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A very interesting new book on MATLAB® performance ... covering basic tools and an
appropriate range of specific programming techniques. The book seems to take a whole-
system approach ... helping readers understand the big picture of how to get better
performance.

—Michelle Hirsch, Ph.D., Head of MATLAB® Product Management

The MATLAB programming environment is often perceived as a platform suitable for
prototyping and modeling but not for “serious” applications. One of the main complaints
is that MATLAB is just too slow. Accelerating MATLAB Performance aims to correct
this perception by describing multiple ways to greatly improve MATLAB program speed.

The book:

e Demonstrates how to profile MATLAB code for performance and resource usage,
enabling users to focus on the program’s actual hotspots

* (Considers tradeoffs in performance tuning, horizontal vs. vertical scalability, latency
vs. throughput, and perceived vs. actual performance

e Explains generic speedup techniques used throughout the software industry and
their adaptation for MATLAB, plus methods specific to MATLAB

e Analyzes the effects of various data types and processing functions

¢ Covers vectorization, parallelization (implicit and explicit), distributed computing,
optimization, memory management, chunking, and caching

e Explains MATLAB’s memory model and shows how to profile memory usage and
optimize code to reduce memory allocations and data fetches

e Describes the use of GPU, MEX, FPGA, and other forms of compiled code

e Details acceleration techniques for GUI, graphics, 1/0, Simulink®, object-oriented
MATLAB, MATLAB startup, and deployed applications

e Discusses a wide variety of MathWorks and third-party functions, utilities, libraries,
and toolboxes that can help to improve performance

Ideal for novices and professionals alike, the book leaves no stone unturned. It covers
all aspects of MATLAB, taking a comprehensive approach to boosting MATLAB perfor-
mance. It is packed with thousands of helpful tips, code examples, and online references.
Supported by an active website, the book will help readers rapidly attain significant re-
ductions in development costs and program run times.

Yair Altman, author of the popular UndocumentedMatlab.com website, is well respected
by the MATLAB community as a leading expert on advanced MATLAB programming. In
over 20 years of professional software development, Yair has developed systems using
two dozen programming languages, a dozen platforms, and countless MATLAB releases.
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Preface

The MATLAB® programming environment is often perceived as a platform suitable for
prototyping and modeling but not for actual real-life applications. One of the reasons that
I constantly hear when consulting with clients is that “MATLAB is slow”.,

This book aims to help reduce this perception and shows that MATLAB programs can in
fact be made to run extremely fast, in a wide variety of different ways.

MathWorks, who develop MATLAB, invests a significant amount of R&D effort in con-
stantly improving MATLAB's performance and advocating best practices for improved
performance.! Postings for performance-related R&D jobs are periodically posted? and the
engine’s performance improves with almost every semi-annual MATLAB release. In fact,
the same MATLAB programs that might have been slow 10 or more years ago may now
be blazingly fast when run using the latest MATLAB release, on the very same platform.

Using programming techniques presented in this book, MATLAB applications can be
made even faster, fast enough for most uses. This enables significant reduction of the
development time and cost, since we can use MATLAB from end to end, from prototyping
to deployment, without having to maintain a mirror code-base using a different program-
ming language and environment.

So, the perception of MATLAB as a slow environment may at least partly be due to a
combination of factors, ranging from negative experience from past releases, to application
code that does not follow good programming practices.

Some people say that when performance is really important, we should use a different
programming language such as C/C++ While using C/C++ can certainly improve perfor-
mance if done correctly, it is not a general panacea. MATLAB provides many benefits that
could be very important during both development (e.g., rapid application development,
short development cycles, ease of use, lenient environment, gentle learning curve) and run
time (e.g., built-in vectorization, simple parallelization, automated memory management,
and JIT optimizations). This is the reason we use High-Level Languages in the first place,
trading some performance for functionality, development time, and so on. Otherwise,
we would program in Assembly, use FPGAs, or even develop custom ASIC chips for top
performance....

Using MATLAB does not however mean that we should abandon performance alto-
gether. This book shows that using some very easy-to-follow techniques we can signifi-
cantly improve MATLAB code speed without sacrificing MATLAB's benefits.

