 5 olF R
o 2 WEo] A7IA He A4 2 7
ol AL F& AN WgolAT, vl go

e
P
pad
o
a
fu
9
&
(o
ol
o
(&
¥
1o
i
offt
0,

EQL'
A
0%
finc
i
n
)
N
N
P
-«
o
ol
b
>
)

e
‘?‘
R
9
&

o
7

o
=~
i
o
}O{l
ol

£
o
N\
el
=2
2
2
NoOrE
re
-
i
it
=
jud
H
W
A
=2
X
rr

g
S

48 Ribeiro et al[17]9] AHE
AL F3YP31x, npxjgroz 5doA 2

=

tlo S O oX
HOR

oot 2 ol

Y2
S o
oL
s

[N}
N
(i
R
Y

21 24 =

e v ES y= (v, 3, ,9,)0) kAje &
AMEFE x= (xl,xz,“',xk)%O] 43 Friu

7Hgstd, dwiA el MRS 232 thd gtk

vi=f iz, %0, x ) e, i=1,2,n (1)

A b v.o A uig A s e 4, 3

- = u - =
g yP Aae vy Ven @ o, A% 537
b

- (L) 15
Yi— Vi ~
[ D ¥y, 6,
6,‘—}’,
=~ wy 1t
Yi— Vi N
d;,= 4 (’U) 6,< 3, < p{¥
b @
0 ﬁU)( % V< (L)
Vi yior y;(y;



7] s9} ti=
T g5 BgE AR o ghg B wkdws
T Alold] Y FoEE XHY £ Utk Der-
ringer & Suichl4]7} At DS WHEL A(3)F
ol ALY s3=Ee 7SEEFE ot 1R E

247 ARae BHRA, 17

Az S AUsY 23 RE Aot
Dps = (dyx - xd,)"" 3
wense BT B ndsnA Gk, B
ST At #d B BAs dolxe)
FAHA B3 & 78 F Aok W] ¥
T3 B4 84 18§ W E Extended DS
FETH10]

Dipps = (dyxdgx - xd,,» dan)l/(z") )

fir
Hu

olwf d.= v:8] Wite] ¥H T
Al ek s7rEelTh

%01, dy

AR FAee A4 FE w), AAX(fixed and
planned level) & x,2}1 & o, B 7o H+& Myers
& Montgoery[12]7} A3t nie} o] W47}
o33 Zo] M2 5 FERFE T

w;=x;t u; (5)

2
‘\‘?_‘A o] Owj

ol u= AE Eo|w Hito] 0o]3
ol T expgtolnt. ofgh o] FAHWUFY
AEol e AF AA g FEWUFOIRE o9
HE HA 23E 2= AL FAvshy, wapd A4
AR g HH 2F& A= stofof & lolt).

B AFoA AL A (DA fi7F olxbd ez
EHHE Af 3495 dFo] e W E'fﬂ"]
oA Wa=AE dotr . °] ﬁﬁﬁ 4 F

Ao WFo] e € AurA o
o= w= 00, 4 (6)3 Zrth

'ol" (awj

TS WES TR AT 94E EU bR A7)

o= WSS WL TR FRY
F9 QA g wE AT WEHF R 2y
& A0 2k

E Ok
+27 2 Bimw w,+ €, (7

FRUFY AAK 19 Yoz
4 ©F 4 () hYsHg, 4 @) 2o

EEETIRER
| A7,

k &

y,-(W )= /91‘0 + ,Z;‘i /9,','(.76,"" uj)+ Zl Bifj(x,'+ u,’)z
£ R

+ gl 'glﬂi,m(x,+ u) (%, + uy, )+ e,

k k
Bt 2 Bix;+ IZII Biixs

k k
Z 2 Btlmxlx
I--1 m>!
k k
+(e,~+}§ﬂ Z B (2x u;+ uf)
Ek
+ 1=21 g,lﬁ,,m(u,xm+x,um+ u,um))
k 3 2
= BiO+]§1 Z: X
kR
+ 2 2 B;lmxlxm+6: (8)

