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The Fitting of Response Surface Function with Maximum Difference
Minimization Method
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Beijing University of Technology, Beijing 100124, China

Abstract In order to meet the requirements of minimizing the maximum distance between the response function and the sample values in

practical engineering problems, a new method of fitting the response surface function is proposed in this paper. The problem of fitting the

response surface function with sample points is transformed into one of solving a linear programming problem in this method. A

mathematical model about sample points is established. Linear and quadratic response surface function expressions are fitted by numerical

methods. Comparing the fitted results of minimizing the maximum difference by the Kreisselmerier-Steinhauser (K-S) function method and

those by the least squares method, the method used in this paper give results better agreed with those of the K-S function method, with the

maximum differences smaller than that of the least squares method. Four numerical examples show that this method is reasonable and

effective. In addition, this method provides a new constructing method for the response surface function.
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Table 1 Sample points and basic data of sample values in example 1
1 2 3 4 5 6 7 8 9 10
0.2 1.2 2.3 3.1 4.3 5.1 5.9 7.1 8.3 9.0
4.2 6.7 10.5 11.0 12.0 12.5 15.2 16.5 25.0 27.0
K-S # 2 1 3
y=1.9566+2.4593x, (13) Table 2 Comparison of results of minimizing the maximum
difference by three methods in example 1
y=3.2157+2.3321x;, (14) K-S
1
, 2 . 1 0.2 4.2 3.6821 2.4485 24179
. 4,5,6 , 2 1.2 6.7 6.0142 4.9078 4.8806
3 2.3 10.5 8.5795 7.6130 7.5896
' ; ' 4 3.1 11.0 104452 95804  9.5597
’ 5 4.3 12.0 13.2437 12.5316  12.5149
6 5.1 12.5 15.1094 14.4990  14.4851
> K-S 7 5.9 15.2 16.9751 16.4665 16.4552
, , 8 7.1 16.5 19.7736 19.4176  19.4105
o 9 8.3 25.0 22.5721 22.3688  22.3657
10 9.0 27.0 242046 24.0903  24.0896
o[ R ' ' S 32736 29176  2.9105
ol UM FEIG ] 0.1248 0.0024 0
@ 5| KSEBENSG il ]
g 10} FEARRL / . 3 2
st :
ol :/’/x Table 3 Sample points and basic data of sample
5 ' ' ' ' ' values in example 2
2 0 2 4 6 8 10
E3 1 2 3 4 5
1 1 3 X L1 1.0 2.1 3.0 3.1
Fig. 1 Comparison of fitted results of the three response X2 1.0 2.1 2.0 L1 2.0
surface methods in example 1 S 5.1 8.1 10.1 9.1 12.1
AR
w5 A
2 )2 )5 o == K-SE Bk A
3 60 w FEACK
o 40
Fo 20
= 0
y=—0.150000+2.000000x,+3.000000x, (15) = ‘ig
K-S ] t‘)t)m 5
y=-0.15013+2.000000x,+3.0001x, (16) 0 0
Figs 10-10 AR
y=—0.15525+2.0019x,+3.004x, (17) ) 2 3
2 2 Fig. 2 Comparison of fitted results by three response
) K-S surface methods in example 2
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Table 4 Comparison of results of minimizing the maximum

o 4
,K-S

4 2 3

difference by three methods in example 2

K-S
1 1.1 1.0 5.1 5.0508 5.05 5.05
2 1.0 2.1 8.1 8.1551 8.15 8.1501
3 2.1 20 10.1 10.0567  10.05 10.0501
4 3.0 1.1 9.1 9.1548 9.15 9.15
5 3.1 20 12.1 12.0586  12.05 12.0501
0.0551 0.0501 0.05
0.102 0.002 0
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Table 5 Sample points and basic data of sample . _g‘ 5 E’g;@:ﬁﬁ‘%ﬂ%ﬂ/'f k“‘*x
values in example 3 é:‘] }g : *‘Hy’l 1
=20 e 4
1 2 3 4 5 6 7 8 9 25
305 4 3 2 -1 0 1 2 3 4 5
-40 -3.0 -20 -1.0 0.0 1.0 2.0 3.0 4.0 A B |
f -17.0 -150 -6.0 -1.3 1.0 5.0 6.0 3.0 -3.0 3 3 3
y=2.211+2.338%,-0.7867x? (30) Fig. 3 Comparison of fitted results of the three
3 3 i response surface methods in example 3
, K-S 7 0
. 6 4 )
, ,K-S
, y=1.44836+1.99922x,~2.78239x,+1.0136 117+
o 0.33072437-0.66230x, x, (31)
4 2 .9 . K-S J
6 3 3
Table 6 Comparison of results of minimizing the maximum difference by three methods in example 3
K-S
1 -4 -17.0 -19.7282 -19.6828 -19.6825
2 -3 -15.0 -11.8833 -12.3042 -12.3174
3 -2 -6.0 -5.6118 -6.3432 -6.3651
4 -1 -13 -0.9137 -1.7998 -1.8254
5 0 1.0 22110 1.3260 1.3016
6 1 5.0 3.7623 3.0342 3.0159
7 2 6.0 3.7402 3.3248 3.3175
8 3 3.0 2.1447 2.1978 2.2063
9 4 -3.0 -1.0242 -0.3468 -0.3175
3.1167 2.6958 2.6826
0.1618 0.0049 0
7 4
Table 7 Sample points and basic data of sample values in example 4
1 2 3 4 5 6 7 8 9
X 0.1 1.1 2.0 3.1 4.1 4.9 -1.05 -2.1 -3.2
X 0.1 -1.0 -2.1 -3.1 -4.1 1.0 2.0 3.1 4.4
f 1.0 8.3 20.0 35.8 552 30.3 -2.8 1.0 8.5
y=1.44811+1.99967x,—2.78204x,+1.01364x7+ o
0.33059x5-0.66246x, x, (32)
3
y=1.06732+2.31050x,—2.77456x,+0.93190x7+ ,
0.58280x:-0.46371x, x> (33) ,
5 , .
, K-S , ,
0 8 ) K-S )
K-S )
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Fig. 4 Fitted results by the method used in this
paper in example 4

8 4 3
Table 8 Comparison of results of minimizing the maximum
difference by three methods in example 4

K-S
1 0.1 0.1 1.0 1.0314 1.3769 1.3767
2 .1 -10 8.3 8.6039 8.7156 8.7156
3 20 =21 200 19.7602  19.5844 19.5845
4 3.1 =31 35.8 35.8435  35.5551 35.5557
5 41 41 552 55.1731 54.7844  54.7856
6 49 1.0 303 30.2998  29.8844  29.8865
7 -105 20 -28 -2.5754  -2.3844  -2.3846
8§ 2.1 3.1 1.0 0.3433 0.5844 0.5842
9 32 44 8.5 8.8204 8.9156 8.9155
0.6567  0.4158  0.4156

0.5801 0.00048123 0
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