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Multiresponse Optimization through a Loss Function Considering
Process Parameter Fluctuation
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A loss function approach to a multiresponse problem is considered, when process parameters are regarded as
random variables. The variation of each response may be amplified through so called propagation of error
(POE), which is defined as the standard deviation of the transmitted variability in the response as a function of
process parameters. The forms of POE for each response and for a pair of responses are proposed and they are
reflected in our loss function approach to determine the optimal condition. The proposed method is illustrated
using a polymer case. The result is compared with the case where parameter fluctuation is not considered.

Keywords: loss function, multiple response surface, parameter fluctuation

A& ©]-8-3F W S(Harrington, 1965; Derringer and Suich, 1980;
Kim and Lin, 2000; Lee and Kim, 2004; Kwon ef al., 2005)3} £

Box and Wilson(1951)¢] ZA7)gh WH&-3 % (Response Surface 2 EH<~(loss function)E- ©]-8-3+ ¥ S(Khuri and Conlon, 1981;
Methodology; RSM)-& 8}1}e] W3- 1H4=(response variable) y&]  Pignatiello, 1993; Ames et al., 1997; Vining, 1998; Ko et al.,

s Hdist Z2 Haslsle FH W(process parameter) S 2005)0] Utk £ATS WHES UESETS WHEA 1L
o HH 235 7] Aol ndHMY: 2y AF AAEelU Hdle HHEHSTE SRA A ol J=E sk U9
TR gl A LA s DAY FAES oA 7P WEEH (bias) o BREHISE Abo] 9] o E H RIET opu 2} WSO
TE A ast] FYMF) HA 23E Fe B9 SRS FEEMRS 2] H9E  due AHS AL
ool AT

G

=
Aolt}, o]zf3 WHol= T34 (desirability function)E R 3T} IF 9 Ao, WSSO Bk o) Z3] 9] A

Myers and Montgomery,

PHEALE EPoEZN o g

e WSS shte] A E 2 Wt o] & HAglete <l
hyA

&R
ok
e

£ d7e zP3HUsta AFP 7L At o] FolHS
T AFAAL  AAY 1w, 790-784 BE ZHA T EAE B1HA TEFAAE A9 TSI, Fax : 054-279-2870,
E-mail : chjun@postech.ac.kr

2005 19 A4 20059 39 AR H4 20059 42 AA A,



i
S

gol AFHA,
od:,L: 2] orortk
%'Eﬂ Z2=0 /‘]'3’:7]' 119

o1 ¥} 2ol 12

> R
o
r <
I =

v

it

ox

g

e

K3

of

—Vir

N,
X

|

to

b
o M =

o

)

¥ 9 fo
U
2

U oo B HU rx O HE o
4

O

bu

o o N

I,
El
i_t"
o o,
rr
o
of,

o
X2
o
(d
fru
ok
o2
ﬂJ[O g FIO FW
Wy 2R
rfr to rx o
oft ok

P2

o%

o o

T

O

v

S
2t

§Jﬂr7§y?l W Wy

B 050l
o v o 9k
F7te =), ol= POE propagatlon of rror)i A gt
ol A= Pignatiello(
AT «1 ‘ﬂ 3714 "’ﬁﬂbMRS E—xﬂ% oF 7}
L—}FQ] POE LR e

) r

o
o

TN

rpr

iﬁ i}
Ho 29,

oot rir

o
— o,

il

rEnr

SRR CEROR!

AN

Sl 3 ‘:}T-J
l x kel whet 2 nkal J&LH—E
3)el elisk 2ol xol FF= Zzg fojo} it}
MR :‘?:Zﬂ% A8,
Pignatiello(1993)7} xﬂ‘_@ )7 9 01: ]
Taguchi®] G F EHTTE

NS}

F

rlr

i

$2 5V OERLED H13) 165

L(y(x),0) = (3(x) — ) "C(3(x) —6) 2)