Some authors who write about performance like to demonstrate ideas with colorful
graphs that show the performance behavior as a function of one or more parameters.
Such comparisons are often academic in nature. This book tries to take a more practi-
cal approach with the presented recommendations. The ideas are explained verbally and
short code snippets are often included to illustrate the point, usually without a rigorous
comparison of all the parameter variants. This is not a PhD thesis, but rather a practical
hands-on book intended for day-to-day use by engineers.

On one hand, enough information is provided to enable engineers to immediately apply
the suggestions to their MATLAB programs. On the other hand, many references are also
provided to enable readers who wish to expand the treatment of a particular topic to easily
do so. There is always a delicate line between providing too much and too little informa-
tion in the main text, so I hope my choices were adequate.

xix
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Performance is a term that can refer to many things, from functional (“Does it perform well
enough?”) to speed (“Does it perform fast enough?”). In this book we are interested in only the
latter aspect: speed. Other aspects of performance (accuracy, stability, robustness, etc.) are
not less important, but are outside the scope of this text.

If this book may seem verbose at times, this is because I have tried to explain the rea-
sons behind the recommendations, in the hope that users will gain insight. After all, this
book cannot cover every possible aspect in all possible situations; gaining insight will
enable readers to search for other ways to tune their specific program. Naturally, not all
the numerous individual speedup suggestions can be remembered. But in my experience,
once we understand and internalize the reasoning, we naturally “rediscover” these tech-
niques whenever we come across a situation that merits them.

This book contains a wide variety of suggestions. Some may not be relevant for a spe-
cific application, or we may decide not to use them for some reason (e.g,, due to their extra
development and/or maintenance cost). Do not despair—plenty of other suggestions are
available that could be helpful. There are many ways to achieve our target performance
goals, so even if one technique fails, there are alternatives that we could try. In fact, there
are so many different ways to achieve these goals that we can take a pick based on aes-
thetic preferences and subjective experience: Some people use vectorization, others like
parallelization, some others prefer to invest in smarter algorithms, others trade memory
for performance, still others display a GUI that gives the impression of being fast.

All of these routes and more are valid alternatives for making a program answer user
expectations of speed and responsiveness. Moreover, it is expected that readers will
become more proficient in efficient programming techniques, such that their programs
will run faster in the first place, even before any tuning is actually done.

The book is meant as a generic reference for MATLAB performance tuning. As such, it
does not include detailed discussion of domain-specific topics such as numerical analy-
sis, optimization, statistics, algorithms, or image processing. These topics are well worth
discussing for performance aspects, but they too are outside the scope of this book. Some
discussion is included, but is not intended to be comprehensive nor detailed. Interested
readers are referred to dedicated works on these specific topics.

Book Organization

This book is organized in chapters grouped by related functionality/usage. It is not nec-
essary to read the book in order: the chapters and sections are mostly independent and
stand alone. You can safely skip parts that you find difficult or uninteresting.

We begin with a theoretical description of performance tuning in Chapter 1. The discus-
sion includes typical pitfalls, tradeoffs, and considerations that need to be kept in mind
before and during any tuning process. Chapter 1 is not meant to be a comprehensive dis-
cussion of the theory of performance tuning; there are other books fully devoted to this
subject. In contrast, I attempted to describe the essence of the major practical issues as I see
them. It should be noted that this is not an exact science, and my subjective opinions on
tradeoff considerations may well be disputed by others. Still, I hope that by reading this
chapter, readers will at least be exposed to the underlying questions and considerations that
relate to performance tuning, even if they disagree with my analysis or recommendations.
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As long as you keep the underlying questions in mind when you tune an application, you
should be okay.

Chapter 2 provides an overview of tools that are available in MATLAB in order to
diagnose an application to determine the locations of, and reasons for, its performance
hotspots. There are several different manners by which we can profile application run time
in MATLAB, and different situations may dictate different tools.

Chapters 3 through 11 discuss specific speedup techniques that can be used in MATLAB:

¢ Chapter 3 explains standard techniques adapted from non-MATLAB program-
ming languages.

» Chapter 4 discusses techniques that are unique to MATLAB code.

* Chapter 5 discusses implicit parallelization, with indexing and vectorization.

¢ Chapters 6 and 7 discuss explicit parallelization using a variety of means (CPU,
GPU, and multi-threading).

