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A Posterior Preference Articulation Method to
the Weighted Mean Squared Error Minimization Approach in
Multi-Response Surface Optimization
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Abstract Multi-Response Surface Optimization aims at finding the optimal setting of input variables considering
multiple responses simultaneously. The Weighted Mean Squared Error (WMSE) minimization approach, which
imposes a different weight on the two components of mean squared error, squared bias and variance, first obtains
WMSE for each response and then minimizes all the WMSEs at once. Most of the methods proposed for the WMSE
minimization approach to date are classified into the prior preference articulation approach, which requires that a
decision maker (DM) provides his/her preference information a priori. However, it is quite difficult for the DM to
provide such information in advance, because he/she cannot experience the relationships or conflicts among the
responses. To overcome this limitation, this paper proposes a posterior preference articulation method to the WMSE
minimization approach. The proposed method first generates all (or most) of the nondominated solutions without the
DM’s preference information. Then, the DM selects the best one from the set of nondominated solutions a posteriori.
Its advantage is that it provides an opportunity for the DM to understand the tradeoffs in the entire set of
nondominated solutions and effectively obtains the most preferred solution suitable for his/her preference structure.
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Table 1. Dependent and Independent Variables of the Illustrative Example

Variable Type Code Descriptions Improvement Direction Target Value
Dependent Yy Non-linearity Nominal-The-Best 1
Variable Yo Hysteresis Smaller-The-Better -
Ty Lozenge angle - -
I t .
ns]zr:;izn T, Bore diameter - -
Ty Half-length of the vertical segment - -
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Table 2. Results of the Proposed Method for the Illustrative Example

Round 1  Round 2 = (z?m;,m;) (14, ) (1iy, ) WMSE,  WMSE, U
(0.8046, -0.1366, -1.6820) (1.7471, 0.0641) (2.4912, 0.1676) 0.0009 0.4605 0.0000
Al 1 - : : : : : :
(0.3637, -0.9252, -1.6820) (1.7471, 0.0641) (1.5748, 0.1576) 0.0742 0.1967 0.0002
(0.3668, -0.9649, -1.6820) (1.7471, 0.0641) (1.5528, 0.1576) 0.0780 0.1919 0.0002
Al 2 - : : : : : :
(0.4084, -1.5619, -1.6820) (1.7471, 0.0641) (1.2066, 0.1583) 0.1513 0.1252 0.0015
(0.4099, -1.5878, -1.6820) (1.7471, 0.0641) (1.1911, 0.1583) 0.1552 0.1226 0.0017
AL 31 (0.4115, -1.6133, -1.6820) (1.7471, 0.0641) (1.1757, 0.1583) 0.1590 0.1201 0.0021
(0.4129, -1.6384, -1.6820) (1.7471, 0.0641) (1.1605, 0.1584) 0.1629 0.1176 0.0027
(0.4144, -1.6632, -1.6820) (1.7471, 0.0641) (1.1455, 0.1584) 0.1667 0.1152 0.0036
(0.4035, -1.6820, -1.6820) (1.7471, 0.0641) (1.1311, 0.1582) 0.1706 0.1128 0.0053
Al 32 (0.3538, -1.6820, -1.6820) (1.7471, 0.0641) (1.1192, 0.1574) 0.1744 0.1107 0.0086
(0.3066, -1.6820, -1.6820) (1.7471, 0.0641) (1.1088, 0.1568) 0.1783 0.1089 0.0190
(0.2616, -1.6820, -1.6820) (17471, 0.0641) (10997, 0.1563) 01821 01074  0.5624
(0.2333, -1.6820, -1.6510) (1.7471, 0.0641) (1.0915, 0.1560) 0.1860 0.1060 0.0200
AL3 AL 33 (0.2292, -1.6820, -1.5704) (1.7471, 0.0641) (1.0831, 0.1560) 0.1898 0.1047 0.0102
(0.2252, -1.6820, -1.4903) (1.7471, 0.0641) (1.0747, 0.1559) 0.1937 0.1035 0.0069
(02212, -1.6820, -1.4110) (17471, 0.0641) (10664, 0.1559) 01976 01022  0.0052
(0.2172, -1.6820, -1.3322) (1.7471, 0.0641) (1.0582, 0.1559) 0.2014 0.1010 0.0042
Al 3.4 (0.2133, -1.6820, -1.2539) (1.7471, 0.0641) (1.0501, 0.1558) 0.2053 0.0998 0.0036
(0.2094, -1.6820, -1.1763) (1.7471, 0.0641) (1.0420, 0.1558) 0.2091 0.0986 0.0031
(0.2055, -1.6820, -1.0992) (1.7471, 0.0641) (1.0340, 0.1558) 0.2130 0.0974 0.0028
(0.2016, -1.6820, -1.0226) (1.7471, 0.0641) (1.0261, 0.1557) 0.2168 0.0963 0.0025
AL 35 (0.1978, -1.6820, -0.9465) (1.7471, 0.0641) (1.0182, 0.1557) 0.2207 0.0951 0.0023
(0.1939, -1.6820, -0.8709) (1.7471, 0.0641) (1.0104, 0.1557) 0.2245 0.0940 0.0021
(0.1901, -1.6820, -0.7958) (1.7471, 0.0641) (1.0026, 0.1557) 0.2284 0.0929 0.0019
(0.1864, -1.6820, -0.7212) (1.7471, 0.0641) (0.9949, 0.1556) 0.2323 0.0918 0.0018
Al 4 - : : : : : :
(0.1179, -1.6820, 0.6219) (1.7471, 0.0641) (0.8570, 0.1552) 0.3055 0.0738 0.0009
(0.1146, -1.6820, 0.6895) (1.7471, 0.0641) (0.8502, 0.1552) 0.3094 0.0730 0.0009
Al'S - : : : : : :
(-0.1207, -1.6820, 1.6820) (1.7471, 0.0641) (0.7363, 0.1552) 0.3826 0.0604 0.0007
* Al = Alternative Interval
() = 1.64+0.592z, +0.438x, ®) A EET A =069, N, = 0078 IHE ARG 3

—0.095z, +0.301z, 7, —0.143z, x4
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Fig. 1. Results of the Proposed Method for in the Illustrative Example
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