\
i
ok
2
V]
-

A (8)& 248 &/ & AstuAE 4 6)F
< MRS & E3olt}, x8-8 MEA Agshd,
A (98} Zo] e £ Utk

k& k&
= &+ 2 2 U Bim %)+ /Zl rglum(ﬂilmxl)

=1 m)

R,

k

+
M~

k
Bilmulum+ 2 ﬂfﬁif (9)
=1 m>! =1
k
+2 3 Byxju;+ X Byl

=1 7=1

e

§

2 (99 N2 239 7 gAE Bea g}



% A% - o154

oldE - AAY AR -

B
. 2
Elell= Z‘i Bii0 i 10

5, oApare] Wirol 0o] ohin], FHAS WEe
50w wgwss) PEe e

A D3 2o oAz 2Ag 28 dsiel
Ely, (w)le the3 2o

Ely;(w)]=Ely, (x)] + I}::'i Bl (1)

wep BAESTL ABHE 99 Beus B
o 42 5,(w)2 Y, 4 (D 9A, @
44 @2 2952 5,008 249 E}-—oﬂ 4
103 2& oA HFE FAselof & Ao,

ERCERE LR DR <1 o g
of wet cham, tha ¥aksht eo] BARI ofof
W A2E o] 2748 ol ofzhst Zo) e}
3 4 9l

dlo

Var(e!]l= TV;= o?+ POE? (12)

99 38R B FPUSY WFo gl 1)
4 @ gl LAFe) ot a2 F
- 9 2

o}‘L
22
o

o M2 kg
2 3Tt
TV(Total

22 POE

POES} 728 574 3 shbe 4 @4 a7
¥ 4 YAxol BAWS x9 B2 FolAh: A
ot wehd FAWGY WEAol EAFTY T

o] 7b A Aeic} G POEY o] 2
A 23 A (N ukgwsy yiw)e ol A Alhete-
rogeneous) 4+ ZFA| Al "t

Fathi[5]<} Plante[lS] 5] POES] A& A|gt
o, ik F BAez 71 de ALE

F+= ZAMA &= Ribeiro & Elsayed[16]7} AlA g 4]
(133 #& 3(x)9) 71&7|(gradient) ARE &
& Zo|t},

k 33’,(W) z
Varly; (W)]=0"f+l§ o\ E ax. (13)

0
%, A ded

¢ POET the3 2tk

ay (w) ” ” w

A (148 B9, 71719 Adighs) FRuge
EAilo] 248 WS ol H3HsE Hol
Hojgtia A7 4 drt.

Ribeiro & Elsayed[16]7} FAAS WE
MRSel 7—‘4%?1\104 HSHeEY ¥
ARGEHA] a1, Tl 7H‘§ Bhg o] 7|ojdad
9] 743 f;g}— ﬂ*ﬁ}o}m} Atk 223 Plante
(151 POES TATYHEA 243 AFE 53
&t

-[&lale

3. TAHTY WEE 2 A=
.-.‘_/g
o T

SAE e E
a7] faxe 4 (4):3: %%f“} Extended DSE At
&3 vk 28y FFAUF] dEAE 72t
steld 71E AoA F712 A POEE 243
thFof gt

MRS #A4¢ Z4& ghgyisEol
Ex Ao =dste 3R] =
I 7 QA a3gE FEEe
UHELT 7|E9 Extended DS H-AFSHA
T Ak &, wEWF] HFo] g ERA
AT S A E AR whe

-|—’

F Bt AanYE 3RS 2P 2o
o, o] Wel F B4E 4 (129 2ol TN
o WFo] §1g e wgwse Bu7 POEY

o



oft
oX
12

P o

L (B
Lo}
mr:
}-J

E‘%?‘} 7% g45

T8 B e En #HAst o4

8ol foz wAWU.

