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Abstract

A method is proposed for the simultaneous optimization of several response
fuctions that depend on the same set of controllable variables and are adequately
represented by a response surface model (polynomial regression model) with the
same degree and with constraint that the individual responses have the target
values. First, the multiple responses data are checked for linear dependencies
among the responses by eigenvalue analy51s Thus a set of responses with no
linear functional relationships is used in developing a function that measures the
distance estimated responses from the target values.

We choose the optimal condition that minimizes this measure. Also, under the
different degree of importance two step procedures are proposed.
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t}ul-2-(multiple responses)o] ZaA& o 4 27§ 3= F-A4
7} =gt Lind$(1960)-& uhe 3248 o] &3k ubni-g- A}4-3}9] 17, Harrington
(1965)3} Derringer2} Suich(1980)3= chubg F-AjelAle] A %a‘ii*ﬂ 37% g
(desirability function)& A gkstgict. = o} 8h4]-2 Khurig} Conlon(1981)¢l] 2 3}
AMAls e, 152 uiewg-Erte] AuAA-E Box, Hunter, MacGregor$}l Erjavec
(197310 A A ekg}t 18-% E-A(eigenvalue analysis) o2 FA}sle] w5 7he] A
& FE0A ) - 4‘“"?"* Z2EPA L WP 7= HE A AR F A F4E he 7
wh-gH e A A ¢ (x)el 2 FA R 9] olAb ¢ 9b¢] Ae] FX(distance measure)E
43} 2]7)= 1£2] 33 sH(simultaneous optimization)® & A|Qrstgdch. o] W)

«*1 FEEG L o4 ’l ¢.5o) 25 &5 el (random vector)ghi= A o]t} upe}a] o
=T AE 659 I E& Tl Aesre] As HAgshs e At sy
cf. cidde) o] A FxE AR’ B4 #A 3w el =2 Fichtali, Voort2} Khurs

(1990)¢) 3=oll B3H 25} ol WM FTol AT 2A0] Uk Al akA 2
& slem o) 4% 2YRSE] P22 WK 02 M3pAI7 7hEA SASe 4 PROC
RSREG & ol 45k 25 £2& 3t 7o) b2 walrh
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B oot Agk sAo @ #E Welr) opd EH A (target value)7} Az Aol
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2.1 th¥k-¢ 2.3 (Multiple Responses Model,

Bl A3 Aawslsl 2% W-E(coded variables) ¥’ =(x,, x,, -, %) 2+ A ¥
4] olzl r7He] LG ¥ =(V: Yot o VD)ol QL wtle] Alglo] Alas gl
of pHA S Y. o) g oS o] A AL

Y. = F.te, i=1,2, . r (2-1

71 Y =(y,, v . 3002 BF o), Fi= pl o] ul Ao Al B ok nxp A &
A4 s (full column rank matrix;2l Xo| &k 43 % 3 (linear model)2] X f. |t}
B3] F.iz 227]7F nx19) b4 QA< ajdoln] 2 whg HH FA el A Abgd = oy
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E(e) =0,
Var(e) =06.1,, i =1,2, 7 (2-2
Covleg, =) =a,;l,, 1,7 =12, -, r;i#].

(DA ZE o) $5E chedt 2o 4oz BP9 5 ek

Y = F te. (2-23

o3\ F=Zf »\v Z=diag(X, X, -, X))ol Bg.vz} 3§d(block-diagonal
matrix)o| ™ p=(fi/: B 1 B)o, g=pr °IE}. e =(el &7 & Jun O]F,
A (2-2)2] A2 2 gof] iy FAR-FHAE P2 v}-3-7) o] T

Variet - 5®1,.

o7 T=(g,).. °|li ®+= PHE2] A H(direct product £-2 Kronecker product)
olt}y. Var(e)=lo;, I,)=Qpe, 22 ERNA]

2.2 3% (Estimation)
(2-3)2] Z8oll ] g2} BLUESH £=(q,) 9] EHFH L

p=(2'Q'2)'Z2Q'Y, (2-4
6, =Y L-XX'X)"X'1Y,In, i,7 =12 7 (2-51

2 g8 A 2o} (Khurig} Conlon(1987))
(2-4)9] & A 0] AAbAL o] 3be] o e Ye 2 WY}

B

(Zz'Q'zZyV'zZQ'Y

(Z@EZ'®DZ]'[Z'E'® Y]

