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A Posterior Preference Articulation Method to Dual-Response Surface
Optimization: Selection of the Most Preferred Solution Using TOPSIS
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ABSTRACT

Response surface methodology (RSM) is one of popular tools to support a systematic improvement of
quality of design in the product and process development stages. It consists of statistical modeling and
optimization tools. RSM can be viewed as a knowledge management tool in that it systemizes knowledge
about a manufacturing process through a big data analysis on products and processes. The conventional
RSM aims to optimize the mean of a response, whereas dual-response surface optimization (DRSO),
a special case of RSM, considers not only the mean of a response but also its variability or standard
deviation for optimization. Recently, a posterior preference articulation approach receives attention in
the DRSO literature. The posterior approach first seeks all (or most) of the nondominated solutions with
no articulation of a decision maker (DM)’s preference. The DM then selects the best one from the set of
nondominated solutions a posteriori. This method has a strength that the DM can understand the trade-
off between the mean and standard deviation well by looking around the nondominated solutions. A
posterior method has been proposed for DRSO. It employs an interval selection strategy for the selection
step. This strategy has a limitation increasing inefficiency and complexity due to too many iterations
when handling a great number (e.g., thousands ~ tens of thousands) of nondominated solutions. In
this paper, a TOPSIS-based method is proposed to support a simple and efficient selection of the most
preferred solution. The proposed method is illustrated through a typical DRSO problem and compared
with the existing posterior method.

Keywords: Response Surtace Methodology, Knowledge Management Tool, Dual-Response Surface
Optimization, Posterior Preference Articulation Approach, Most Preferred Solution, TOPSIS
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D D
i X S — @) @) ¢ Rank
Mi Si W[LME WGSi

1 x] 0.234 0.252 onz 0.126 0.084 0.080 0.513 32
2 x5 0.234 0.250 onz 0.125 0.083 0.080 0.5M 31
3 x5 0.230 0.244 0115 0122 0.081 0.078 0.508 30
4 X} 0.226 0.239 on3 0m9 0.078 0.076 0.505 29
5 x5 0.222 0.233 om onz 0.075 0.075 0.502 28
6 X5 0.218 0.228 0.109 0114 0.073 0.073 0.499 27
7 x5 0214 0.222 0.107 0.070 0.072 0.495 26
8 x5 0.210 0.217 0.105 0.108 0.068 0.070 0.491 25
9 X5 0.206 0.21 0.103 0.105 0.065 0.069 0.486 23
10 Xio 0.202 0.205 0.101 0.103 0.063 0.068 0.481 22
n Xy 0.198 0.200 0.099 0.100 0.061 0.067 0.476 21
12 Xz 0.194 0.194 0.097 0.097 0.059 0.066 0.470 19
13 xi3 0.190 0.189 0.095 0.094 0.057 0.066 0.464 18
14 X1a 0.186 0183 0.093 0.092 0.055 0.066 0.458 16
15 X5 0.182 0178 0.091 0.089 0.054 0.065 0.452 14
16 Xis 0178 0172 0.089 0.086 0.053 0.065 0.446 13
17 Xi7 0.174 0.167 0.087 0.083 0.051 0.066 0.439 n
18 Xig 0.170 0.161 0.085 0.081 0.050 0.066 0434 9
19 Xio 0.166 0.155 0.083 0.078 0.050 0.066 0.428 7
20 X5 0.162 0.150 0.081 0.075 0.049 0.067 0423 6
21 Xn 0.158 0144 0.079 0.072 0.049 0.068 0.419 4
22 X3z 0154 0139 0.077 0.069 0.049 0.069 0.415 2
23 X33 0.149 0133 0.074 0.067 0.050 0.070 0.414 1
24 X34 0143 0128 0.072 0.064 0.051 0.071 0.416 3
25 X35 0.137 0122 0.068 0.061 0.053 0.072 0422 5
26 X3¢ 0130 onz 0.065 0.058 0.055 0.073 0.428 8
27 X5z 0123 om 0.061 0.056 0.058 0.075 0.436 10
28 X35 0n5 0.105 0.058 0.053 0.061 0.076 0444 12
29 X3 0.107 0.100 0.054 0.050 0.064 0.078 0.452 15
30 X539 0.098 0.094 0.049 0.047 0.068 0.080 0.461 17
31 Xy 0.088 0.089 0.044 0.044 0.073 0.082 0.471 20
32 X3, 0.074 0.083 0.037 0.042 0.080 0.084 0.487 24

=0.5, W5=0.5, (iv) Wp=0.25 W;=075, (v) Wy
=0.1, W5=009. o]/d9] 57}4] 7}+54] }_gkg e A
3 30 EjEo] nk AIE AEE, Wy 9
258 (EE W, 9 Fo] Fe4E) W0 2
T=500)°1 717k HIAEIAslS] 97k =4 |

