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Min-Max Distance Response Surface and Kreisselmerier—Steinhauser
Function
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Abstract The current Response Surface Methodology (RSM) is based on the least squares method. This paper proposes a new response
surface fitting method, which let the maximum distance among the response hypersurface function and sample values be minimized. In
this method, a mathematical model is built based on the characteristics of Kreisselmerier—Steinhauser function. The coefficients of the
response hyper—surface function can be determined by taking derivatives, carrying out Taylor expansions and numerical iterations. The
result of the least squares method is used as the initial value in the process of numerical iteration. According to a series of calculated
cases, three conclusions are reached. First, the response hyper—surface function obtained from the Kreisselmerier—Steinhauser function
method satisfies the condition of minimizing the maximum distance. Second, compared with the counterpart obtained from the least
squares method, the response hyper—surface function obtained from this method could noticeably reduce the maximum distance in case
that the RMS of sample values increases in a small scale. Third, the adoption of a method of changing stretching factor could lead to a
better solution. The method proposed in this paper not only provides a response surface method but also can ensure the maximum distance
among the response hyper—surface function and sample values minimized in practical engineering problems.
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10 9 27 Fig. 3 Flowchart of variable entropy parameters program
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Table 2 A comparison between this method and the least-squares method of Example 1
10
maxg® zg"ﬂ 10 o @
k=1
0.32736x10" 0.12454 0.20166x10! 0.00000 0.32157x10" 0.23321x10!
p= 0.29366x10! 0.87506x10 0.21391x10! 0.60748x10™" 0.20324x10" 0.24513x10"
p=4 0.29231x10! 0.41335x107 0.21497x10"! 0.65988x10™ 0.19799x10! 0.24568x10!
p=6 0.29189x10' 0.26886x10™ 0.21533x10" 0.67805%x10™" 0.19618x10! 0.24587x10'
p=7 0.29177x10" 0.22672x1072 0.21544x10"! 0.68333x10™ 0.19566x10" 0.24593x10"
p=10 0.29155x10" 0.15309x1072 0.21563x10" 0.69284x10™ 0.19473x10" 0.24603x10"
p=20 0.29130x10! 0.65774x107 0.21586x10" 0.70407x10™ 0.19364%10" 0.24615x10!
p=30 0.29122x10" 0.36572x107 0.21593x10" 0.70784x10"" 0.19327x10" 0.24619x10"
p=40 0.29117x10" 0.21952x107 0.21597x10" 0.70973x10"" 0.19309x10' 0.24621x10"
p=50 0.29115x10! 0.13175x107 0.21600x10" 0.71087x10™ 0.19298%10! 0.24622x10"
p=60 0.29113x10" 0.73206x10* 0.21601x10" 0.71163x10" 0.19290x10' 0.24623x10"
p=70 0.29112x10" 0.31378x10™ 0.21602x10" 0.71217x10™ 0.19285x10! 0.24623x10"
p=30 0.29111x10! 0.00000 0.21603x10" 0.71257x10™ 0.19281x10" 0.24624x10"
4 , 2 ,5 o
p ’ o 3 o
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Table 4 Comparison between this method and the least-squares method of Example 2

[s .
maxg‘“ g(k)r / 5 llo lll (Zz
k=1
0.59974x10™ 0.19931 0.34511x10" 0.00000 -0.15525 0.20019x10" 0.30040x10"
p=2000 0.50931x10™ 0.18463x10™" 0.49780x10™" 0.19966x10™ -0.15099 0.20003x10" 0.30007x10"
p=4000 0.50487x10™ 0.95971x102  0.49882x10" 0.22063x10™ -0.15051 0.20002x10" 0.30004x10"
p=6000 0.50330x10" 0.64526x107 0.49920x10™ 0.22829x10™" —-0.15035 0.20001x10' 0.30003x10!