¢ Chapter 8 discusses techniques for using compiled (binary) code.

¢ Chapter 9 discusses specific techniques that are memory-related. The nontrivial
relationship between memory and performance is explained, and a variety of tun-
ing techniques are presented in light of these explanations.

* Chapter 10 discusses techniques related to graphics, GUI, and user interaction.

e Chapter 11 concludes the list of specific tuning techniques with a discussion of
techniques related to 1/O, particularly reading and writing files.

Chapters 3 through 11 are intended for use as a random-access reference. The sections
and techniques can typically be used independently of each other. You can directly use
any section or technique, without reading or using any other.

Appendix A presents online and offline resources that expand the information pre-
sented in the text and enable further research. Appendix B concludes the text by providing
a non-comprehensive general checklist for performance tuning,.

Throughout the text, references are provided to enable interested readers to expand their
knowledge of specific issues. Footnotes are used to clarify some points and to provide
cross-references to other sections within this book; endnotes are used to provide refer-
ences to related online resources. Most online references are provided in both full and
shortened format, to enable easy usage when transcribed from hardcopy.

Conventions Used in This Book

The following special text formatting conventions are used within this book:

* Fixed-width font is used for MATLAB code segments. The Command-Line
prompt (>>) is provided only where it would help to distinguish between user-
entered text and MATLAB's response in the console:
>> verslion
ans =
8.3.0.532 (R2014a)
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In other places, the console output is indicated using an arrow sign:
tic, pause(2), toc
= Elapsed time is 2.001925 seconds.

¢ Regular bold font is used for object property names (e.g., UserData), as well as for
occasional emphasis.

* Bold italic font is used for MATLAB function names (e.g,, max or ismember)

* Regular italic font is used for file names (e.g., data.mat), utility names (e.g., grep),
introduction of new terms, as well as for occasional emphasis.

"o

The duration terms “minutes”, “seconds”, and “milliseconds” are used extensively
throughout the text and are usually shortened to “min”, “s”, and “ms”, respectively (e.g., 3
min, 5 s or 45 ms).

Icons are sometimes placed next to the text, as follows:

¢ The lightning icon® indicates a suggestion with potentially high impact on the
program’s performance. These suggestions should typically be considered first,
before trying other alternatives.

* The warning icon indicates a suggestion that relies on undocumented or unsup-
ported features that may not be available in future MATLAB releases and may
not work correctly (or at all) on some platforms, releases, or situations. Use of such
suggestions should be done only after careful testing and at the user’s own risk.
Neither MathWorks nor this book’s author or publisher can take any responsibil-
ity for possible consequences due to using unsupported functionality. It is the
author’s explicit suggestion that such features should be considered last, only after
all the other (supported) venues have been tried.

MATLAB and Simulink are registered trademarks of The MathWorks, Inc. For product
information, please contact:

The MathWorks, Inc.

3 Apple Hill Drive

Natick, MA 01760-2098 USA
Tel: 508 647 7000

Fax: 508-647-7001

E-mail: info@mathworks.com
Web: www.mathworks.com
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This book is much better thanks to the contributions by these people, and yet I take
responsibility for any errors, inaccuracies, and omissions that might have inadvertently
entered the text. In such a large project, as in any large program, some “bugs” have surely
escaped scrutiny. I hope that you accept them with the understanding that such work is
never perfect. I have tried to generalize my findings for improved performance, and yet it
is quite possible that the situation may be different or even diametrically opposite under a
different set of parameters such as hardware, OS, MATLAB release, data size, data type, or
any of myriad other possible factors. Readers should therefore not rely on the suggestions
within the text before carefully testing them on their specific system. Neither the author
nor publisher can accept any responsibility for possible consequences due to this book.
Please report any issue that you discover. My direct email is altmany (at) gmail.com. A
detailed list of the major errata will be posted on http://UndocumentedMatlab.com/books/
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Finally, this book is devoted to my family. I said it in my first book and find no better
words to say it again—this book would never have seen the light of day without your lov-
ing support and understanding. I owe you more than words can express.

* MathWorks employees are affectionately called MathWorkers by the MATLAB community. I use this term
in this book to refer to MathWorks engineers, either past or current, who contributed some useful utility,
suggestion, or insight.
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