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Abstract

Fokker-Planck equation (FPE) has long remained the sour grapes on the tree of tools for design and analysis of
randomly excited systems. While FPE captures the exact description of uncertainty propagation through
dynamical systems driven by white noise, it has remained analytically and numerically unsolvable for most
systems of interest. The greatest obstacle in its successful numerical solution is the so called curse of
dimensionality, which causes the size of the discretized Fokker-Planck operator to grow exponentially with
dimensionality of the underlying system. This talk will present two variants of a meshless technique based on the
partition of unity finite element method (PUFEM), namely standard-PUFEM and particle-PUFEM that constitute
confident progress towards breaking of the curse of dimensionality. Equipped with local p-refinement, the
particle version of PUFEM significantly reduces problem size (for example, by 3 orders of magnitude over
traditional FEM for 4-state systems) for comparable accuracy of FPE approximation. Coupled with a
preprocessing step involving modal analysis and spurious mode rejection, a semianalytical method has been
developed that provides FPE transient response in real time, independent of initial state distribution. This leads
to two major developments: 1.) FPE can now be solved for highly nonlinear and relatively high dimensional
systems on small computers; and 2.) FPE can now be used directly in Bayes filtering for nonlinear systems,
especially in scenarios involving long durations of propagation between successive measurements. Conclusion:
It is not yet time to open a bottle of wine, but the grapes sure are ripening.
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