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Preface

Many disciplines, such as physics, the natural and biological sciences, engineer-
ing, economics and the financial sciences frequently give rise to problems that
need mathematical modelling for their solutions. Examples vary in scale from
the behavior of cells in biology, to the behavior of electrical circuits, to flows
and combustion processes in a jet engine, to the formation and development of
galaxies. Standard practice is that the solution of the mathematical models are
not known in closed, analytic form, and hence must be computed approximately
by means of algorithms and software from numerical mathematics and scientific
computing. Numerical mathematics and scientific computing therefore are of
great relevance in modern applied sciences and are the crucial tools for their
qualitative and quantitative analysis.

This thesis records the numerical mathematics research I conducted between
February 2004 and February 2008 in the Modeling, Analysis and Simulation
(MAS) department of the Centrum voor Wiskunde en Informatica (CWI) in
Amsterdam. It deals with the development of multirate time stepping tech-
niques for systems of ordinary differential equations. Multirate methods allow
one to use large time steps for slowly varying components, and small steps for
rapidly varying ones. Numerical experiments confirm that the efficiency of time
integration methods can be significantly improved by using multirate methods.

The thesis consists of five chapters preceded by an introduction and followed
by a summary. The chapters are based on published and submitted papers.
Details are listed below:

1. Chapter 1 is based on the paper by V. Savcenco, W. Hundsdorfer and
J.G. Verwer, entitled A multirate time stepping strategy for stiff ordinary
differential equations, published in BIT 47, pages 137-155, 2007.

2. Chapter 2 is based on the paper by W. Hundsdorfer and V. Savcenco,
entitled Analysis of a multirate theta-method for stiff ordinary differential
equations, accepted for publication in Applied Numerical Mathematics.

3. Chapter 3 is based on the paper by V. Savcenco, entitled Comparison of
the asymptotic stability properties for two multirate strategies, accepted
for publication in Journal of Computational and Applied Mathematics.

4. Chapter 4 is based on the paper, entitled Construction of high-order multi-
rate Rosenbrock methods for stiff ODEs, by V. Savcenco, to be submitted.

5. Chapter 5 is entitled Analysis of explicit multirate and partitioned Runge-
Kutta schemes for conservation laws, a joint work with W. Hundsdorfer
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and A. Mozartova, to be submitted.

The introductory chapter is meant to help unspecialized readers to understand
the motivation and the subject, as well as to outline the content of the whole
thesis. The summary will summarize the conclusions that we have pointed out
in the thesis.

Valeriu Savcenco

Amsterdam, October 2007


