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Simulation-Based Reliability Evaluation Under Large Uncertainties

Thanks to advanced computing and modeling technologies, computer simulations
are becoming more widely used for the reliability evaluation of complex systems under
large uncertainties. Yet, as computer models represent physical systems more accurately,
increasing computational costs become new challenges in analyzing system reliability.
Furthermore, due to large uncertainties represented by millions of random variables in
simulations, existing variance reduction techniques often fail to provide computationally
efficient methods for estimating the reliability of stochastic systems. These challenges call
for new analysis and modeling approaches to provide efficient solutions. This talk presents
(a) a variance reduction technique for stochastic computer models, called stochastic
importance sampling, which saves computational time significantly without compromising
the accuracy of reliability estimation, (b) an uncertainty quantification approach using an
asymptotically valid confidence interval, and (c) a simulation automation method where a
new information criterion is devised to adaptively guide simulation process using online
stream of simulation data. Implementation results, using a computationally intensive wind
turbine simulator developed by the U.S. National Renewable Energy Laboratory,
demonstrate the benefits of the proposed approaches. This presentation will also discuss
the ongoing and future research.
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