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Abstract

Gradient-based optimization methods are inefficient in applications which require expensive function
evaluations, and useless in applications where objective and/or constraint functions are 'noisy' due to
modeling and cumulative numerical inaccuracy since gradient evaluation results cannot be reliable.
Moreover, it is difficult to be integrated with commercial analysis software, and they cannot be
employed when only experimental analysis results are available. In this research an optimization
program based on a response surface method has been developed to overcome the aforementioned
difficulties. Various methods for design of experiments and new proposed approximation models are
implemented in the program. The effectiveness of the optimization program is tested on several test
problems and results are discussed.
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Table 1 Response model using D-optimal design
(a) Fedorov exchange algorithm.

D-optimal Random Data
Model (20 Points) (20 Points)
Rzadj Rzpmd Epg | Ems E e
1 0.993 0.988 | 6.018 8.731 21.697
2 0.995 0.990 | 3.159 | 4.034 9.416
3 1.000 1.000 | 4.633 6.336 14.55
4 0.999 [ 0.999 | 0.926 1.430 3.682
5 1.000 1.000 0.462 0.878 3.269
(b) Genetic algorithm.
D-optimal Random Data
Model (20 Points) (20 Points) |
Rzadi Rzpred Eavg E s Ep
1 0.980 0974 | 6297 | 7.639 | 16.203
2 0.999 0998 | 2412 | 2752 | 4.203
3 0.993 0989 | 4890 | 5909 | 9.408
4 0.999 0.999 | 0.851 0.960 1.920
5 1.000 .| 1.000 | 0.340 | 0.371 0.515

Table 2 Optimization results for Schittkowski

No. 309
Fedorov exchange Genetic
Model algorithm algorithm
x / x !
1 (2.07, 3.61) 0.68 | (2.22, 5.00) 1.63
2 (3.17, 3.68) | -3.22 (3.24, 4.17) -3.47
3 (3.10, 3.90) | -2.97 (2.85, 4.32) -1.64
4 (3.45, 3.87) | -3.98 (345, 3.79) -3.96
5 (3.49, 3.89) -3.99 (3.51, 3.92) -3.98
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Minimize Ax xy)
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subject to

—50<x;<100 , i=1,2
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Table 3 Optimization results for RSM
(a) Comparisons between DOEs (n=10).

Model 1 Model 2
DOE
x r x r
CCD (-50, -50) (13931 (-50, -50) |13.93
D-optimal
. 0, 0) 0 (-0.94, 7.21) | 4.74
(F.EA)
D-optimal
@3, 0 2.20 | (-8.72, -0.59) | 5.83
(G.A)

(b) Comparisons between D-optimal designs (n=20).

Llaor:d

Fedorov exchange . .
- Genetic algorithm
Model algorithm
x r x’ !
1 0, 0) 0 (-0.01, 0) 0.09
2 (2.80, -0.08) 329 (-8.84, -0.78) |5.88

1415

F 24 S ERE =AY agolrh 2N
HEo| 2d 19 A Al Schaffer g9 vl
o AFgE HAFa oy, 2d 29 F¢ A
Schaffer 3¢t vlws] & o off8 FY& B
dF3 U

(a) Model 1

(b) Model 2
Fig. 3 Response surface approximations
for Schaffer function

Table 4 Comparison of the optimization results
between direct ADS and RSM

Tnitial Direct ADS RSM

values < 7 < 7
(50, 50) | (47.99, 47.99) | 8.24 ©, 0) 0
(10. 10) | (9.93, 9.93) | 3.75 0, 0) 0
(-10, -10) | (-9.93, -9.93) | 3.75 ©, 0) 0
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