A7 y(x)= ST HE, o= FEA dHoIG. ¢
wxp B8 Eolv] HHEH o] YA Fawo uhet gk

Y o rr

AT ELTF PR AL 4 Q)% 2L L4

T 7THAE Hadlsle AT 28 4 & Fe Aot
21 (2)9] Pignatiello <= 7 =

mz
i)
e
S
=
i:‘
r
Eu)
(o]
:‘_l,
N
S
ke

EL pi=(Ely(0)]— ) " C(ELy(0)] — 0) + trace[ CX(x)] (3)

ol 3 (x)E y(x)o TEA FHo|th Pignatiello =4

T 71 A= vk -’FQ] Aol 9} 73 A robustness) 0.2 T4
He A0F A HETh 2] (3)9] ¥ A HA ol o7 wk
SHEFY A= E‘}%E‘EZF EEA| Atolo] it Ao Al
< 5oty F HA ol gle A2 Fi(noise) L4 o
S IR EE on|st W3R o] FAko] Zold & A
2 Fopzlttar g3ty

ojAH 7ItHEAS W] A AN 9 AF F3
S5 A0, A 3)S EL = Lyt Lot 201 E713817]

Vining(1998)2 WHS-HF tal WHSHSE o] E A3
EATFAE AR o)A 7R = W go] Hele}
US4 o229 l"i:’?l(quahty of predlctlon) 2 FAHG
Ko et al.(2005)= ¥H-&H G WES RS oS4 tjAl ol w]efuk
5 X(future response)S A& 01-04 P1gnat1e1109} Vining9] 41
A& dRtshel & Ao whgHSg o X9 4 181

=2 =2
= 25 1y AR % %‘—’F:E: A B

» A A(fixed and planned
, ¥ Ao = Myers and Montgomery
7t 2ol ME =Y

i)
Kl
ok

leve)E x, o
(2002)7} AL-&-3F v} o] FA W
Ql SEWSE et

B -

w;=x,+ u,; (4)
ojwf 4= ME FHoH Fto] 00]aL #Ato] &2 1 THH
T eAFeIY. 7N 2 = 2 FAHS ) of BHEEE
#EA 20 F7 o] /It 0|9 o] FYWFE Mol
e A AA gk FERFolng ofd tE A 24
e Ao Tojste, gepd B4 B AH 27 o
£2 sojop & Aotk

B A7 AR A (1)ellAM f7} ojxH o FHHE
25 24use) wEol gl o wyo) o ¥ A wakeAE



166 Jun-Bum Kwon - Jong-Seok Lee - Sang-Ho Lee - Chi-Hyuck Jun - Kwang-Jae Kim
ohi A )2 Sla) $4 BAWFE WEO| YE A (2= W FHUETH WESHE 350 Wgus B 4
0 AHEAL o W 4, =x,017, 4 (5)% ETh A 5w T, A (10)el] A, WA 2 (5)S P o7
) ) S8 FHF el é} 05 L& A BT F4%
vi{x)=By+ Zlﬁ it ;15 ittx% ojoF & Zlojth
bk 2 (8)9] 22+ 24kl A= 4 (1)9] Pl wet e
T2 Bt O oamzpsh) (o B9 2ol @ A2 E go] F71E A
olH o Lo w20
714 gES 2Rl B Y B A5l IPA ol el HERS 5 A
Beoz TYuse WES wels A 3 Mo A4 Varle®]= d POE? (11
& 0B AT VUS04 BFE 4 (6)7 Lok
Se] 3 WAl 3 35 WEol 9 Wl 4 ()
k k
ylw)=8y+ Zlﬁitwﬁ— Zlﬁmwzt AT QAHEke] BAtolt) 181 F WA g2 AW
b o Aol i e Rare 2 Ho)E AR HAH) £
T2 2B w ot e 6) 3] o] k<] AlFS POE(propagation of error)2}il F-E2t}. ]
N AW HE L HLe B Al 71
2R 5':‘0/]/\—]74];‘(]x‘/]g]./\i%g_o’l_7]ﬂo]_0:]}\] = 7{%\:00@1“4@?\_1_01_ 9 FAkE Z7MRIY A7
Hog 17431/\7]-§J'Elﬂ/\°] Ao H]__o_]jq/\/] _7,‘_1.?4}\]_%51~
}‘](6)01]]:]]?:}0]—‘1] /\] J,]-E-O] Z‘]7H£]q— = o0 1T HE2 AT UL 0T Yol T S Ul <)
B %A I A7t 78 9 W o] E4HHPOEY] Al o= ek
r r o Zg_?sL}Ex]ZL = A 2] AZRFSE 2= 01 =
yi(w):Bz{)+ legit(xt+ut)+ Zlﬂitt<xt+ut)2 —'POE"]T _:ojol']’]' L“I(S ]1 U"]»E’T‘}V\j: ]
L - TANT 19 T2 FovE Zlojt mEhA 3
+ 2 2Bt u ), tu,) e HE A o] EAG T AW 7 A vt} WA S=POE
o] gho] @b EE 4 (6)9 HEHF y . (w)= °12FHY

