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Published in the book series: Springer-Lehrbuch
Copyright c© Springer-Verlag Berlin Heidelberg 2007
Springer-Verlag is part of Springer Science+Business Media.
All Rights Reserved.

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting,
reproduction on microfilm or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9,
1965, in its current version, and permission for use must always be obtained from Springer. Violations
are liable to prosecution under the German Copyright Law.
The use of general descriptive names, registered names, trademarks, etc. in this publication does not
imply, even in the absence of a specific statement, that such names are exempt from the relevant protective
laws and regulations and therefore free for general use.

Cover design: KuenkelLopka GmbH, Heidelberg

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Preface

Innovations in hardware architecture, like hyperthreading or multicore processors,
make parallel computing resources available for inexpensive desktop computers.
However, the use of these innovations requires parallel programming techniques.
In a few years, many standard software products will be based on concepts of
parallel programming to use the hardware resources of future multicore proces-
sors efficiently. Thus, the need for parallel programming will extend to all areas
of software development. The application area will be much larger than the area
of scientific computing, which used to be the main area for parallel computing for
many years. The expansion of the application area for parallel computing will lead to
an enormous need for software developers with parallel programming skills. Some
chip manufacturers already demand to include parallel programming as a standard
course in computer science curricula.

This book takes up the new development in processor architecture by giving a
detailed description of important parallel programming techniques that are neces-
sary for developing efficient programs for multicore processors as well as for par-
allel cluster systems or supercomputers. Both shared and distributed address space
architectures are covered. The main goal of the book is to present parallel program-
ming techniques that can be used in many situations for many application areas
and to enable the reader to develop correct and efficient parallel programs. Many
example programs and exercises are provided to support this goal and to show how
the techniques can be applied to further applications. The book can be used as both
a textbook for students and a reference book for professionals. The material of the
book has been used for courses in parallel programming at different universities for
many years.

This is the third version of the book on parallel programming. The first two ver-
sions have been published in German in the years 2000 and 2007, respectively. This
new English version is an updated and revised version of the newest German edition
of the book. The update especially covers new developments in the area of multicore
processors as well as a more detailed description of OpenMP and Java threads.

The content of the book consists of three main parts, covering all areas of par-
allel computing: the architecture of parallel systems, parallel programming models
and environments, and the implementation of efficient application algorithms. The
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emphasis lies on parallel programming techniques needed for different architec-
tures.

The first part contains an overview of the architecture of parallel systems, includ-
ing cache and memory organization, interconnection networks, routing and switch-
ing techniques, as well as technologies that are relevant for modern and future mul-
ticore processors.

The second part presents parallel programming models, performance models,
and parallel programming environments for message passing and shared memory
models, including MPI, Pthreads, Java threads, and OpenMP. For each of these
parallel programming environments, the book gives basic concepts as well as more
advanced programming methods and enables the reader to write and run semanti-
cally correct and efficient parallel programs. Parallel design patterns like pipelining,
client–server, and task pools are presented for different environments to illustrate
parallel programming techniques and to facilitate the implementation of efficient
parallel programs for a wide variety of application areas. Performance models and
techniques for runtime analysis are described in detail, as they are a prerequisite for
achieving efficiency and high performance.

The third part applies the programming techniques from the second part to repre-
sentative algorithms from scientific computing. The emphasis lies on basic methods
for solving linear equation systems, which play an important role in many scientific
simulations. The focus of the presentation lies on the analysis of the algorithmic
structure of the different algorithms, which is the basis for parallelization, and not on
the mathematical properties of the solution methods. For each algorithm, the book
discusses different parallelization variants, using different methods and strategies.

Many colleagues and students have helped to improve the quality of this book.
We would like to thank all of them for their help and constructive criticisms. For
numerous corrections and suggestions we would like to thank Jörg Dümmler, Mar-
vin Ferber, Michael Hofmann, Ralf Hoffmann, Sascha Hunold, Matthias Korch,
Raphael Kunis, Jens Lang, John O’Donnell, Andreas Prell, Carsten Scholtes, and
Michael Schwind. Many thanks to Matthias Korch, Carsten Scholtes, and Michael
Schwind for help with the exercises. We thank Monika Glaser for her help and
support with the LATEX typesetting of the book. We also thank all the people who
have been involved in the writing of the first two German versions of this book. It
has been a pleasure working with the Springer Verlag in the development of this
book. We especially thank Ralf Gerstner for his support and patience.

Bayreuth Thomas Rauber
Chemnitz Gudula Rünger
August 2009
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