IZ2DNET®Z'Y) (2-6!
=13 (Z'Z)'Z'Y

(Z'Z) 'z
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3. t}uks- =x] 2 A3} (Simultaneous Optimization
of Multiple Responses)

31 HEA7F EAE “1194 A # A3}

A Bl A A4 %ol BT E Abolo] F53A-E Box5(1973)0] Al kel a5-3] ¥-
A& ol 83l HEZ —'?l FEBAE A 7= WS HTES A A S 1Y M2 ST
Al vb-gHF W] EAFHAL, 4 B ER X 1 =(1, 1, -, 1,)0] EA T}z A
gt 23} A FA] 2 A3 ub S At 2o

A WEg-2] FA AL 53} ohe)k B A A 27 oh53) o] x3 " gl

Plor = 2 (0B, d= 1,2 (3-1

1714 2 ()& :717} pal FHEH 2A] AHA Y4+ o] A (p-DAE (), x.
<o, %) 2] H(power ot} iiLx}H (cross-power) 2] el v}dt B3jo|r}
(3-1)2] 27 4] o2 H¥]

Var 3:x)] = 22 (X' X) 'z2)e, 7= 1,2, -, 7,
Cov ylx), y(0)] =2 X' X)'z2e., 1,7 =12, 7;i#]

VL & A, e FHA

Fx) = 13 (x), Wlx), . 3, (x) o] R}
Pilx) = 2" (x) ,B o] a1,
Var(p) - (o,(X X)) olm2,

Var 301 = 2’ (X' X) '2(x)% o)}, (3-2:
Slef 7ke ARA 2 9] Khuri®} Conlon(1981)0] #|gket A=l &2 & o] 43 23 &5
&3 2t

D) = y(x)- r]’Var ]yl . (3-3;

chtkgel R 5 HA8E A7/ A (39408 A eRIhe xE R Aol FAo
o (3-3)& (3-DF Agste] v}-g3} o] MaHT),

DG = jw—t' T [ ro—1] 2 WX X) 2 . (3-4.
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aebd] Euleded Rl SEA7F A S Wel thibg $4) HA3} 712 -0 L
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Min...x D(x). (3-5)

32 F857} oh2 o) 54 HA 3}

rRe] vkgu ol 8 7hzhe] MW o) F 8 w7} o} AFe] FF YA E
Sof A A}e] witell y, ukgo] y, uh-E Rt F st} n A= 7 Fol ohikg T4 3
A5E A7 22 & w7} sk o) g A sl A AR (3-5)) 71EE 0] 4% Frt
2 g Azbs B odoh AHA 2 P2 5 gl L 7HEAE 2 akgi o
24 Fola] B4 2438 A7l Holr). ol (3-5)2] 7|E2 7] v ZHEA] FH (W
2+ Q) W=diaglw, w,, -, w,)E A&stH o}&3} 22 FA| A3} 7| Fo2 vyt

Min... WD(x), (3-6)
3714 WD) = | ()~ ) W Z W[ 3w)—1)/z @)X X) "' z2(x) o] 3

i} w, = 1.

Sl oz 7t g el FRE Aol S d,(x)= 5 (x) —19) o2 AT $ glom
2 FLE Aelo) AL 4 WE 2 o) g DEeHe A2 e Frlde (RIS dA s,
g el 3-04E Hash A7l WS 448 Ak AT F g FolA
v, ubgo] y, whg ML} oF o sk FRlCh 4,(x) 7} di(x) Het Tl A E A e 3he
HE% dok @ Zolch. wehd dgd e AL WEEE A2 TG (RIS A
g3] §A| HH71& TS ek

Min... D(x)
o]7| ) R* = {x:d (x) < d.(x) and x€R}.
wraba] poRe) uhg el vt ATl & AAHH 45 AT dx BA=
2axE Yehl i 1o wel 2 Fride R A" £ ook o] $uldHelA
(3-5)2] 7|&& H4ste] 2] A3} 238 Fevh F,

