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Preface

Welcome!

For readers who are motivated by the advent of multi-core chips to learn parallel
programming, you've come to the right place. This book is written for a world in
which parallel computers are everywhere, ranging from laptops with two-core chips
to supercomputers to huge data-center clusters that index the Internet.

This book focuses on scalable parallelism, that is, the ability of a parallel program to
run well on any number of processors. This notion is critical for two reasons:
(1) Most of the techniques needed to create scalable parallel computations are the
same techniques that produce efficient solutions on a multi-core chip, and (2) while
multi-core chips currently have a modest number of processors, typically 2-8, the
number of cores per chip promises to increase dramatically in the coming years,
making the notion of scalable parallelism directly relevant. Thus, while today’s
multi-core chips offer opportunities for low latency communication among cores,
this characteristic is likely a short-term advantage, as on-chip delays to different parts
of the chip will become increasingly apparent as the number of cores grows. So, we
focus not on exploiting such short-term advantages, but on emphasizing approaches
that work well now and in the future. Of course, multi-core chips present their own
challenges, particularly with their limited bandwidth to off-chip memory and their
limited aggregate on-chip cache. This book discusses these issues as well.

First, we discuss the principles that underlie effective and efficient parallel pro-
grams. Learning the principles is essential to acquiring any capability as sophisti-
cated as programming, of course, but principles are perhaps even more important
for parallel programming because the state of the art changes rapidly. Training that
is tied too closely to a specific computer or language will not have the staying power
needed to keep pace with advancing technology. But the principles—concepts that
apply to any parallel computing system and ideas that exploit these features—lead
to an understanding that is timeless and knowledge that will always be applicable.

But we do more than discuss abstract concepts. We also apply those principles to
everyday computations, which makes the book very practical. We introduce several
parallel programming systems, and we describe how to apply the principles in those
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programming systems. On completion, we expect readers to be able to write paral-
lel programs. Indeed, the final chapter is devoted to parallel programming tech-
niques and the development of a term-long parallel programming capstone project.

Audience

Our intended audience is anyone—students or professionals—who has written suc-
cessful programs in C or similar languages and who describes himself as a program-
mer. It is helpful to have a basic idea of how a computer executes sequential
programs, including knowledge of the fetch/execute cycle and basics of caching.
This book was originally targeted to upper level undergraduate computer science
majors or first year graduate students with a CS undergraduate degree, and it con-
tinues to be appropriate for that level. However, as the book evolved, we reduced the
assumed knowledge and emphasized pedagogy in the belief that if some explana-
. tions cover knowledge the reader already has, it’s easy to skip forward.

Organization

Because parallel programming is not a direct extension of sequential programming
with which the reader is doubtless familiar, we have organized this book into four
parts:

Foundations: Chapters 1-3
Abstractions: Chapters 4-5
Languages: Chapters 6-9
Looking Forward: Chapters 10—11

To enable you to select intelligently from these parts, we now explain their goals and
content.

Foundations. In Chapter 1 we discover the many issues that parallel program-
mers must address by showing how difficult it is to implement a computation that
is trivial when written for sequential computers. The example focuses our attention
on issues that concern us throughout the entire book, but it also emphasizes the
importance of understanding how a parallel computer operates. Chapter 2 intro-
duces five different types of parallel computers, giving a few details about their
architecture and their ability to scale to a larger size. There are two key conclusions
from the chapter: First, unlike sequential computing, there is no standard architec-
ture. Second, to be successful at spanning this architectural diversity we need an
abstract machine model to guide our programming. And we give one. With the
architectures in mind, Chapter 3 covers basic ideas of concurrency, including
threads and processes, latency, bandwidth, speedup, and so forth, with an emphasis
on issues related to performance. These foundations of Part 1 prepare us for an
exploration of algorithms and abstractions.
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Abstractions. As an aid to designing and discussing parallel algorithms, Chapter 4
introduces an informal pseuodcode notation for writing parallel programs in a
language-independent way. The notation has a variety of features that span various
programming models and approaches, allowing us to discuss algorithms without
bias toward any particular language or machine. To bootstrap your thinking about
parallel algorithms, Chapter 5 covers a series of basic algorithmic techniques. By the
end of Part 2, you should be able to conceptualize ways to solve a problem in paral-
lel, bringing us to the final issue of encoding your algorithms in a concrete parallel
programming language.

Languages. There is no single parallel programming language that fulfills the role
that, say, C or Java plays in sequential programming, that is, a language widely
known and accepted as a baseline medium to encode algorithms. As a result, Part 3
introduces three kinds of parallel programming languages: thread-based (Chapter
6), message-passing (Chapter 7), and high-level (Chapter 8). We cover each lan-
guage well enough for you to write small exercises; serious computations require a
more complete language introduction that is available through online resources. In
addition to introducing a language, each chapter includes a brief overview of related
languages that have a following in the parallel programming community. Chapter 9
briefly compares and contrasts all of the languages presented, noting their strengths
and weaknesses. There is benefit to reading all three chapters, but we realize that
many readers will focus on one approach, so these chapters are independent of one
another.

Onward. Part 4 looks to the future. Chapter 10 covers a series of new, promising
parallel technologies that will doubtless impact future research and practice. In our
view, they are not quite “ready for prime time,” but they are important and worth
becoming familiar with even before they are fully deployed. Finally, Chapter 11
focuses on hands-on techniques for programming parallel machines. The first two
sections of the chapter can be read early in your study of parallel programming, per-
haps together with your study of abstractions in Chapters 4 and 5. But the main goal
of the chapter is to assist you in writing a substantial program as a capstone design
project. In this capacity we assume that you will return to Chapter 11 repeatedly.

Using This Book

Although the content is presented in a logical order, it is not necessary to read this
book front to back. Indeed, in a one term course, it may be sensible to begin pro-
gramming exercises before all of the topics have been introduced. We see the follow-
ing as a sensible general plan:

® Chapters 1,2

® Chapter 11 first section, Chapter 3 through Performance Tradeoffs; begin
programming exercises

® Chapters 4,5
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® One of Chapters 6-8, programming language chapters
® Complete Chapter 3 and 11, begin term project
® Complete remaining chapters in order: language chapters, Chapters 9, 10

There is, of course, no harm in reading the book straight through, but the advantage
of this approach is that the reading and programming can proceed in parallel.
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Any sufficiently advanced technology
is indistinguishable from magic.

—Arthur C. Clarke
Profiles of the Future, 1961
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