O
A

GENY

UNIVERSITE

DE GENEVE Archive ouverte UNIGE

https://archive-ouverte.unige.ch

This file is a(n) Extract of:

Bourlioux, A. (ed.); Gander, Martin Jakob (ed.); Sabidussi, Gert (ed.)

This publication URL: https://archive-ouverte.unige.ch/unige:8320
Publication DOI: 10.1007/978-94-010-0510-4

© This document is protected by copyright. Please refer to copyright holders for terms of use.


https://archive-ouverte.unige.ch
https://archive-ouverte.unige.ch/unige:8320
https://doi.org/10.1007/978-94-010-0510-4

Modern Methods in Scientific Computing
and Applications



NATO Science Series

A Series presenting the results of scientific meetings supported under the NATO Science
Programme.

The Series is published by I0S Press, Amsterdam, and Kluwer Academic Publishers in conjunction
with the NATO Scientific Affairs Division

Sub-Series

I. Life and Behavioural Sciences 10S Press

Il. Mathematics, Physics and Chemistry Kluwer Academic Publishers
lll. Computer and Systems Science 10S Press

IV. Earth and Environmental Sciences Kluwer Academic Publishers
V. Science and Technology Policy 10S Press

The NATO Science Series continues the series of books published formerly as the NATO ASI Series.

The NATO Science Programme offers support for collaboration in civil science between scientists of
countries of the Euro-Atlantic Partnership Council. The types of scientific meeting generally supported
are “Advanced Study Institutes” and “Advanced Research Workshops”, although other types of
meeting are supported from time to time. The NATO Science Series collects together the results of
these meetings. The meetings are co-organized bij scientists from NATO countries and scientists from
NATO’s Partner countries — countries of the CIS and Central and Eastern Europe.

Advanced Study Institutes are high-level tutorial courses offering in-depth study of latest advances
in a field.

Advanced Research Workshops are expert meetings aimed at critical assessment of a field, and
identification of directions for future action.

As a consequence of the restructuring of the NATO Science Programme in 1999, the NATO Science
Series has been re-organised and there are currently Five Sub-series as noted above. Please consult
the following web sites for information on previous volumes published in the Series, as well as details of
earlier Sub-series.

http://www.nato.int/science
http://www.wkap.nl
http://www.iospress.nl
http://www.wtv-books.de/nato-pco.htm

I
S| N
N\ %

I

Series II: Mathematics, Physics and Chemistry — Vol. 75



Modern Methods in Scientific
Computing and Applications

edited by

Anne Bourlioux

Département de Mathématiques et de Statistique,
Université de Montréal,
Montréal, Québec, Canada

Martin J. Gander

Department of Mathematics and Statistics,
McGill University,
Montréal, Québec, Canada

and

Technical Editor

Gert Sabidussi

Département de Mathématiques et de Statistique,
Université de Montréal,
Montréal, Québec, Canada

b
N

Springer-Science+Business Media, B.V.



Proceedings of the NATO Advanced Study Institute and Séminaire de Mathématiques
Supérieures on Modern Methods in Scientific Computing and Applications

Montréal, Québec, Canada

9-20 July 2001

A C.1.P. Catalogue record for this book is available from the Library of Congress.

ISBN 978-1-4020-0782-8 ISBN 978-94-010-0510-4 (eBook)
DOI 10.1007/978-94-010-0510-4

Printed on acid-free paper

All Rights Reserved

© 2002 Springer Science+Business Media Dordrecht

Originally published by Kluwer Academic Publishers in 2002

Softcover reprint of the hardcover 1st edition 2002

No part of this work may be reproduced, stored in a retrieval system, or transmitted

in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission from the Publisher, with the exception
of any material supplied specifically for the purpose of being entered

and executed on a computer system, for exclusive use by the purchaser of the work.



Table of Contents

Preface vii
Key to group picture xiii
Participants XV
Contributors xxi

Zhaojun BAI, Gene GOLUB
Computation of large-scale quadratic forms and transfer functions using the theory of
moments, quadrature and Padé approximation 1

Andrea L. BERTOZZI, Mark BOWEN

Thin film dynamics: theory and applications 31
Anne BOURLIOUX
Numerical turbulent combustion: an asymptotic view via an idealized test-case 81

Gundolf HAASE, Ulrich LANGER
Multigrid methods: from geometrical to algebraic versions 103

Laurence HALPERN, Adib RAHMOUNI
One-way operators, absorbing boundary conditions and domain decomposition for wave
propagation 155

Anthony R. HUMPHRIES, Andrew M. STUART
Deterministic and random dynamical systems: theory and numerics 211

Mattias JONSSON, Ronnie SIRCAR

Optimal investment problems and volatility homogenization approximations 255
Karol MIKULA
Image processing with partial differential equations 283