Min..x- D(x) (3-7)

o]9] Trhx} ubd Fell4] (3-7)2 Fichtali(1990) 50|, A& zze] SIS ol F4] A3
o gy 2 wtA A o2 wsl A AA HH2AE s s fAbsle =3 ohg 4
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o A4 B F sl50] (3-6)9) 71EE AHEA S Walel WRteA WA TR F 5
Atk Z, (3-6)9) 7183} vl watod (3-7)9] 7150] T RES] R Aol E A W2
& oF 5 gk,

4. 7]& A5 o] A&

3Hel A g A HAAE2AE = dl24 Khuri(1981) 5o 4 )28 Schmidt
(1979)%52] Az g g8t 2L Folel 2YMS x (cysteine)9} x,(calcium
chloride)”} W7} wh-gw 4 y (hardness), y,(cohesiveness), ¥, (springiness),
(compressible water)ol] P]2]& o382 AR AR E W7he] WL ES T4 Eﬁﬂi 3l
A RS Aavt s

(R D2 7ztel ARR 2 M E A gs Aot

X, ¥, kg Vs v, (mm) Y (g

-1 -1 248 055 195 om
L 1 1 oo 052 | 137 0.67
I 1 071 | 0.67 1.74 0.57
| 1 | 0.41 0.36 120 | 069
~1.414 0 2.28 0.59 175 | 033 }
t 1.414 0 | 03 0.31 113 | 067 ]
0 “l4l4 | 2u 0.54 1.68 042
0 1414 = 078 051 | 151 057 |
f 0 0 | 150 0.66 1.80 044 |
0 0 1.66 066 1.79 0.50
I 0 0 | 148 0.66 1.79 050
0 0 | 141 | 066 177043 '
0 0 |

158  +  0.66 1.73 } 0.47

WA o] Abge) 3 Fx ¥4 A} (Khurik (1981) ¥ H5S 7kl A8 F540] g
7 2ol oh3

i ALE EAE Y e uhg WihE BF AL 819, 23} b 3
A L (26900 ol AR A3t che GEDE YA =
5 o83t ohy 295 Agict
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0.0399  —0.0019  —0.0066  —0.0014

] 0.0005 0.0003 0.0005
N RE 0.0025  —0.0002
0.0017

3ol A Akl A2 FEF o83t FA] HHRAE 3] A WA FRAE ¢
=(2.30, 0.50, 1.80, 0.30)' 2 A3}Hc}. EJF Fujdd oz RS o537 o] R={x: 2,

+xi<2i2 Falw olu (3-5)F 7| £ 22 3 FA] HANFL x=(-0.2422, —1.3932"
o], olufe] ukg3r ¥(x) =(2.3024, 0.5544, 1.7861, 0.3547) o]t}

(H2) 2% cted 57 28€olM FHE A

M Y2 Y3 ¥
B | 1.526(0.069) 0.660(0.007) 1. 776(0 017) 0.468(0.014)
i} ‘ - (1.575(0.071) ~—0.092(0.008) ~0.250(0.018) 0.13100.014)
B. - 0.524(0.071) —(.010(0.008) -0.078(0.018) 0.073(0.014)
B . - 0.171(0.076) —{1.096(0.008) -0.156(0.019) 0.026(0.015)
B -0.098(0.076) -(.058(0.008) -0.079(0.019) 0.024(0.015)

B 0.518(0.100) ~0.070(0. 011) 0. 010(0 025) —0.083(0.020)

( = jf_*r‘g_xl' Standard error)°d

Aol dlollA] A HA yk-gal y o] vhE vhg-F B} FR3bhAL &b o]/ 27 ‘1 (3
-6)3 (3-7)8 7153 A g3le] ¥i b5 32 AAE A& 7 Uk 1A (3-6)& -
23] S8 w, & 04,05, 06, 0.72 WHIE T w,, w, w,E 5YT FLEE 2H "‘l‘
At 7 A w, o] 042} 0.7 4= HH 2] zbzt (—0.2242, —1.3962), (—0.230.
-1.3952) o]a7, o)) whg-7ke zhz} (2.2865, 0.5548, 1.7822, 0.3588), (2.2918, 0554""
1.7835, 0.3574 0]t} 2ot w, =0.5, 0.60) A+ FHZ| 2 A0] 0.4ddje} A2 FL3}AI
stob. C1El Al w, =04, 078 AS v, vy, v BHSE Ry, w7} 20l Tel ] '63- £
Z ot 2o A wbg-F 9] Aol 2 FRE Aol F FE3| whedstA k<
vh apejd olelgl Aol & A A H8 7lF 3-T1& A &3le] ¥glrh. 7]&F (3-6)
4w, =04, 05,06 0.7 27kl Hske] 8 w3 ARE Fold RS b 2]
a4 sl

