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Andreas Klöckner, Nicolas Pinto, Bryan Catanzaro, Yunsup Lee, Paul Ivanov,

and Ahmed Fasih

CHAPTER 28 Jacket: GPU Powered MATLAB Acceleration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387
Torben Larsen, Gallagher Pryor, and James Malcolm



viii Contents

CHAPTER 29 Accelerating Development and Execution Speed with Just-in-Time
GPU Code Generation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399
Peter Eastman and Vijay Pande

CHAPTER 30 GPU Application Development, Debugging, and Performance Tuning with
GPU Ocelot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409
Andrew Kerr, Gregory Diamos, and Sudhakar Yalamanchili

CHAPTER 31 Abstraction for AoS and SoA Layout in C++ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429
Robert Strzodka

CHAPTER 32 Processing Device Arrays with C++ Metaprogramming . . . . . . . . . . . . . . . . . . . . . . . 443
Jonathan M. Cohen

CHAPTER 33 GPU Metaprogramming: A Case Study in Biologically Inspired
Machine Vision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457
Nicolas Pinto and David D. Cox

CHAPTER 34 A Hybridization Methodology for High-Performance Linear Algebra
Software for GPUs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 473
Emmanuel Agullo, Cédric Augonnet, Jack Dongarra, Hatem Ltaief, Raymond Namyst,

Samuel Thibault, and Stanimire Tomov

CHAPTER 35 Dynamic Load Balancing Using Work-Stealing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 485
Daniel Cederman and Philippas Tsigas

CHAPTER 36 Applying Software-Managed Caching and CPU/GPU Task Scheduling for
Accelerating Dynamic Workloads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501
Mark Silberstein, Assaf Schuster, and John D. Owens

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 519



Editors, Reviewers, and Authors

Editor-In-Chief
Wen-Mei W. Hwu, University of Illinois at Urbana-Champaign

Managing Editor
Andrew Schuh, University of Illinois at Urbana-Champaign

NVIDIA Editor
Nadeem Mohammad, NVIDIA Corporation

Area Editors
Thomas Bradley, NVIDIA Corporation (Section 5)

Frank Jargstorff, NVIDIA Corporation (Section 2)

Paulius Micikevicius, NVIDIA Corporation (Section 1)

Richard Tonge, NVIDIA Corporation (Section 4)

Peng Wang, NVIDIA Corporation (Section 3)

Cliff Wooley, NVIDIA Corporation (Section 6)

Reviewers
John Ashley, NVIDIA Corporation

Nathan Bell, NVIDIA Corporation

Avi Bleiweiss, NVIDIA Corporation

Jonathan Cohen, NVIDIA Corporation

Andrew Corrigan, Naval Research Lab

Mike Giles, Oxford University

Dilip Sequeira, NVIDIA Corporation

David Sullins, NVIDIA Corporation

Stanimire Tomov, University of Tennessee, Knoxville

Cliff Wooley, NVIDIA Corporation

Gernot Ziegler, NVIDIA Corporation

ix



x Editors, Reviewers, and Authors

Authors
Emmanuel Agullo, INRIA (Chapter 34)

Dan A. Alcantara, UC Davis (Chapter 4)

Jérémie Allard, INRIA Lille & Lille University (Chapter 21)

Nina Amenta, UC Davis (Chapter 4)

Mihai Anitescu, Argonne National Laboratory (Chapter 20)

V.G. Asouti, National Technical University of Athens (Chapter 17)

Cédric Augonnet, INRIA (Chapter 34)

James Balasalle, University of Denver (Chapter 6)

Nathan Bell, NVIDIA Corporation (Chapter 26)

Thomas Bradley, NVIDIA Corporation (Chapter 25)

Tobias Brandvik, University of Cambridge (Chapter 14)
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François Faure, INRIA Rhóne-Alpes & Grenoble University (Chapter 21)

Aldo Frezzotti, Politecnico di Milano (Chapter 15)

Michael Garland, NVIDIA Corporation (Chapters 2 and 3)

Gian Pietro Ghiroldi, Politecnico di Milano (Chapter 15)

K.C. Giannakoglou, National Technical University of Athens (Chapter 17)

Livio Gibelli, Politecnico di Milano (Chapter 15)

Mike Giles, Oxford University (Chapter 10)

Pawan Harish, International Institute of Information Technology, Hyderabad (Chapter 7)

Mark Harris, NVIDIA Corporation (Chapter 3)

John C. Hart, University of Illinois at Urbana-Champaign (Chapter 2)