=Bt Zk:lﬂ X ot 215 mxzz‘f' Zk:l n%k:/@ im® Xm

k k
+ (6,-+ Zl/o’ gt Zl,(? a2 0, u?)

+ 21 glﬁz‘zm(uzxm"'xzum‘f' Mzum)) (7

3 k ko k
Bat [Zlﬂ T Zlﬂmxzt"' /Z“;lﬂﬂmxlxm"' &;
A (N2 AZE a3 g1 AddtaAse

; 4 (5)5 2
He)o) MRS & RHo|th N2e eA8e A Aela,

2y
2] (8)3} o] LERE 4 Q.
ko k
ei=et Zl ;lul(ﬂilmxm)
ko _k vk
+ 2 20 U Banx )+ 2 30 Bt it
k k °
+ Zlutﬁ at2 ZIIB X+ Zlﬁ mu% (8)
A (8)9) N2 234 7|t A & g-e7) 2ok
E[Ej]=j‘ﬁih‘02wt 9)

, 93439] Bto] 00] Shm, TS W 7] o}
it etk o) ,g;—éus)owmxu
S FAT oz 2HAL A (6% o] o3
3ol ] 15,01 SH 2

By (w)] = ELy, (9] + 318 4% (10)

(heterogeneous) A+ 7FA| Al Bt

Fathi(1991)9} Plante(2001) S©] POEQ] ZAXE A|oks%
on HhS W] & BAlo g 7 di AMREE A=
Ribeiro and Elsayed(1995)7} #AAI8 4] (12)8} 22 7]87]
(gradient) A B & &-&-3F Ao|t}

. k ) 2
Varly(w)]= ¢+ /Zlozw,( B ) (12)

&, A7 E 7t SEAFOIRE 71270l 7]thAE A
AT 5, WA W9 POEE Bt 2T

Covl e}, 1=

ARG wzol gls Wl 09 y](x)
e 8 Tt poE, ol HaiX=

dij+ POEZ']'

o TEA EE
Ao A58 Aol glA A (119 poE, S TAFH &
Ao Mo oda 271 S8 aw gEdoz 44



Multiresponse Optimization through a Loss Function Considering Process Parameter Fluctuation

T Utk o] E FHWGF WE e iR o] EAHE of
Uzt FEatel = @& vt 233 07 3Tt &5
ool A9 e wae] £ FRAL 2N 1A W)
A pog, = el ETh

T TENE A (12)9 F B AR 4 (15)9 2L
AL AN 5 Ik ole] e 2AE 5ol AT AR
Rol4 Aaisizol A (1)9) RAo] 17148 A3 B A
298 49E T+ A0

13 |
Coy (), v ()= o, + 30, 5 o] aya;(ci,ﬂ)

=, At A g o) B9 POEE He %E}.

POE,; = . 2.8 P o] Pl (16)
2 (160 Y, 71&7]9] A ga} 38 HTF 9] BAbo] 245
HolHe F&Ate] Auito] 7%741:} ol = w-g 2o 7]

£719 $-571 widold pog

Ribeiro and Elsayed(1995)‘i—
g3lou} wgnsge] Fua
e wge] Fleeae) 7
712]11 Plante(2001)= POEE &4
At

9 3 7HA A "

Ha9] H5-S MRS &
%A} ShA] a1, T d]
1

ks
H
=]
=

ot r{

rm% %

A

O{N ol

o]r =

#asfetaiak o

=
4 483 7=

.
ol
oxt
rE
j;
rE
offl
o
d
&
rols
P
1tad
ol
&

P1gnat1e110(1993)«] £
o 1 e A1 20
y(w)E A )] sk

N ool
=L ok ox
B

=25
£zl
- FFH?

