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Abstract

In this paper, a penalized maximum likelihood estimation (PMLE) method that applies a penalty to increase the accuracy of a
basis-screening-based Kriging model (BSKM) is introduced. The maximum order and set of basis functions used in the BSKM are determined
according to their importance. In this regard, the cross-validation error (CVE) for the basis functions is employed as an indicator of
importance. When constructing the Kriging model (KM), the maximum order of basis functions is determined, the importance of each basis
function is evaluated according to the corresponding maximum order, and finally the optimal set of basis functions is determined. This optimal
set is created by adding basis functions one by one in order of importance until the CVE of the KM is minimized. In this process, the KM must
be generated repeatedly. Simultaneously, hyper-parameters representing correlations between datasets must be calculated through the
maximum likelihood evaluation method. Given that the optimal set of basis functions depends on such hyper-parameters, it has a significant
impact on the accuracy of the KM. The PMLE method is applied to accurately calculate hyper-parameters. It was confirmed that the accuracy
of a BSKM can be improved by applying it to Branin-Hoo problem.
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Fig. 1 Branin-Hoo function

Table 1 Sample points for BSKM

Sample points (6,,6,)

(6.9, 7.4), (-2.7,14.7), (0.9, 3.4) (-4.8, 12.6), (5.2, 6.0), (0.6, 9.6),
(7.9,3.2), (2.9, 4.6), (3.7, 12.3), (-1.1, 8.6), (2.1, 1.5), (9.8, 13.9),
(-3.7,8.0), (4.2, 10.6), (-1.7, 5.2), (6.1, 2.0), (-0.6, 0.1), (8.5, 11.3)
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Table 2 BSKM for Branin-Hoo function according to initial
Hyperparameter ¢

Initial (0.01,001) | (1.0,1.0) | (10.0,10.0)
. (7.0929¢-2,
Optimal | "' (120,1.15) | (10.34, 10.0)
MLE | rmSE 1.8887 3.9895 3.9918
Basis {I,I],IQ, ‘rI"ia LyLy, 3"3» ‘rI":lga :I:%'/L'Za ‘7"3}
. (2.6398¢-2, | (2.6410e2, | (2.6410e-2,
Optimal 6
PMLE | 2.5494e-3) | 2.5430e-3) | 2.54230e-3)
(A=10.0)) RMSE | 0.5859 0.5853 0.5853
Basis {1, x,, 2y, 2%, x,2y, 23, 23, 232, }

Table 3 BSKM for Branin-Hoo function according to
X (initial hyper-parameter 6 = (1.0, 1.0))

0 RMSE
A=0.0 (MLE) (1.20, 1.15) 3.9895
A=1.0 (5.8792e-2, 1.0e-3) 0.6808
A=10.0 (2.6410e-2, 2.5430e-3) 0.5853
A=50.0 (9.7573e-3, 1.0e-3) 0.3303
A=100.0 (8.1789%-3, 1.0e-3) 0.4974
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Table 4 Comparison of accuracy and computational cost

Optimal 0 c ational
Methods Penalty A or'npu atona
time (sec)
RMSE
Fully iterati thod (3.3734e-3, 1.1758¢-3)
ully iteration metho
Li and Sudjianto(2005) 8.5294 234.408
0.6381
Grid based method (3.3891e-2, 1.1563¢-3)
(# of grid = 20) 10.0 232.321
Song et al.(2013) 0.6396
Grid based method (3.4574e-2, 1.1172e-3)
(# of grid = 50) 10.0 596.800
Song et al.(2013) 0.6436
p ¢ method (2.6410e-2, 2.5430e-3)
resent metho
(fix A= 10.0) 10.0 8.480
0.5853
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o
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220 ghol| whet e w22 o] 7] A3k 23to] Hebx 7] o)
o] 2T MLE ARFe 22)7) meo] stz wojst o
B2 v Hrk. B stoln v usE A4ksl] Sl
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