p=3000 0.50250%x10™ 0.48425x107%  0.49939x10™ 0.23227x10™ -0.15026 0.20001x10" 0.30002x10"
p=10000 0.50201x10™ 0.38639x102  0.49951x10™ 0.23470x10™ -0.15021 0.20001x10" 0.30002x10"
p=12000 0.50168x10™" 0.32062x107 0.49959x10™"! 0.23634x10" -0.15017 0.20001x10! 0.30001x10"
p=14000 0.50144%10™ 0.27339x107%  0.49965x10™" 0.23752x10™ -0.15015 0.20001x10"! 0.30001x10"
p=15801 0.50128x10™ 0.24197x10?%  0.49969x10" 0.23818x10™ -0.15013 0.20000x 10" 0.30001x10"
p=16000 0.50126x10™ 0.23781x10?%  0.49969x10"! 0.23841x10™ -0.15013 0.20000x 10" 0.30001x10"
p=40000 0.50051x10" 0.87049x107 0.49987x10™ 0.24220x10" -0.15005 0.20000x10' 0.30000x10"
p=100000 0.50020x10™ 0.26118x107 0.49995x10™ 0.24374x10™ -0.15002 0.20000x 10" 0.30000x10"
p=200000 0.50010x10™ 0.57282x10*  0.49997x10™ 0.24425x10™ -0.15001 0.20000x 10" 0.30000x10"
p=278000 0.50007x10" 0.00000 0.49998x10™ 0.24440x10" -0.15001 0.20000x10! 0.30000x10!
5 3 9 1
Table 5 9 sample points and 1 factor of Example 3
1 2 3 4 5 6 7 8 9
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0
f -17 -15 -6 -1.3 1.0 5.0 6.0 3.0 -3.0
6 ’ ’ 7 o
16.13%, ,
5 o P>46 5 5
5.84% . p>4000 o 0.6568
4 2 9 . 0.4138,
6 3
Table 6 A comparison between this method and the least-squares method of Example 3
9 2
maxg® A | Zg(k)/g P a &
k=1
3.1160 0.161300 1.832x10! 0.00000 2211 2.338 -0.7867
p=5 2.6952 0.004489 1.1933 0.05551 1.326 2417 -0.7088
p=50 2.6338 0.0002272 1.939 0.05844 1.304 2.420 -0.7066
p=95 2.6832 0.000000 1.939 0.05860 1.303 2.420 -0.7065
7 4 9 2
Table 7 9 sample points and two factors of Example 4
1 2 4 6 7 8 9
X 0 1 2 4 -1 -2 -3
% 0 -1 -2 -3 -4 1 2 3 4
I 1 8.2 19.8 35.8 56.2 30 -2.6 0.7 8.4
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Table 8 A comparison between this method and the least-squares method of Example 4
9 2
maxg® \ | ; g(k) / 9 a a @ a at a@
0.6568 0.5797000 0.2863 0 1.067 2.311 =2.775 0.9319 0.5828 -0.463 7
p=20 0.4485 0.0788300 0.3236 0.1301 1.339 2.230 -2.607 0.9948 0.2985 -0.725 3
p=40 0.4323 0.0397300 0.3485 0.2170 1.403 2.088 -2.716 1.010 0.3193 0.682 9
p=46 0.4300 0.0341500 0.3541 0.2368 1.411 2.071 -2.729 0.1011 0.3209 -0.679 3
p=100 0.4220 0.0149400 0.3766 0.3152 1.437 2.021 -2.765 1.014 0.3255 -0.669 2
p=1000 0.4162 0.0011500 0.3940 0.3762 1.447 2.001 -2.781 1.014 0.3302 -0.6629
p=2000 0.4159 0.0003840 0.3950 0.3796 1.448 2.000 -2.782 1.014 0.3305 -0.6626
p=3000 0.4158 0.0001281 0.3953 0.3807 1.448 2.000 -2.782 1.014 0.3305 -0.6625
=4000 0.4158 0.0000000 0.3955 0.3813 1.448 2.000 -2.782 1.014 3.306 -6.625
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