Of

£ o
b 30,
rr

rp
a2
o
-4
o
8=
1>
Ei
2l
mxl
oy
=
kﬂ
:L

E[L(w), 0= (E[y(w)]— ) "C(EL/(w)] — 6)
+ tracel C X, (w)]

—_
—
-3

~

39
2

B )

A
A Bl
TF ()Y FEAG DS e B E o] Ul F %i
o} grom thzt o e 2 (15)9} 2t} whebA] o]
[e)

2ol xS Sltk

o

¢

Fwigo) Tolo] AjRahe 4 (17) 94 3
I A (10)7 2ol 45HT 34 5

§
=3
X,

S
e 7
dlo — oo oot

Lo

rlr

Zy(w) = 2(x) + Zpog(x) (18)

A7 3,000 W dae A (13)2 2
=4 (163 2.

4] (18)0 2 (17)01] IR tracel C(A+ B)] = trace
[CA] + tracel CB]Q] Ao o3l A 4] (19)94' 2L g4

P, (G,) B4

167

& A T WE o slthe o= 7]
AT

EL™E
&2 9] 9 Ao R(random)S

=(El y(w)]— 0 "C(EL y(w)]1 — 0) + trace[ CZ (x)]

+ trace[ CX pop(x)] (19)

-
&%

gu42) WE o] §lthd (62,=0) Ely(w)]= Elv(0)],
Val y(w)]=6%= Varly;(0],  Covly(w), vy w)] =0 ;
Couly (x),y (0)]C1EE  $,0:(x)E 0 Bo] ). wehA]
4 (19>91 ELRE A (3)9) 21,5 R} T, A%, Abe
& Pignatiello £AF4 W Ee] Awsty Pejzbm et

)

NS BPUE WEo] U2 W W3

pale I o g P Lmbmi foﬁ T Ao,
o~

mbustﬂ-
o] A

D

A

¢

L oo

rroox

EL R= L £HS+ L ﬁbust: L lgas+ L robust+ L[)ae (20)

ol we} 7l prrg HAAIE
AWl gl Aoke v 293 ol

FAZA ok

5. 3] A

FTAHGT WE 9] G A H 7] 489Ko ef al.(2005)7} ©]
43} Polymer AF2| S 53] Pignatiello®] <235 283}
Ae At A WS A &3 AAE Hlasj Rt o] AL
HollMe FEHTF WEo] SAH UA 7] WEo] & =
AN TG B gk Y= 7P st A S 3
STk

<Table 1> o] A|A]H Polymer H|o]E o= 37]<] ¥4
274} /E

01___1_

B o}
B U5 SN O E AT ) 0
o) L2l SRk ) olth A A whEHEd &
) Hﬁi (conversion of polymer, y )< 804 1007k4]9] %k
o] &= BxX)(0,)= 1000]th F WA HEHre 48
S(thermal activity, y,)°|™, 55~60¢] M= LR
(0,)= 57.50tk

74

5.1 Pignatiello W} — 33 W59 W] gle B+

-4 Ko et al.(2005)7} Pignatiello <=2 3k W 0.2 =431
B 7R o FAA = 221 2t o] W FFHE
ofWF o] Jle ot



168 EH - o154 - ]
Table 1. Polymer data
Ly Lo L3 Y1 Yo
-1 -1 -1 74 532
1 -1 -1 51 62.9
-1 1 -1 88 53.4
1 1 -1 70 62.6
-1 -1 1 71 57.3
1 -1 1 90 67.9
-1 1 1 66 59.8
1 1 1 97 67.8
-1.68 0 0 76 59.1
1.68 0 0 79 65.9
0 -1.68 0 85 60.0
0 1.68 0 97 60.7
0 0 -1.68 55 57.4
0 0 1.68 81 63.2
0 0 0 81 59.2
0 0 0 75 60.4
0 0 0 76 59.1
0 0 0 83 60.6
0 0 0 80 60.8
0 0 0 91 58.9
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Table 2. Comparison of Pignatiello’s and proposed solutions
. Liopust
T

yi(w)  ya(w) Ly Lyopust Lioe subtotal EL"
Pignatiello’s Solution | (-0.69, 1.68, -0.75) 93.30 56.43 5.42 1.12 7.17 8.29 13.71
Proposed Solution (-0.73, 1.68, -0.66) 93.26 56.49 5.39 1.25 6.88 8.13 13.51

