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Abstract Multiple response surface optimization (MRSO) aims at finding a setting of input variables which
simultaneously optimizes multiple responses. The minimization of mean squared error (MSE), which consists of
the squared bias and variance terms, is an effective way to consider the location and dispersion effects of the
responses in MRSO. This approach basically assumes that both the terms have an equal weight. However, they
need to be weighted differently depending on a problem situation, for example, in case that they are not of the
same importance. This paper proposes to use the weighted MSE (WMSE) criterion instead of the MSE criterion
in MRSO to consider an unequal weight situation.

Key Words : Multiple response surface optimization, Squared bias, Variance, Weighted mean squared error
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(priority-based approach), & 7}%=3+=1H(desirability function
approach), =415+~ (loss function approach), 3752
H(process capability approach), &-&7|55(probability-
based approach) 502 FEE 4= JUTH9). o] F
T2 9y g osRkeRd A 7Y F s
UE, thL&|(Taguchi)?] o]z} <2218k (quadratic loss
function)o 4] IYE 7]8o]T10-12]. °]FHE AEH

o} MRS ofnlgith LA o)

s
&A%
=

ol

P

o|50| BHE4E Aole] A
ohe, £ATGE TS Ha
Bk SUFRHE T
wel olgul G

A)

(multivariate) %2

)

o r
g rE

ot

=3
<

E
rE ol
o ok
o 2
>

ZHagaregation)5H=
T whguaE

T}H13, 14, 19].

_O|L
2
i
AL

K

o
=
21'4
N
4
L

il
o
ox

>
Mo
=
olo
e
4
1o
e
r.l

off
4
u
i)
N

2
N,
2!
AV
ol
ol
+

N
i

-5

O

% o
X
N
ol
k)
X
=
Ir
>

(o e o ok pt L
g3
ot

i

)

23

ot

ok
>,

+r(mean squared error, MSE)&
(2)-(4)= FEEA (nominal-the-best)S &=
R = P e R P

L(y,(z))
HL(y, (@) =c[(i,(2) — T,)*+ (0,(2))?].
MSE, = (p,(z) — T,)* + (0,(z))
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37k ek 3 RAloAls ole}
WA T AL e melE . Feolt 2=
ZF=9] HA} (deviation of the lozenge angle from its
Z|2-9] HXKdeviation of the
270l

= ZHU A Zx(lozenge angle,
diameter, x,),

vertical segment, x3) 5
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nominal value, z;), W%

bore diameter from its nominal value, 2,) 5

AL 5917} 2p30f] gk 2718 YA A (one-half
fractional factorial design)y}, S48 (33 ¥HE)} Zx]H
) ZAl 2t 1514 % 6sl)ol AHA-E F7he %
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S dolE F & ZAol gt AAlgE drg-S [28]0]
oF GIth. & BRI gy, y, BE] het FHAS 4
(14), (15)9} 2t}

y,(z,2) = 1.38—0.361z, —0.155z, (14)
+0.0771z, —0.1482,2, +0.0218z, 1,
+0.0132,2, +0.04812% —0.0588z,

—0.0116z, +0.01z, 2y,
U(z,2) = 1.64+0.592z, +0.438, (15)

—0.0952; +0.301z,2, —0.143z 24
+0.20127 —0.0844x 2,2, +0.07947, 2,

[201: 2] (14), (15)Z2FE 2,3} z,= AWAA7 §
= Aoz 7stel, yy, o) Bet, BE
A2} 23S A (16)-(19)2} Zdo] =&3F%ch [20
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o
AL, ¥

o

11, (z) =1.38—0.3612, —0.155, (16)
+0.0771z; —0.148z 2, +0.0218z x4
+0.01302,74 +0.048127,

[(z) =1.64+0.592z, +0.438, a7
—0.09523+0.3012,2, —0.1432 24
+0.20127 —0.0844x, x5,

oi(z) = (-0.0588+0.01z,)°0? (18)
+(=0.0116)%0% +s7,

(71() (0.0794)%02 +s3. (19)
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5.2.1 HOIE7 |8 83 A0l 2T

51?(11

&l y o A (™, aﬁl?“f) =(1.0000,
0.0533)2 Tk thEo A& 0014 1744 0.01 &
A= STHIZIHA A (9F Hasetal, O Aie =E

