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ABSTRACT

In this talk we present a new multilevel Krylov method, or in other words, a new multilevel deflation
method.

Projections used in this method are constructed in a similarway as in deflation, but shifts small eigen-
values to the largest one instead of to zero. In contrast withdeflation, however, the convergence rate
of a Krylov method combined with this new projection method is insensitive to the inaccurate solve
of the Galerkin matrix, which with some particular choice ofdeflation subspaces is closely related to
the coarse-grid solve in multigrid or domain decompositionmethods. Such an insensitivity allows the
use of inner iterations to solve the Galerkin problem. An application of a Krylov subspace method to
the associated Galerkin system with the projection preconditioner leads to a multilevel, nested Krylov
iteration. In this multilevel projection Krylov subspace method, information of small eigenvalues to be
projected is contained implicitly in the Galerkin system associated with the matrix of the linear system
to be solved. These small eigenvalues, from a Krylov method point of view, are responsible for slow
convergence. In terms of projection methods, this is conceptually similar to multigrid, but different in
the sense that in multigrid the projection is done by the smoother. Furthermore, with the only condition
that the deflation matrices are full rank, we have in principle more freedom in choosing the deflation
subspace. Intergrid transfer operators used in multigrid are some of the possible candidates.

We present numerical results from solving the Poisson equation and the convection-diffusion equation,
both in 2D. The latter represents the case where the related matrix of coefficients is nonsymmetric. By
using a simple piece-wise constant interpolation as the basis for constructing the deflation subspace,
we obtain the following results: (i)h-independent convergence for the Poisson equation, and (ii) almost
independent ofh and the Ṕeclet number for the convection-diffusion equation.
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