Zhengyu He, Georgia Institute of Technology (Chapter 5)

Jan S. Hesthaven, Brown University (Chapter 18)

Toby Heyn, Univeristy of Wisconsin, Madison (Chapter 20)

Jared Hoberock, NVIDIA Corporation (Chapters 2 and 26)

Bo Hong, Georgia Institute of Technology (Chapter 5)

John Humphrey, EM Photonics, Inc. (Chapter 12)

Paul Ivanov, UC Berkeley (Chapter 27)

Yuntao Jia, University of Illinois at Urbana-Champaign (Chapter 2)

Tim Kaldewey, IBM (Chapter 1)

I.C. Kampolis, National Technical University of Athens (Chapter 17)

Eric Kelmelis, EM Photonics, Inc. (Chapter 12)

Andrew Kerr, Georgia Institute of Technology (Chapter 30)

Kurt Keutzer, UC Berkeley (Chapter 25)
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Introduction

Wen-mei W. Hwu

STATE OF GPU COMPUTING
We are in the golden age of the GPU computing. Since the introduction of CUDA in 2007, more than
100 million computers with CUDA capable GPUs have been shipped to end users. GPU computing
application developers can now expect their application to have a mass market. With the introduction
of OpenCL in 2010, researchers can now expect to develop GPU applications that can run on hard-
ware from multiple vendors. Furthermore, from my own experience in teaching CUDA and OpenCL
programming, C programmers can begin to write basic programs after only attending one lecture and
reading one textbook chapter. With such a low barrier of entry, researchers all over the world have been
engaged in developing new algorithms and applications to take advantage of the extreme floating point
execution throughput of these GPUs.

Today, there is a large community of GPU computing practitioners. Many of them have reported 10
to 100 times speedup of their applications with GPU computing. To put this into perspective, with the
historical 2× performance growth every two years, these researchers are experiencing the equivalent
of time travel of 8 to 12 years. That is, they are getting today the performance they would have to
wait for 8 to 12 years if they went for the “free-ride” advancement of performance in microprocessors.
Interestingly, such a free ride is no longer available. Furthermore, once they developed their application
in CUDA, they will likely see continued performance growth of 2× for every two years from this day
forward.

After discussing with numerous researchers, I reached the conclusion that many of them are solv-
ing similar algorithm problems in their programming efforts. Although they are working on diverse
applications, they often end up developing similar algorithmic strategies. The idea of GPU Computing
Gems is to provide a convenient means for application developers in diverse application areas to ben-
efit from each other’s experience. When we issued the call for proposals for the first GPU Computing
Gems, we received more than 280 submissions, an overwhelming response. In the end, we accepted 86
final chapters. Many high-quality proposals were not accepted because of concerns that they may not
be accessible to a large audience. With so many chapters, we were forced to divide these gems into two
volumes. In the first volume (Emerald Edition), we published 50 Gems from 10 diverse application
areas. In this volume, we have collected 36 Gem articles written by researchers in 5 diverse application
areas as well as programming tools and techniques. Each gem is first edited by an area editor who is a
GPU computing expert in that area. This is followed by my own editing of these articles.

For applications, each Gems article reports a successful application experience in GPU computing.
These articles describe the techniques or “secret sauce” that contributed to the success. The authors
highlight the potential applicability of their techniques to other application areas. In our editorial

xv



xvi Introduction

process, we have emphasized the accessibility of these gems to researchers in other areas. For pro-
gramming tools and techniques, the authors emphasize how an application developer can best benefit
from their work.

I would like to thank several people who have worked tirelessly on this project. Nadeem
Mohammad at NVIDIA and Andrew Schuh at UIUC have done so much heavy lifting for this project.
Without them, it would have been impossible for me to coordinate so many authors and area editors.
My area editors, whose names are in front of each section of this volume, have volunteered their valu-
able time and energy to improve the quality of the gems. They worked closely with the authors to make
sure that the gems indeed meet high technical standard while remain accessible by a wide audience.
I would like to thank all the authors who have shared their innovative work with the GPU computing
community. All authors have worked hard to respond to our requests for improvements. It has been a
true privilege to work with all these great people.

Online Resources
Visit http://mkp.com/gpu-computing-gems and click the Online Resources tab to connect to
http://gpucomputing.net, the vibrant official community site for GPU computing, where you
can download source code examples for most chapters and join discussions with other readers and
GPU developers. You’ll also find links to additional material including chapter walk-through videos
and full-color versions of many figures from the book.
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