)2, (x) < dix), (i) 3d.(0)<d (o, (i) (9/2)d (x) < d.(x)2}

(iv) 7d, (x) < d.ix), i =23 4.

o] R*oflA} 715 (3-1)8 A8 At (F 3 & At
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(HE3) J7|1= @-No &5t Aot

} X X i ¥, V3 Yi

i‘ ) i-0.2921 —1.3952 2.2908 0.5547 1.7833 3577

‘ (i) ] ~0.2302 —1.3952 2.2918 0 5547 1.7835 0.3574
) ‘ ~02302 13952 22918 05547 17835 03574 |

-0 2362 —1.3942 2.2971 0.5545 1.7848 0.3577

(X Do gatd i)} (i) o] A= FLdsA, 715 (3-6)148) w, =04, 0.5, 0.6
o] A7t FAdgt Ao ula) kbl zlolE Holar glch. w3 (1)} (iv)e] Ao} w
=0.4, 0.7 A& olLs] B o 25 wk3-3ha} BE e 27} (3-7) 7] Fl 2% A
7t A el 43 o] Ao 7] E (3-Ti0) 717 (3-6) K} oF7F g eS ot g
sk w3 Fdal Axg Faxe] dxwslel a2 Mz WEtE A B oo x
o] x, W} Wistr} AghE of 4= qlvh. wabA] o] AE F R AE x 0] x, Bt vbgEo
o3 g 73 vk S o gl

5. 4%

AubA o 2 oiubg Wpr) EAlEe AT %"‘l 31 A 27& e A= 18 A 2%
uhel o] @2 ah2l So) tlFo] gy B =% 1 F Khuris(1981)0] Algkgt A<
ro] o FEstct. F, 150) *ﬂ“ﬂ ‘1?‘4 Z 5= zhzbe] wbgo AldE 27e] g,
=3 A FHAge ZJIA]S}Z] B8 4= glvhe g™ o] glo} (Fichtali%s (1990)). w
"4/‘1 AN 27 o5 A B A7) Y-S uo] FA] HH 2 G 2o} ‘E'—‘?&f)r

o|2 &k Al A (3-4)41-& At Bl L, o] A& HAZ Fles xF T3l Frled ol A
T8kt (3-5)9] 7158 Aot shdc). w3 7hzke] wbgo] F 857} ohE 7 -Fol o slof
FrhA] Wb g redsf Mokel, w7 E (3-6)el vield o) 7hEx] e g o] &3l
0] L:]Jil._o- Ex] R (—l ,L/-].Q xl—o]. A %L,}v.

iRld] 4" o ol E gale] oF g gl Kol Zh b Ee F8 % xlo] whe] ukg-x| e} 5'1—
x| o] afo| & whedy] 1] ofatrt. e o} 7|E2R (3-T)& Azbs) Hokar, o7&
fxe| ol FE Mg x et K xR Ao xfo] 2 Y2HE M7] aj-oll, o} A el &
Fahs A2 Fulddel A (3-4)4 8 HaR sz vhdolr). 4= FAIRAA L
(central composite designjell ¢|&F 23} t}a} 3]7 22| nbg-xH BMof A 7] (3-5
(3-6), (3-7)& #} &-}o] Nt}

1 A3t 71 (3-000] (3-6) Kok oF7t o) mIZbEHA| wEE-gHE o ¢ ol TR x| Rl
7F el A ubed sl ok 4 dek webd Ak e 2 A zelr] { AL, o] Helgk v
F13-1)& Abgsle o] w %751'6}‘4"’ Bzl o) 718 Fichtalis(1990)o] 7t vh-g-of

)

Lt
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