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Optimal Iterative Weight Factors Method for Constructing
Ensemble of Surrogate Model

Li Zhihua Zeng Huiyi Nie Chao Liu Tingting
(College of Mechanical Engineering, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract; Surrogate models are often used to replace expensive simulation models in complicated
engineering problems. The common practice is to construct multiple metamodels based on a common
training data set, evaluate the accuracy, and then use only a single model perceived as the best while
discarding the rest. This practice has some shortcomings as it does not take full advantage of the resources
devoted to constructing different metamodels and increases the risk of adopting an inappropriate model.
However, ensemble technique is an effective way to make up for the shortfalls of traditional strategy. In
order to improve the efficiency, accuracy and robustness of the surrogate model, an optimal iterative
weight factors method for constructing ensemble of surrogate model was proposed. At first, the leave-one-
out cross validation strategy and PRESS criterion were presented to calculate initial weight factors. Then,
an iterative process for the weight factors was conducted and at the same time the weight factors were
updated until an ideal prediction accuracy of the ultimate ensemble of surrogate model was reached. To
evaluate the effectiveness of the proposed method, three meta-models and five ensembles of surrogate
model for three benchmark problems and an engineering problem were constructed to compare their
performances of efficiency, accuracy and robustness. Results show that the proposed method can not only
get a higher accuracy and robustness surrogate, but also shorten the time of constructing surrogate model
evidently.

Key words: metamodel; ensemble of surrogate model; weight factor; prediction accuracy
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j=1 j=2 j=3 j=1 j=2 j=3
1 3.0 10.0 30.0 1.0 0.368 90 0.1170 0.267 3
2 0.1 10.0 35.0 1.2 0. 469 90 0.4387 0.7470
3 3.0 10.0 30.0 3.0 0.109 10 0.8732 0.5547
4 0.1 10.0 35.0 3.2 0.038 15 0.5743 0.8828
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Tab.2 Parameters of function Hartman-6
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' j=1 j=2 j=3 j=4 j=5 j=6 ; j=1 j=2 j=3 j=4 j=5 j=6
1 10.0 3.0 17.0 3.5 1.7 8.0 1.0 0.1312 0.1696 0.5569 0.0124 0.8828 0.5886
2 0.05 10.0 17.0 0.1 8.0 14.0 1.2 0.2329 0.4135 0.8307 0.3736 0.1004 0.999 1
3 3.0 3.5 1.7 10.0 17.0 8.0 3.0 0.2348 0.1451 0.3522 0.2883 0.3047 0.6650
4 17.0 8.0 0.05 10.0 0.1 14.0 3.2 0.4047 0.8828 0.8732 0.5743 0.1091 0.0381
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Tab.5 Mean and s values of correlation coefficient of test problems by using surrogate model
8 " Branin-Hoo Hartman-3 Hartman-6 T 2h 25 [a]
A AR Y
¥{H ¥ ¥{H ¥ ¥{H ¥ ¥{H 4
RBF 0.8843 0.0623 0.7249 0.167 4 0.958 6 0.018 4 0.8263 0.0705
KRG 0.848 7 0.1057 0. 866 4 0.064 9 0.9456 0.0226 0.804 7 0.079 3
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EGR 0.9139 0.0512 0.9105 0.028 8 0.9921 0.003 5 0.8863 0.0439
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Tab.6 Comparison of time to build surrogate models S
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