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Preface

Parallelism, the capability of a computer to execute operations concurrently, has been a constant throughout the
history of computing. It impacts hardware, software, theory, and applications. The fastest machines of the past few
decades, the supercomputers, owe their performance advantage to parallelism. Today, physical limitations have
forced the adoption of parallelism as the preeminent strategy of computer manufacturers for continued perfor-
mance gains of all classes ofmachines, fromembedded andmobile systems to themost powerful servers. Parallelism
has been used to simplify the programming of certain applications which react to or simulate the parallelism of the
natural world. At the same time, parallelism complicates programming when the objective is to take advantage of
the existence of multiple hardware components to improve performance. Formal methods are necessary to study
the correctness of parallel algorithms and implementations and to analyze their performance on different classes of
real and theoretical systems. Finally, parallelism is crucial for many applications in the sciences, engineering, and
interactive services such as search engines.

Because of its importance and the challenging problems it has engendered, there have been numerous research
and development projects during the past half century.This Encyclopedia is our attempt to collect accurate and clear
descriptions of the most important of those projects. Although not exhaustive, with over  entries the Encyclo-
pedia covers most of the topics that we identified at the outset as important for a work of this nature. Entries include
many of the best known projects and span all the important dimensions of parallel computing including machine
design, software, programming languages, algorithms, theoretical issues, and applications.

This Encyclopedia is the result of the work of many, whose dedication made it possible. The  Editorial Board
Members created the list of entries, did most of the reviewing, and suggested authors for the entries. Colin Robert-
son, the Managing Editor, Jennifer Carlson, Springer’s Reference Development editor, and Editorial Assistants Julia
Koerting and Simone Tavenrath, worked for  long years coordinating the recruiting of authors and the review and
submission process. Melissa Fearon, Springer’s Senior Editor, helped immensely with the coordination of authors
and Editorial Board Members, especially during the difficult last few months. The nearly  authors wrote crisp,
informative entries. They include experts in all major areas, come from many different nations, and span several
generations. In many cases, the author is the lead designer or researcher responsible for the contribution reported
in the entry. It was a great pleasure for me to be part of this project. The enthusiasm of everybody involved made
this a joyful enterprise. I believe we have put together a meaningful snapshot of parallel computing in the last 
years and presented a believable glimpse of the future. I hope the reader agrees withme on this and finds the entries,
as I did, valuable contributions to the literature.

David Padua
Editor-in-Chief

University of Illinois at Urbana-Champaign
Urbana, IL

USA
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ÜMIT V. ÇATALYÜREK
The Ohio State University

Columbus, OH

USA

LUIS H. CEZE
University of Washington

Seattle, WA

USA

BRADFORD L. CHAMBERLAIN
Cray Inc.

Seattle, WA

USA

ERNIE CHAN
NVIDIA Corporation

Santa Clara, CA

USA

RONG-GUEY CHANG
National Chung Cheng University

Chia-Yi

Taiwan

BARBARA CHAPMAN

University of Houston

Houston, TX

USA

DAVID CHASE
Oracle Labs

Burlington, MA

USA

DANIEL CHAVARRÍA-MIRANDA
Pacific Northwest National Laboratory

Richland, WA

USA

NORMANH. CHRIST
Columbia University

New York, NY

USA

MURRAY COLE
University of Edinburgh

Edinburgh

UK



xviii List of Contributors

PHILLIP COLELLA
University of California

Berkeley, CA

USA

SALVADORCOLL
Universidad Politécnica de Valencia

Valencia

Spain

GUOJING CONG
IBM

Yorktown Heights, NY

USA

JAMES H. COWNIE
Intel Corporation (UK) Ltd.

Swindon

UK

ANTHONY P. CRAIG
National Center for Atmospheric Research

Boulder, CO

USA

ANTHONY CURTIS
University of Houston

Houston

TX

H. J. J. VANDAM

Pacific Northwest National Laboratory

Richland, WA

USA

FREDERICA DAREMA
National Science Foundation

Arlington, VA

USA

ALAINDARTE

École Normale Supérieure de Lyon

Lyon

France

RAJA DAS
IBM Corporation

Armonk, NY

USA

KAUSHIK DATTA
University of California

Berkeley, CA

USA

JIM DAVIES

Oxford University

UK

JAMES DEMMEL

University of California at Berkeley

Berkeley, CA

USA

MONTYDENNEAU
IBM Corp., T.J. Watson Research Center

Yorktown Heights, NY

USA

JACKB. DENNIS

Massachusetts Institute of Technology

Cambridge, MA

USA

MARKDEWING
Intel Corporation

Champaign, IL

USA

VOLKERDIEKERT
Universität Stuttgart FMI

Stuttgart

Germany

JACKDONGARRA

University of Tennessee

Knoxville, TN

USA

DAVID DONOFRIO
Lawrence Berkeley National Laboratory

Berkeley, CA

USA

RONO. DROR
D. E. Shaw Research

New York, NY

USA



List of Contributors xix

IAIN DUFF
Science & Technology Facilities Council

Didcot, Oxfordshire

UK

MICHAEL DUNGWORTH

SANDHYADWARKADAS

University of Rochester

Rochester, NY

USA

RUDOLF EIGENMANN
Purdue University

West Lafayette, IN

USA

E. N. (MOOTAZ) ELNOZAHY
IBM Research

Austin, TX

USA

JOEL EMER
Intel Corporation

Hudson, MA

USA

BABAK FALSAFI
Ecole Polytechnique Fédérale de Lausanne

Lausanne

Switzerland

PAOLO FARABOSCHI
Hewlett Packard

Sant Cugat del Valles

Spain

PAUL FEAUTRIER
Ecole Normale Supérieure de Lyon

Lyon

France

KARL FEIND
SGI

Eagan, MN

USA

WU-CHUN FENG
Virginia Tech

Blacksburg, VA

USA

and

Wake Forest University

Winston-Salem, NC

USA

JOHN FEO
Pacific Northwest National Laboratory

Richland, WA

USA

JEREMY T. FINEMAN
Carnegie Mellon University

Pittsburgh, PA

USA

JOSEPH A. FISHER
Miami Beach, FL

USA

CORMAC FLANAGAN
University of California at Santa Cruz

Santa Cruz, CA

USA
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