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Summary: I present in this paper an overview of stochastic simulation methods for solving boundary value
problems for high dimensional PDEs with random fields as input data. Three classes of boundary value
problems are considered: (1) PDEs with random coefficients, in particular, the Darcy equation with random
hydraulic conductivity, (2) PDEs with random source terms, in particular, the elasticity problems governed
by the Lamé equation with random loads, and (3) PDEs with random boundary conditions, in particular,
the Laplace and Lamé equations with random velocities prescribed on the boundary. Here of particular
interest are applications related to the analysis of dislocations behavior in crystals. In the modern problems
of mathematical physics stochastic models governed by PDEs with random parameters attract more and
more attention. One of the reasons is the growing complexity of the modern measurement techniques
which enables to cover multiscale character of the studied processes. As an example, we mention the X-ray
diffraction technique for the analysis of the crystal surfaces, and the flows in porous media. A direct Monte
Carlo approach to solve the random boundary value problem ensemble-wise is well known, but it takes a
huge amount of computer time even in quite simple cases. We give a different approach based on a combined
space-ensemble ergodic averaging. To this end, we develop ergodic models of random fields, in particular,
the Fourier-wavelet models. We present some applications, in particular, the long-term correlations of the
transport in porous media, and the X-ray diffraction measurements of the dislocations in crystals. We
discuss also some inverse problems of elastography in a stochastic formulation, governed by the elasticity
Lamé equation with random loads and random displacements prescribed on the boundary. Comparisons
are made against some exactly solvable results. Finally we suggest a stochastic fractal model for the mass
density distribution in the universe.
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