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Abstract
Domain decomposition method is currently one of the most active research areas in computational mathematics. In this talk, we focus on a class of Schwarz-type  domain decomposition methods, which has been proved to be theoretically scalable for many types of PDE problems, and in practices, it has been used successfully for solving many large-scale real world problems on parallel computers with thousands of processors. Here, an algorithm is referred to as ``scalable'' if the iteration counts and/or the computing time is nearly constant as the number of processors and the number of unknowns are increased proportionally. Scalability is a crucial issue in parallel computing. Briefly speaking, to apply Schwarz method, one first decomposes a computational domain into several overlapping subdomains. Then the one-level Schwarz preconditioner is constructed by summing the solutions of the sub-problems defined with the discretization of the original PDE on the subdomain with some appropriate boundary conditions. Due to the lack of communication among subdomains, the convergence rate of the one-level Schwarz method degenerates as the number of processors increases. Therefore, multilevel versions of the method are introduced to enhance the scalability of the algorithm by increasing the inter-subdomain communication. Schwarz methods for linear elliptic-like problems are well understood, however, very little research has been done for more difficult problems, such as highly nonlinear problems. In this talk, we first give a brief introduction to Schwarz type domain decompositions then discuss some recent development on nonlinear Schwarz preconditioning for incompressible Navier-Stokes equations with high Reynolds number in computational fluid dynamics. Some numerical results obtained on parallel computers will also be presented.
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