
Using Harten’s Multiresolution Framework

on existing codes for Hyperbolic PDEs

R. DONAT

Dept. Matematica Aplicada, Universitat de Valencia

The development of techniques that can take advantage of the specific
characteristics of a given problem in order to optimize computational re-
sources, has been a very active field of research in recent times, mainly
driven by the increase in computational power and the desire to embark
in ever more demanding scientific problems. Adaptive Mesh Refinement
(AMR) techniques, in particular, have become a standard way to optimize
computational resources.

For hyperbolic problems, the early developments of Ami Harten on the
use of certain multiresolution frameworks in order to reduce the cost of High
Resolution Shock Capturing schemes have given rise to a growing number of
publications in which the adaptive features of Harten’s framework are being
exploited in various ways, and applied in various scenarios where convection
is a dominant feature.

Harten’s ideas can be combined with special data structures that allow for
memory savings, leading to an attractive alternative to the standard AMR
technology. The simpler cost-effective alternative, where no memory savings
are enforced, remains, however, a very useful tool in examining the numerical
behavior of new schemes and confronting them with known alternatives.

It is a well known fact that many seemingly reasonable numerical schemes
display certain pathologies of numerical nature that only show after a suf-
ficiently refined mesh is considered. Fine meshes should, thus, be included
as part of the testing process of a new scheme. At the early stages in the
code-development process, however, the implementation of a fully adaptive
refinement alternative might be out of reach in terms of man-investment
time. The cost-effective alternative represents only a moderate effort from
the implementation point of view. Since no new data structures are required,
it amounts to the inclusion of a few black-box-type modules into an existing
computational code.
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As observed in previous works, the cost-effective alternative can easily
lead to a net gain of a factor up to 5 in computational time. This moderate
increase in efficiency improves the ability to test the computational perfor-
mance of a given scheme without making use of large computer facilities, or
a large research team.

In this talk we will address this issue, by investigating the performance of
different schemes in two scenarios: relativistic flows and shallow water flows.
For the latter, we shall see that the cost-effective alternative does not alter
the well-balancing of the underlying scheme. Fine mesh computations are
made by implementing a series of modules in the existing finite-difference
codes, and all the computations are made on personal computers.

We will also examine another interesting byproduct of Harten’s multires-
olution framework: the ability to use Harten’s discrete data analysis and
heuristics in order to carry out the refinement process in a standard AMR
code. This would also imply only minimal changes in the existing AMR
code, but we have observed that it leads to a much more efficient refinement
criteria, specially in areas of partial smoothness such as rarefaction waves.
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