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Abstract
Experience suggests that uncertainties often play an important role in quantifying the performance of complex systems. Therefore, uncertainty needs to be treated as a core element in modeling, simulation and optimization of complex systems. In this talk, a new formulation for analyzing uncertainty sensitivity, quantifying uncertainty and visualizing uncertainty will be discussed. An integrated simulation framework will be presented that quantifies both numerical and modeling errors in an effort to establish “error bars” in numerical simulations. In particular, stochastic formulations based on Galerkin and collocation versions of the generalized Polynomial Chaos (gPC) will be discussed. Additionally, we will present some effective new ways of dealing with this “curse of dimensionality”. Particularly, adaptive ANOVA decomposition, and some stochastic sensitivity analysis, compressive sensing techniques and adaptive ANOVA-based data-driven stochastic methods will be discussed in some detail. Several specific examples on sensitivity analysis and predictive modeling of thrombin production in blood coagulation chemical reaction network, random roughness problem, and uncertainty quantification across multiple scales will be presented to illustrate the main idea of our approaches.
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