WA 4 QF Agdt] weus (W) B
of B BHE 4,8 ALDT ol »i(w)e) 3
#o} 2AAN2E A (D2 79 ¥(w)E e

o aga A4 (19604 F Bl #F 53R=E
dra2t &8, drae &3 Zol Y 4 9lth
—(U) L TV, <oV
dry=

2t
olgf HAststnA e TS UL FLE
g3 o] vehd 4 Yok

mu (d;zl >(thtl puxdTm ) 1rzn) (16)

2Y016)9 4L D& Hdslshs 34
o AAR & Fe Aolth FAWSo W
Ao (02=0), Ely; (w)1=E [y, (x)], Varly,
(W)l=0d?=Var(y;, (x)]o|22 2/(16)2] D nen
£ A @48 Depset Zotxth, 4=, At W&
2 7]&¢] Extended DS9S gutstd Fejuta @
T Qi

SRS
3%

o|

4. 52| A4

Agte W2 a7E AHur] AN YA
Ribeiro et alfl7]7} 01§63 A2 DS, Extended
DS SHEEH v EZAE LS FY8 o] AldE &
Sab gojo] At ol&He dAEd TFAFE
(rubber product)ell #g o)t} 5719 FHW7}
i, 1070e] Hhg 7t gl 2 W] o] Fof
&A1= Ribeiro et all17]17F AF3A] &gch &

wgHs ’ v
54 35 EE
P 59949 742
8; 62 &
yi? 6451 9.8
DS ¥

A7 wHgdge] JFE FFEEAY] Ry
Ribeiro et all1717} GLS(Generalized Least Squa~
res) O E QA Aotk E ATINE Ri~
beiro et al[17]7} AAE 28-S Odj2 o] &3,
DS ¥ AgoiA= 4 (17) FolA dheds P
o] 2yt g3t 270 9] whGH Hof 4HH
TAWTE IEHA FobA ale T

Agahe
ol gtk

$, (x )= 61,73+ 2.06x, + 2.46x}
+2.332,+0.9382;+0.938x5

7, (x)= 1.633+0.892x,

Py (x )= 74.62—2.33x, — 6.2643

Ty (x)= 4.125—1.40x;+1.58x; an

Rl Hyid W kg v P, A v
a2lu BEX 0.5 Ribeiro et alll7]7} A&
<E Y @& wEth 222 2193 B2 g 93
DS, Extended DS, 181 A|¢Heh W 2%k A

H 35 F52 ALk F, A QoA st

< 12 T F39 859 7S 4 (1)
S ALgst ke IRER A F 4 (39
DpsE Huzlsls 8 T3k

MATLABG6S AZEHAE o] &3l 74 Ay
e <& 2> AAH Aok A WA wkHg

oo



100 s R E S I PAR

A
O.x..
Wt

AX ¥ixE BEX 624 EEsld 37% 1E
a8y T HK E5E BEX A 28]
026018 ¥e 3AEE Aq) oy &
TG HH3 1]’1‘: T sie x"= (-,
0, 033, -052)0it}. x4 HEGRIgo] IS nvx
7‘] Zaug Asidt. ¢ 7}74 T F2 HH

& FY% duith, «*9 o] dE2A YetE
otk 1 olfre FA gk WEA7E o 714
3] (alternative solutions)E°] EA)at7] W&ol
I 99 @gES e WHEF vuasy] AsiA
DS oz F3 x* & st Aok

e Mo a2
oL e
—9~.—Yl

e

4.2 Extended DS g

Extended DS& DSt &8 ¥hge] #4td
B8 ARE ol ST T WS A7 4
@3 e JRE duHoR FolA e ww

o], RFERAE 284 Qobd A o/Ve AR}
717} ot} & ATl A E Lee & Kim[10]0] A|A]
gz, (0 —y{)/2) g $EEHL A e &
SHg HAate] Aoz A3k whge]
T3 BFEAE A7) 3= AR F, 4
D] DepsE Hoizhsl= & Taldth

<E 2> A4¥d7t Ak 271Al et 54
2 Aozt (local maximum)ol #8297 9l
oM, HAss 59T W= MATLABGS 22 Eg]
ofe] WAE random 2 AHE dFdF 2714
£ Ags93, dx 35 oA Deps7t AW
of siFshe e H4s) = HAAsAk DS ¥
HED FASHA A A BeHy PRy FHA
(9 IREE 1§ A9AY, F WA wse
2o ke Agith aElm WS BAbY s E
' 247 0713 0898 ¥tk ©f
x*= (-1, -0.06, 1, -1)ot},

