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Preface

This text deals with the numerical analysis and efficient numerical treatment of
high-dimensional integrals using sparse grids and related dimension-wise integra-
tion techniques and discusses applications to finance and insurance. The focus on
sparse grid quadrature methods on the one hand is thereby complemented by larger
parts of this text which are devoted to dimension-wise decompositions of high-
dimensional functions, such as the ANOVA or the anchored-ANOVA, on the other
hand. The main intention is to cover these two areas of research, which have at-
tracted independently of each other considerable attention in recent years, in a self-
contained, easily accessible and unified way. In particular the interplay between the
convergence behaviour of sparse grid methods with effective dimensions (which are
a measure for the decay of the dimension-wise decompositions) and with coordinate
transformations (which aim to improve the decay of the dimension-wise decompo-
sitions) is studied. The text moreover aims to investigate potential benefits but also
limitations of these techniques with respect to applications from mathematical fi-
nance and insurance and to give some recommendations based on the theoretical
and numerical results presented in the manuscript.

This manuscript mainly originated during my time from July 2004 to January
2009 at the Institute for Numerical Simulation at the University of Bonn where I
worked in the area of sparse grid methods and high-dimensional integration prob-
lems. I had the chance to participate in several research projects, in which we in-
vestigated, partly in close collaboration with financial institutions, the use of these
methods for applications from financial engineering and insurance. In addition I
was involved in the years 2004–2008 in the teaching of the laboratory ”Compu-
tational Finance” that was offered for master students with special focus on the
computational aspects of option pricing problems from mathematical finance. This
manuscript summarizes material and results which have been developed during
these different research projects and teaching activities in this period of time.

I thank all people who contributed to this work. First of all, I would like to thank
Michael Griebel for his continuous support over the years and then Thomas Ger-
stner for a very pleasant collaboration and many contributions to this manuscript.
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I furthermore thank Ralf Goschnick and Marcus Haep from the Zurich Group Ger-
many for their support with the development of asset-liability management mod-
els for life insurance policies, Ralf Korn from the University of Kaiserslautern for
the introduction to the interesting problem to value performance-dependent op-
tions as well as Angela Kunoth from the Universitiy of Paderborn, Jan Baldeaux,
Frances Kuo and Ian Sloan from the University of New South Wales and Christoph
Schwap from the ETH Zurich for valuable comments and discussions. I would also
like to thank all my colleagues Jutta Adelsberger, Jürgen Braun, Roberto Croce,
Niclas Doll, Martin Engels, Christian Feuersänger, Jan Hamaekers, Frederik Heber,
Alexander Hullmann, Lukas Jager, Margit Klitz, Christina Kürten, Bram Metsch,
Daniel Oeltz, Jens Oettershagen, Tim Osadnik, Eva-Maria Rau, Marc Schweitzer
and Ralf Wildenhues from the Institute for Numerical Simulation of the University
of Bonn who all contributed in some way to this manuscript. Finally, I appreciate
the financial support from the program ”Mathematics for innovations in industry
and service” funded by the German Federal Ministry of Education and Research
(BMBF) and from the ”Sonderforschungsbereich 611” funded by the Deutsche
Forschungsgemeinschaft (DFG).

Freiburg, July 2010 Markus Holtz
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