=
HEEA

g 101700] (i, 0 AT AEHAE WEAT &
of R E o] A A7}

W ke Ao x'=(0.7965, 0.3863,

ideal

B34 el A5 F (",

4
L0.1789), (11,
7)=(0.9998, 0.0552)0]t, o] W] A zkel 0.695 =
A2 Astrt Table 1@ 10149 &, (1), 0)=
(i, G Re] AAAR} Tk Al el
Itk Fig. 1@)€ Table 10)] 27 AZH 02 Bolz

o #nE Fig @A (W, o 1t (1, o=
(0.9998, 0.0552) Ao]o] #e|7} 744k 74 HolA] b

olf-s e FT} yF 1ho] 2AY Ao wEoltt.
thro AEA 5,9 A9 (' o))

=(1.0398, 0.1560)2 TaAL;. TF2o 2 3, o 7Aoo} uf
kA Ao 4 (100 Haskstl 101419 (1,

)8 EEHALE. O1F F (4" o ziEe 94

(B,

Q

ﬂﬂ?’} Vg e Ae £7=(-0.4817, -1.0000, 1.0000),
(1, 00)=(1.0417, 0.1596)0]8, o] o] A,zkel 0.07:
2E A2 53Tk Table 1(b)€} Fig. 1(b)= o139 4
B} aoptel HolFm girk FIE, Fig 1b)elHE
Fig. 1()9} Zo] 2 %3} y& 740 27|19 Folz Az}
tha o aEA Bzt

5.2.2 WMSE 7t&
oA =2EH NI A MSEZ A3 54
(20)-21)), =9 7]771% 2| 23jh(4] (22)).

gel x|As}

HE W

WMSE, = A\, (i (z) — T,)% + (1= ) (o, (x))*  (20)

1
=0.69 (s, () —1)% +0.31 (0, ()2
WMSE, = Xy (j15())” + (1= 2,) (0,(x))? @
=0.07(po(z))* +0. 93(02( )%
Minimize w, WMSE, +w, WMSE, (22)

st. —1.682 < x,<1.682,i=1,2,3.

4 @) w 3wy F NS ol ofa) 2
FS]E‘]R_‘:‘ %L'X] =Al H]_Q_ Sz 0 J—la_sl_o:] %REOH II}‘E]-
AAEoof sh}, B EAEoloAl= 75| wi=w,=1

2 Ak of2dt =4 stellA A 2 & 2k

[Table 1] Determining A, and A, based on the Data-Driven Method in the Problem

(a) Determination of A,

* * * * > “* /-\
A T = (1’17$27 JJ;;) (/LI, ay) Distance from (quldeal, (Tlldeal)
0.69 (0.7965, 0.3863, -0.1789) (0.9998, 0.0552) 0.0000035542
0.68 (0.7969, 0.3860, -0.1789) (0.9997, 0.0552) 0.0000035545
0.66 (0.7976, 0.3853, -0.1788) (0.9997, 0.0552) 0.0000035569
0.67 (0.7972, 0.3856, -0.1788) (0.9997, 0.0552) 0.0000035580
0.7 (0.7962, 0.3867, -0.1790) (0.9998, 0.0552) 0.0000035582
0.02 (0.9863, 0.3514, -0.1742) (0.9470, 0.0534) 0.0028058367
(b) Determination of A,
* * * * > X -
A2 xr = (.7,'1,.’112, ’Ir;) (ﬂ; O—;) Distance from (szdcal’ O';'dm])
0.07 (-0.4817, -1.0000,  1.0000) (1.0417, 0.1596) 0.0000161
0.08 (-0.4928, -1.0000, 1.0000) (1.0413, 0.1598) 0.0000163
0.09 (-0.5016, -1.0000,  1.0000) (1.0410, 0.1600) 0.0000168
0.06 (-0.4678, -1.0000, 1.0000) (1.0423, 0.1593) 0.0000169
0.10 (-0.5091, -1.0000,  1.0000) (1.0408, 0.1601) 0.0000175
0.01 (-0.2350, -1.0000,  1.0000) (1.0635, 0.1560) 0.0005617
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a v &,
0.0555 - (A, &) =(0.9998, 0.0552) i
A=0690 T~ '
- 0.161 -
0.0550 - {j(fz;,a;;z(l.mm, 0.1586)
0160 - _
o % =007
545 A . Y
0.0545 . 0159 - .
. L]
0.0540 - R 0158 .
; 0.157 .
[t gl - (10000, 0.0533)
0.0535
¢ e 0.156 - X .
* \(ﬁ;“’”, &ty = 10398, 0.1560)
0.0530 . : . : , : LBy 0135 ; : i
094 095 09 097 088 09 100 101 1.03 104 1.0 1.06 107