DS} ZAzel njwsad, 3 AR
73 FEUAE FLIAT F A wgRe
Ao 7} itk Extended DSE 3 % W

o BFL 769312 DSOIMY 76908 T EFA|
&olAt ] He] gojx U}, 181} Extended DS
oA EFHRE 11452 DSIA Y 27628 &
A Ak & F dA dh35E Extended DSE
3 FEANAME & o xR Eilo] Fo
ZE & Hos Bt *}°]°ﬂ"1 4 % ¥ (compromis-
ed) AE FHHe2 & Aot} o=z W
Fo] E4HS nEjstA g AHsE Z2ow, v
ol Aol & ARY A¥ S 2 At wkew
o FAF Eat o] FE2 A3t W v
W@8t7] Y8l Extended DS WHo 2 ;L?s} g
s 3 Fholth

y

43 Hetgt LY

LFAE A Albg WS A887] A

= 2/(17)¢] Ribeiro et al[17)7} 343 28& 7}
Az whgige Hia F Batel 48 fEsjof
@t} DS9 Extended DS #Hiol Aot 2] Al¢ts
e FAWse] AES ugslng, 4 (17dA

HEEE Fe 23X Vi(xE 4 () WYs

3, (W)= 61.73 +2.06x,+2.462%+2.33x,
+0.938x,+0.938x;+ 2.4602,
5, (W)= 74.62 —2.33x,—6.2622— 6.260%, (18)

ol x;= APt AAs= AW AAX

olx, FAWSe] B 0,2 Ribeiro et alll7]7}
1&]

APA ZZJA ohL-9 e o &Fh
32,=0.16, 3%,=0.06,
52,=0.05, 3%=0.20 (19)

o2 F7k2 WS POEY A
Fo o 2AAE A (D, 4 198 A
Ribeiro et al[1717} A% 4 (149 et dohat
¥ 4 Q0% 2



7?‘&%"@%@3 s

POE? = (2.06 +2x2.46x,)%02, +2.33% 02,
+0.938%6%,+0.938%02;
POEZ=2.33202, +(2x2.26x,)%0%, (20)

WUF F RUE 4 (179 EEHAG} 4

2 9% 33E g8 T HF

o 4%, 3, 291

pid

o
w12

%7 273}

101

B A= Extended DS94

oAk Td3A AR W BEH

2] B ZHES 4% TR

%, 4 (16)¢]

HE ot <E 2>9 22

(209 POE @& 4] (13)9] Hgste] Adg o1 BHF &=
(¥ 2 ] DS, Extended DS, Motsh dhHol M} Hjm
gy - HJ(T?T) » %‘f?; v
3, (%) dy 62.000 1 6950 026
i (w) 62,34 6574
DS (-1, 0, 038, -052) 7, 0.741 27762
POE, 1.854 0932
VTV, 1.997 2915
3, (x) d, 62.000 1 76931 025
3 (w) 62.394 76,555
priended 11,0061, -1 3, d, 0741 o L1465 0.9
POE, 1.854 0.948
VTV, 1.997 1.486
3, (w) d, 62.000 1 76.042 0.17
A (077, 0,1, -1 PZ; (1)945 L
; 028 0932
TV, dra 1.396 0.44 1.476 0.86

Atet o] vbEulg Wiy FAX Vi(w)
% w79 VTV, 9] g% DS, Extended DS 2
o} wltajua) WA WS WEL ZEA
of warl7 vl golg R WA o) 1)
3 H4¥HEY MY By B ExX)e =93y |
o ZPEE AR, FHHs AES n#id)

A & DS Extended DSOlAY ¥ (w)e
doih ol&

=
T
%

#ro] EXA 8ollA

VTIVy7h 147628 3AWF

62.394%
= 490 wrensel Al
H(10)5H Hol7h 7] Bgo

ok,

3L
[¢)
%3

kil

i

wald] 5
A% AT PEIAL Tawie
7604281 ¥l], DS¢t Extended DSelX & 22 76574
o 656624 9517 A Wyel wgus B
74 del golA Qi 1 o)
fi DSsh Extended DS vlimoldst 2o #ojs}
29 AFHZ 49Y 4 Aok AAS Py
2737
%& DS9 Extended DS9] 2915, 14868t 3

o WEe

_‘_;’_
=3
20
T2
23

rE, ot to



Ao 8% dabo) AuEn:.