Table 3. Proposed solutions under different standard deviation of process parameters
Ot T :ew y, (w) Yo (w) Ll L gpust Ly Lyt EL.,,
0.0 (-0.694, 1.68, -0.751) 94.29 56.43 4.14 1.12 0.00 1.12 5.26
0.1 (-0.697, 1.68, -0.744) 94.26 56.43 4.18 1.13 0.29 1.41 5.59
0.2 (-0.707, 1.68, -0.727) 94.15 56.43 431 1.15 1.13 2.28 6.59
0.3 (-0.717, 1.68, -0.704) 93.94 56.44 4.55 1.18 2.52 3.69 8.24
0.4 (-0.726, 1.68, -0.681) 93.65 56.46 4.90 1.21 4.43 5.64 10.55
0.5 (-0.731, 1.68, -0.659) 93.26 56.49 5.39 1.25 6.88 8.13 13.51
0.6 (-0.733, 1.68, -0.641) 92.79 56.53 6.02 1.29 9.85 11.14 17.16
0.7 (-0.731, 1.68, -0.624) 92.24 56.57 6.81 1.34 13.36 14.69 21.51
0.8 (-0.726, 1.68, -0.608) 91.61 56.62 7.79 1.39 17.39 18.78 26.57
0.9 (-0.719, 1.68, -0.594) 90.91 56.67 8.98 1.45 21.96 23.41 32.39
1.0 (-0.711, 1.68, -0.580) 90.12 56.74 10.43 1.51 27.05 28.57 39.00
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Figure 1. Difference in expected loss between Pignatiello’s method and proposed method.
Table 4. Pignatiello’s solutions under different standard deviation of process parameters
Standard * ~ ~ R R R
s . L Liopus EL
Deviation XT y 1 (w) y 2 (w) ias [ﬁolmst ‘poe robust new
0.0 (-0.694, 1.68, -0.751) 94.29 56.43 4.14 1.12 0.00 1.12 5.26
0.1 (-0.694, 1.68, -0.751) 94.25 56.43 4.19 1.12 0.29 1.41 5.59
0.2 (-0.694, 1.68, -0.751) 94.13 56.43 433 1.12 1.15 227 6.60
0.3 (-0.694, 1.68, -0.751) 93.94 56.43 458 1.12 2.58 3.70 8.28
0.4 (-0.694, 1.68, -0.751) 93.66 56.43 4.94 1.12 4.59 5.71 10.64
0.5 (-0.694, 1.68, -0.751) 93.30 56.43 5.42 1.12 7.17 8.29 13.71
0.6 (-0.694, 1.68, -0.751) 92.87 56.43 6.05 1.12 10.33 11.45 17.49
0.7 (-0.694, 1.68, -0.751) 92.35 56.43 6.83 1.12 14.06 15.18 22.01
0.8 (-0.694, 1.68, -0.751) 91.76 56.43 7.81 1.12 18.36 19.48 27.29
0.9 (-0.694, 1.68, -0.751) 91.08 56.43 9.00 1.12 23.24 2435 33.36
1.0 (-0.694, 1.68, -0.751) 90.33 56.43 10.44 1.12 28.69 29.81 40.24
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Table 5. New solutions when one of variations is zero
Machi b laced Machine A Machine B Machine C
achine to be replace (G, = 0) (s = 0) (0,5 =0)
T (-0.73, 1.68, -0.66) (-0.71, 1.68, -0.73) (-0.76, 1.68, -0.63)
EL", 1143 9.68 1125
EL* — EIE 2.08 3.83 2.26
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