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Abstract

Computer models are widely used to represent complex systems but
face high computational costs. To address this, Gaussian Process
Regression Models (GPRMs) are constructed as fast statistical surrogates
that provide a probability distribution useful for prediction and uncertainty
analysis. Building an accurate GPRM requires careful selection of its mean
and covariance functions. Thus, this study conducts a comparative analysis
of eight GPRMs (CSEM, LSEM, CMM, LMM, CEM, LEM, CPEM, and
LPEM) by combining constant and linear mean functions with Squared
Exponential, Matérn, Exponential, and Power Exponential covariance
functions. To build these models, the Bayesian approach was adopted to
estimate the mean and variance parameters, while Maximum Likelihood
Estimation (MLE) was used for the correlation parameters. To evaluate the
impact of data size on uncertainty reduction, datasets were generated using
the Maximin Sliced Latin Hypercube Design (MSLHD) with varying sizes
(54 and 90 training points vs. 18 test points for the first application, and 42
and 70 training vs. 14 test points for the second). This design was selected
for its superior ability to distribute points uniformly, ensuring
comprehensive coverage of the input space and reducing information
redundancy. The models were validated using the Chi-square Measure,
Mahalanobis Distance, Pivoted Cholesky Errors, and Conditional Standard
Deviations. The methodology was applied to two engineering applications:
the Steel Column Function and the Piston Simulation Function. The results
demonstrated that the model based on the linear mean function and the
squared exponential covariance function (LSEM) is the optimal choice. It
outperformed all other models, achieving the highest predictive accuracy
when adequate training data is provided. This superiority is attributed to
the efficiency of the linear mean function in capturing the general trend of
the data, and the flexibility of the squared exponential function in
representing smooth variations highly accurately. All statistical modeling
was performed using R software.
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