Hierarchical FEM:
Strengthened CBS Inequalities and Iterative Solvers

Radim Blaheta
Institute of Geonics AS CR, Studentska 1768,
708 00 Ostrava-Poruba, Czech Republic
blaheta@ugn.cas.cz

The finite element analysis is often done on a finite element mesh, which is
constructed as multiple refinement of a given coarse initial mesh. In this case,
the (geometric) hierarchy of meshes and finite element spaces can be used for
development of multilevel iterative methods or preconditioners for the solution of
corresponding algebraic finite element systems. These solvers can be constructed
on the basis of hierarchical decomposition of finite element spaces into coarser
finite element space and its complement. The angle of these subspaces or in other
words the strengthened CBS inequality constant is an important characteristic
playing role in convergence analysis of iterative methods as well as in efficiency
analysis of some type of a posteriori error estimators.

The aim of the contribution is the following. First, it provides an overview of
the estimates of the strengthened CBS inequality constant for hierarchical finite
element spaces including some recent results. A special attention will be given
to the robustness of these estimates to anisotropy, element shapes and jumps
of the coefficients. Second, it shows the role of these estimates in convergence
analysis of multilevel preconditioners and iterative solution methods for solving
problems on both globally and locally refined grids. Finally, we indicate some
possible more algebraic extensions of the hierarchical decomposition technique.
Such extension can be also applied in the case of nonconforming finite elements.
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