A3k W3 Extended DS Aol g3
o A o de R WA RS ¥E
AR 7,5 094524 Extended DS 074180} 2
golth. 28Y % EFUR VIV, & 13602
Extended DS¢] 19970t} 2t} ¥ W) w3
T FAM AR BT T ol AT WEe
TRMFe] M5 o2 A7) POEE 1837] W&
o, Extended DSEt} &4 22 POE & 7HAe
AAe 2P WOl oY FAWFY WF
ol YLIAE BT oF nASA Lo, W
a50] & Rabo] 2 22Y WS AN I
Atk

pd 3

&

4.4 7t YU HENAH Al =HE| #s

olfidlE 4719 FAVFE FAA o= WFTL
A 32% D, 71 7 2 719E she
AE A¥ie 9= E4¢ e qA 4 T

Aol BAS A (19)¢ 2ol 016, 0.06, 0.05,
0.200]3, o] Wje] D ., 0510lth, o & 47]9] 7]
A A B, C, Ed dgsis 3AWSSn A3y,
A ZIAR wA s siF AW WFol 0of €
O3 AT gebd 71AS A, s3HEs
7V Aojtt, 1ug 7|49 71AH SRS
S7HEY ARE L3t o= J|AE WA uA
YA # FAAYS 59 5 Yok

<E ol 7 7AY MEo] 04 | M2
*uewd TEHIL 2 USNSY B} $4, deln
335 F& Yehlz ook o] 2RE ] 71A] 74
9] 7}740) Ysitid, A7IAE wA S Aol A
A 7= B olyg, W-HTe] Han F 24
o #3 37% ZHAA & 7|AE aAF}= A
By} ool Aty A Sold HE JA A
(6% =0.16)9] BAto] 714 E (0%5=0.2)80} &
o, #Eo] AA"R £ D..’t 0592 7|14 E
9] 0528 7T F7HEe] g At Fo|th

(& 3 8 el ZWH4e| Bilo] 2ol M2 HEs
2 B . HlSWH 4y, Hkg-H e v,
A 71A * G=1) (=2 D rea
. (w) d; | 62000 1 655 02
724 A 3, . .
14 (-1, -0.06, 1, -1) gi 0.741 LIS 059
(0.a=0) POE, 0.546 0.171
VTV, dry 0920 063 1158 089
i (w) d; | 62000 1 6477 021
7 T
17 B (08, -0.02, 1, -1) gi 021 L% 05
(0,=0) POE; 0.777 0932
VTV, dry 126 052 1476 086
i (w) d; | 62000 1 6064 017
7 G-
14 C (078, 0, 1, -1) gi 0940 LIS 051
(0,5=0) POE; 0.99 0.932
VTV, dry 1371 045 1476 086
5 (w) d; | 62000 1 608 017
7 T
AE | om0, 002, 1, -1) 7i 0921 L% 052
(0,5=0) POE, 0910 0933
VTV, drs 1208 048 1477 086




Aol ol £AY ©, ol Ao g i

Atk Ae Avughd 2
1 FRuse sz dd 740 4AY
A 1

z A [
t 3REE O3 7E WY §3 270
g & ASS BYoh 28 Hoa] o]Hd] MRS
ya

Qo] FAWUFY WEL YA PUEL T
& ot E9 3RUS

A e 718 PHESH wasto] o
&3 2o AYelN 2 7S By & Ak AA,
FAWS] WEel 7 ), /2o PHERT YA
2 A% 2¢ + Ak 84, 249 9w
ol FRUFS} WAY BAY o, AL
o &3 A s R =
o) FAWUFS 4 Aol Uk BE A4

g ox

[}

> T3 aAsor & 7]A

o
FAeAE 24ske T FHAEE Ag =

2{_:

O

A& Aolth MA, Ribeiro & Elsayed{16]7} ¢
o] M2 YA

g gy

ol gy T3 x4y
B oir o T
o
4o
=2

o
3R

it
o

=

19

ol

oXl

&

1

i

B R
offi

A
>
&2
2
ul*
ol
o
[

i
1o,
oH
Az
r>
k1

rlo o

o
ot
=Y

e o

B9 yBe uE F
A enh adH Babe) 4EE ROl A
shovbol mhet A7t weka el done,

[1] Ames, AE, N. Mattucci, S. Macdonald, G.
Szonyi and D.M. Hawkins, “Quality Loss Fun-
ction for Optimization across Multiple Res-
ponse Surface,” Journal of Quality Technology,
Vol.29(1997), pp.339-346.

[2] Box, GEP. and KB. Wilson, “On the Experi-
mental Attainment of Optimum Conditions,”
Journal of the Royal Statistical Society-Series
B, Vol.13(1951), pp.1-45.

{3] Derringer, G.C., “A Balancing Act : Optimizing
a Product’s Properties,” Quality Progress, (June
1994), pp.51-58.

[4] Derringer, G.C. and R. Suich, “Simultaneous
Optimization of Several Response Variables,”
Journal of Quality Technology, Vol.12, No.4
(1980), pp.214-219.

(5] Fathi, Y., “Nonlinear Programming Approach
to the Parameter Design Problem,” European
Journal of Operational Research, Vol.53(1991),
pp.371-381.

(6] Harrington, E.C., “The Desirability Function,”
Industrial Quality Control, Vol.4(1965), pp.
494-498,

[7] Kim, K. and D. Lin, “Simultaneous Optimiza-
tion of Multiple Responses by Maximizing
Exponential Desirability Functions,” Journal of
the Royal Statistical Society-Series C, Vol43
(2000), pp.311-325.



[8] Khuri, A. and M. Conlon, “Simultaneous Opti-
mization of Multiple Responses Represented
by Polynomial Regression Functions,” Te-
chnometrics, Vol.23(1981), pp.363-375.

[9] Ko, Y., K Kim and C. Jun, “A New Loss Func-
tion-Based Method for Multiresponse Optimi-
zation,” Journal of Quality Technology, Vol.37,
No.1(2005), pp.50-59.

[10] Lee, M. and K. Kim, “Expected Desirability
Function : Consideration of Both Dispersion
and Location Effects in Desirability Function
Approach,” Working Paper, Department of
Industrial Engineering, POSTECH, 2004.

[11] Lin, D. and W. Tu, “Dual Response Surface
Optimization,” Journal of Quality Technology,
Vol.27(19%), pp.34-39.

[12] Myers, RH. and D.C. Montgomery, Response
Surface Methodology * Process and Product
Improvement with Designed Experiments,
2 Edition, John Wiley & Sons, New York,
2002.

ol E - AAY - Al

st

[13] Nocedal, J. and S.J. Wright, Numerical Op-
timization, Springer, 1990,

[14] Pignatiello, J., “Strategies for Robust to Mul-
tiresponse Quality Engineering,” IIE Trans-
actions, Vol.25(1993), pp.5-15.

[15] Plante, R., Process Capability : a Criterion for
Optimizing Multiple Response Product and
Process Design, ITE Transactions, Vol.33(2001),
pp.497-509.

{16] Ribeiro, JL. and E.A Elsayed, “A Case Study
on Process Optimization Using the Gradient
Loss Function,” International Jourral of Pro-
duction Research., Vol33, No.12(199), pp.
3233-3248.

(17] Ribeiro, JL., F. Fogliatto, and C.S.t. Caten,
“Minimizing Manufacturing and Quality Costs
in Multiresponse Optimization,” Quality En-
gineering, Vol.13, No.2(2000), pp.191-201.

[18] Vining, G.G., “A Compromise Approach to
Multiresponse Optimization,” Journal of Qua-
lity Technology, Vol.30(1998), pp.309-313.