(a) Determination of A; (b) Determination of A,

[Fig. 1] Determining A, and A, based on the Data-Driven Method in the Problem

[Table 2] Minimizing the Weighted Sum of WMSEs and MSEs in the Problem

(a) Results of Minimizing the Weighted Sum of WMSEs (Proposed Method)

A,=0.69, \,=0.07

(wy,wy) o= (2}, xy, 13) (MAT ;{) (MA; JA;) w, WMSE,
k ’ : WMSE, WMSE, .

w, WMSE,
1, 1 (0.3812, -1.1709, -1.6820) (1.3789, 0.0590)  (1.4358, 0.1578) 0.1001 0.1675 0.2676
2, 1) (0.3314, -0.5098, -1.6820) (1.2390, 0.0595)  (1.7997, 0.1571) 0.0405 0.2497 0.3307
3,1 (0.2993, -0.1656, -1.6820) (1.1722, 0.0598)  (1.9725, 0.1567) 0.0216 0.2952 0.3599
4, 1 (0.2814, 0.0328, -1.6820) (1.1351, 0.0600)  (2.0684, 0.1565) 0.0137 0.3223 0.3771
S, 1) (0.2731, 0.1596, -1.6820) (1.1106, 0.0600)  (2.1313, 0.1564) 0.0096 0.3407 0.3886
6, 1) (0.2607, 0.2577, -1.6820) (1.0944, 0.0601)  (2.1732, 0.1563) 0.0073 0.3533 0.3969
7, 1 (0.2564, 0.3234, -1.6820) (1.0821, 0.0602)  (2.2048, 0.1562) 0.0058 0.3630 0.4034
@8, 1) (0.2660, 0.3521, -1.6820) (1.0718, 0.0601)  (2.2311, 0.1564) 0.0047 0.3712 0.4086
o, 1 (0.2487, 0.4184, -1.6820) (1.0650, 0.0603)  (2.2486, 0.1562) 0.0040 0.3766 0.4130
(10, 1) (0.2782, 0.3970, -1.6820) (1.0568, 0.0600)  (2.2698, 0.1565) 0.0033 0.3834 0.4169

(b) Results of Minimizing the Weighted Sum of MSEs (Koksoy and Yalcinoz’s Method[20])

A,=0.69, A\,=0.07

(w,w,) = (7, Ty ) (MAT UA’{) (MA; JA;) w, WMSE,
: : : WMSE, WMSE, .

w, WMSE,
1, 1) (-0.0166, -1.6820, 1.6820) (1.7349, 0.0627)  (0.7422, 0.1549) 0.3739 0.0609 0.4347
2,1 (0.1195, -1.6820, 0.9234) (1.6814, 0.0615) (0.8286, 0.1552) 0.3216 0.0705 0.7136
3, 1) (0.2335, -1.6820, -1.1387) (1.5485, 0.0604)  (1.0427, 0.1560) 0.2087 0.0987 0.7248
4, 1) (0.3178, -1.6820, -1.6820) (1.5054, 0.0596)  (1.1112, 0.1570) 0.1774 0.1093 0.8187
6, 1 (0.3916, -1.6820, -1.6820) (1.4969, 0.0589) (1.1281, 0.1580) 0.1715 0.1123 0.9697
6, 1) (0.4546, -1.6820, -1.6820) (1.4901, 0.0583)  (1.1444, 0.1591) 0.1668 0.1152 1.1161
7, 1) (0.4518, -1.5520, -1.6820) (1.4587, 0.0584)  (1.2266, 0.1590) 0.1463 0.1288 1.1527
@, 1 (0.4407, -1.4180, -1.6820) (1.4277, 0.0585) (1.3078, 0.1588) 0.1273 0.1432 1.1614
o, 1) (0.4305, -1.2984, -1.6820) (1.4004, 0.0586)  (1.3791, 0.1586) 0.1117 0.1565 1.1618
(10, 1) (0.4212, -1.1917, -1.6820) (1.3764, 0.0586)  (1.4418, 0.1585) 0.0988 0.1689 1.1572
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