Frédéric NATAF
Interface connections in domain decomposition methods 323

James A. SETHIAN
A review of level set and fast marching methods for image processing 365

Panagiotis E. SOUGANIDIS
Recent developments in the theory of front propagation and its applications 397

Thomas P. WITELSKI
Computing finite-time singularities in interfacial flows 451

Index 489



Preface

When we first heard in the spring of 2000 that the Séminaire de mathématiques supérieures
(SMS) was interested in devoting its session of the summer of 2001—its 40th—to scientific
computing the idea of taking on the organizational work seemed to us somewhat remote.
More immediate things were on our minds: one of us was about to go on leave to the Courant
Institute, the other preparing for a research summer in Paris. But the more we learned about
the possibilities of such a seminar, the support for the organization and also the great history
of the SMS, the more we grew attached to the project. The topics we planned to cover were
intended to span a wide range of theoretical and practical tools for solving problems in image
processing, thin films, mathematical finance, electrical engineering, moving interfaces, and
combustion. These applications alone show how wide the influence of scientific computing
has become over the last two decades: almost any area of science and engineering is greatly
influenced by simulations, and the SMS workshop in this field came very timely. We decided
to organize the workshop in pairs of speakers for each of the eight topics we had chosen, and
we invited the leading experts worldwide in these fields. We were very fortunate that every
speaker we invited accepted to come, so the program could be realized as planned.

Four of the eight sessions focused on the techniques of scientific computing: the domain
decomposition session with lectures by Laurence Halpern and Frédéric Nataf from France
introduced the audience to absorbing boundary conditions and one-way operators, which are
key ingredients for fast domain decomposition methods. The new methods proposed were
optimized Schwarz methods and a new preconditioner for non-symmetric Schur methods.
The multigrid session, given by Gundolf Haase and Ulrich Langer from Austria, provided an
introduction to the convergence analysis of multi-grid methods and a new multi-grid technique
for the three-dimensional Maxwell equations with impressive performance. Algebraic multi-
grid techniques were also presented. The lectures in the session on dynamical systems, given
by Tony Humphries and Andrew Stuart from England, started with continuous and discrete
dynamical systems, and then went on to stochastic dynamical systems with an analysis of
numerical methods for the stochastic case. Finally, the matrix analysis session, led by Zhaojun
Bai and Gene Golub from the US, focused on reduced order model techniques for extremely
large systems of ordinary differential equations, using a very elegant link to Krylov methods,
estimates for entries of functions of matrices through quadrature, and relating orthogonal
polynomials to Lanczos, closing the circle.

The other four sessions combined techniques with concrete applications. The session on
stochastic differential equations given by George Papanicolaou and Ronnie Sircar from the
US started with an overview of limit theorems and the law of large numbers with the key
techniques of asymptotic analysis for applications in mathematical finance. In particular, a
new model was presented which can reproduce the skewness of the curve of implied volatilities
formerly known as the smile curve. The session on image processing dealt with two major
techniques: Karol Mikula from Slovakia showed how nonlinear diffusion equations based on
the Perona-Malik equation can be used in image processing. The original instability in this
approach was corrected with a convolution, and impressive image sequences of a beating
heart illustrated the effectiveness of this approach. A full convergence proof for the nonlinear
discretization was also shown. The second technique, presented by Jamie Sethian from the
US, was level set methods with an almost unreal way to reconstruct missing image parts that
are completed by the human brain when we look at an image. The case of the “missing tri-
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angle” is particularly spectacular. The third session, on thin films, was presented by Andrea
Bertozzi and Thomas Witelski from the US. They showed how asymptotic analysis is essential
in capturing phenomena, of rupturing and fingering, and how even one-dimensional flows can
give insight into the behavior of thin films. The forth session, given by Anne Bourlioux from
Canada and Panagiotis Souganidis from the US, introduced asymptotic analysis for combus-
tion problems, and concrete computations which illustrate how high resolution results can
be obtained by using the asymptotic results in regions close to flame fronts, where otherwise
the required high resolution would be computationally infeasible.

While the sixteen speakers came from six different countries, the total of 75 participants
of the ASI come from twenty different countries. In absolute term most came from the US
(18), but in relative terms (with respect to the population of the country) most came from
Slovakia (7). We are very thankful to Gert Sabidussi and Ghislaine David for the flawless
organization of this international event; nobody could have done a better job! We are also
grateful for NATQ’s generous support through its Advanced Study Institutes Program, and
to the Centre de Recherches Mathématiques (CRM) and the Université de Montréal for the
local support.

The 40th session of the SMS/NATO ASI on Scientific Computing and Applications showed
impressively how active the field of scientific computing is today and what tremendous im-
pact it has in science and engineering. Scientific computing has become the third discipline
together with mathematical modeling and physical experiments to explore our world and
advance science.

The editors
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