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Abstract:
[image: 750389]Partial differential equations are the foundation of rational design and predictive simulation in many disciplines.  Using stochastic PDEs, we go beyond these deterministic models and enable the description of stochastic properties such as noise, fluctuations, and process variations as well as of materials with a random microscopic structure.
The main model equations here are stochastic elliptic equations, both linear (for random materials) and nonlinear (for transport properties); the stochastic drift-diffusion-Poisson system for modeling transport in random environments; and the Maxwell equations in a multiscale setting.
We present theoretic results for existence, uniqueness, and homogenization, while also developing numerical methods.  Stochastic PDEs pose new numerical challenges because of the large number of stochastic dimensions in important applications.  For instance, we could reduce the computational effort by orders of magnitude by devising optimal numerical algorithms extending the multi-level Monte-Carlo method.  The algorithms are optimal in the sense that the computational effort is minimal for given error bounds.
For the design of metamaterials, we present an efficient numerical approach based on an integral formulation of the Maxwell equations to the multiscale problem inherent in the design of realistically sized metamaterials for optical applications.
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