SR Wy o] Zo] ALHE (T WO §
o] 242) TEAA} 2 HAEH 297t &
Al Uitk 71, W =09, Ws=019] 7%, 294 H]
A x5=(1.000, 0.112, -0.259)7} H AT = A

5ot o] RHE] E&2Y Pyt FF2AEA e
({5, 65)=(499.190, 45.000)|c}. HIHR, W, =01,
W;=0.99 7% 31HA v]AH]2 s x31=(0.265,
-1.000, -0.330)7} A Es|z AeE|gl=) o] &)
Z2HE T29 g4 T2ER e (5. 65)
=(188.630, 16.000)0|T}. o|2{3} 7}=x]= F16l= &
s} B3xo] upgh At 71g wreRied] =
(Accuracy)’} B Q3T Wy of =2 7k kS

W 0] AU (Preciseness)’} T 2238 W, o
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=2 e Folshd "ot Ao W] Hetol 4.4 Lee et al. (2010)2t2] H|
B3A0] Qrh} FHe7HE el AEOIL, AR B HolAl Aok W Lee et al. (2010)0] ¢!
T howae) AE(EEUAL AU ALAE G 434 BAS E A%S uaskaa sk Lee et al
Efuii= el (20102 & £A Tiste] &-Constraint WS B&
3o 180470 HIAEIAENE ST 1 ohe 7
<E 3> 2F[0IR]: Ciofet 7 SRIS Hgst Ha
, N v e Rank for different ( Wi, W ) combinations
l X7 = (Xiy Xiz %i3) P e
Hi a; 09 01 (075025 (0505 (025075 (01,09
1T %=(0998,0393,-0429) 500000 45388 2 5 32 32 32
2 x=(1.000, 0112, -0.259) 499190 45000 1 4 31 3 31
3 x=(1000,0.042 -0246)  490.810 43999 3 2 30 30 30
4 x=(1000,-0.025-0.234) 482380 42995 4 1 29 29 29
5 x5=( .000, -0.091, -0.221) 473990 42000 5 3 28 28 28
6 x=(1000,-0156-0209) 465540 41.001 6 6 27 27 27
7 x=(1000, -0.219, -0.197) 457040 39998 7 7 26 26 26
8 x=(.000,-0.28], —0185) 448550  39.000 8 8 25 25 25
9 x%=(1000,-0341,-0173) 440020 38000 9 9 23 24 24
10 x5,=(1.000, —0.401, -0161) 431470 37000 10 10 22 23 23
1 x:=(1.000, -0.458, —0.149) 422910 36.000 1 11 21 22 22
12 x,=(1000,-0.515,-0138) 414320 35.001 12 12 19 21 21
13 x.=(1.000,-0571,-0126) 405730  34.002 13 13 18 20 20
14 x,=(1000,-0625-0115 397120 33.002 14 14 16 19 19
15 x5=(1.000, -0.679,-0.104)  388.460 31999 15 15 14 18 18
16 xi=(1.000-0731,-0.093)  379.820 31.000 16 16 13 17 17
17 =,=(1.000,-0783,-0.082) 371160 30.000 17 17 1 16 16
18 xis=(1.000,-0.834,-0.071) 362490  29.000 18 18 9 15 15
19 x,=(1000,-0.883,-0.067) 353.810 28.000 19 19 7 14 14
20 x3,=(1.000,-0932,-0.050) 345110 27000 20 20 6 13 13
21 1=(1.000,-0.981,-0.040) 336420  26.000 21 21 4 12 12
22 xzz:( .000, -1.000, -0.068) 327510 24.999 22 22 2 1 1
23 x3=(1.000,-1.000,-0.127) 317510 23999 23 23 1 10 10
24 x3=(1000,-1.000,-0.195) 305820 22999 24 24 3 9 9
25 x3=(0.959,-1.000,-0.238)  291.870 22.000 25 25 5 8 8
26 x3=(0.873,-1.000,-0.248) 277120 21.000 26 26 8 7 7
27 x3=(0780,-1.000,-0.260) 261800  20.000 27 27 10 6 6
28  x3=(0.679,-1.000,-0.273) 245750 19.000 28 28 12 4 5
29 x4=(0.564, -1.000,-0.288) 228690 18.001 29 29 15 2 4
30 3%=(0431,-1.000,-0.306)  210.050 17000 30 30 17 1 3
31 x3,=(0.265,-1.000,-0.330) 188630 16.000 31 31 20 3 1
32 x3,=(0.000,-1000,-0.375) 158750 15.000 32 32 24 5 2
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