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INTRODUCTION

IN THE WORLD OF EMBEDDED SYSTEMS, you can’t work for long without working on an ARM 
CPU. ARM CPUs are known for their low electric power consumption, making them ideal for 
mobile embedded systems. Since 2012, virtually all PDAs and smartphones contain ARM CPUs, 
and ARMs account for 75 percent of all 32-bit embedded systems and 90 percent of embedded RISC 
systems. In 2005, 98 percent of more than one billion mobile phones sold used at least one ARM 
processor. You can fi nd ARM processors in mobile phones, tablets, MP3 players, handheld games 
consoles, calculators, and even computer peripherals such as Bluetooth chips and hard disk drives.

With more than 1 billion ARM processors shipped every 2 months, it is surprising to know that 
ARM does not actually make processors, but rather designs the core, and ARM partners use those 
designs to make their own processors, adding external devices and peripherals or modifying the core 
for speed or power consumption benefi ts. By working closely with manufacturers, ARM has created 
a huge ecosystem. The result is an amazing range of processors, used for all types of devices in all 
classes of devices, and all running using a common architecture, enabling developers to switch easily 
from one processor to another.

ARM processors are by no means tiny processors with limited performance; they range from micro-
controller devices used in the smallest of systems all the way to 64-bit processors used in servers.

This book introduces you to embedded ARM systems, how to get them up and running, how to 
develop for this platform, and some of the devices available in this huge ecosystem.

WHO THIS BOOK IS FOR

This book is primarily for developers who want to start in the embedded fi eld. A basic understand-
ing of C is required for most examples, but no assembly knowledge is required.

This book is also for developers who want better knowledge of the internals of a processor and to 
understand what goes on deep inside the core.

WHAT THIS BOOK COVERS

This book covers the advances in technology for ARM processors and focuses on the more recent 
ARMv7 architecture, for Cortex-A, Cortex-R, and Cortex-M devices. If you use the Cortex range of 
processors, you will feel at home, but if you use ARM Classic cores, you can also fi nd information 
and a listing of the differences between architectures and platforms.
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HOW THIS BOOK IS STRUCTURED

This book is designed to give as much information as possible to someone who does not have work-
ing experience with ARM processors. To understand ARM’s philosophy, it is necessary to under-
stand where ARM came from and how the ARM processor was born. This book then covers all 
aspects of an embedded project: understanding the processor and the extensions, understanding 
assembler, creating your fi rst program using a more familiar C, and then continuing to debugging 
and optimization.

Chapter 1, “The History of ARM,” gives an outline of the fascinating history of ARM; where it 
came from and why it is where it is today.

Chapter 2, “ARM Embedded Systems,” gives an explanation on what an embedded system is and a 
presentation of the strong points of an ARM system.

Chapter 3, “ARM Architecture,” lists the different elements that compose an ARM processor and 
how to use them effectively.

Chapter 4, “ARM Assembly Language,” gives an introduction to ARM assembly and explains why 
understanding assembly is so important.

Chapter 5, “First Steps,” presents some simulators and real-world cards to write programs, both to 
get an ARM processor started and to use as a basis for more complex programs. This chapter also 
presents some real-world scenario projects.

Chapter 6, “Thumb Instruction Set,” presents the Thumb mode and also the Thumb-2 extension. 
Cortex-M processors use only Thumb mode, but Thumb can also be used on every modern proces-
sor where code density is important.

Chapter 7, “Assembly Instructions,” presents a list of assembly instructions in ARM’s Unifi ed 
Assembly Language, and explains their use with easy-to-follow programs.

Chapter 8, “NEON,” presents NEON, ARM’s advanced Single Instruction Multiple Data processor 
and shows how you can use it to accelerate mathematically intensive routines.

Chapter 9, “Debugging,” describes debugging, what is required to debug a program, and what you 
can achieve. It uses several real-world examples.

Chapter 10, “Writing Optimized C,” describes the fi nal part of any application—optimization. 
With some simple examples, you will learn how to write optimized code, and understand what hap-
pens deep inside the processor to implement further optimization.

Appendix A, “Terminology,” explains some of the words and terms you will encounter when work-
ing on embedded systems, and more specifi cally, ARM embedded systems.

Appendix B, “ARM Architecture Versions,” lists the different ARM Architectures that exist, and 
explain what each version brought in terms of technological advancement, but also which processor 
belongs to which architecture.
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Appendix C, “ARM Core Versions,” looks closer at the ARM cores, and presents the changes in 
each processor. Discussing briefl y each processor from ARM6 onwards, it goes into more detail for 
modern Cortex-class processors.

Appendix D, “Neon Intrinsics and Instructions,” lists the different instructions available for ARM’s 
NEON engine, and also presents the intrinsics used to perform NEON calculation in an optimized 
way, using C.

Appendix E, “Assembly Instructions,” lists the different assembly instructions used in UAL, with 
a description of each, as well as a list of Thumb instructions used on different Cortex-M class 
processors.

WHAT YOU NEED TO USE THIS BOOK

Most people imagine an embedded system surrounded with costly electronics and expensive soft-
ware licenses, but the truth is that you can start embedded development with little investment. 
To start, you need a development computer. Examples are given for Linux, but you can also use 
Windows and MacOS. Royalty-free compilers are proposed, and you can use a free ARM simulator 
for your fi rst programs, but later, a small ARM system is advisable: either an evaluation board from 
a manufacturer (two are presented), or you can use an inexpensive small-factor computer, such as a 
Raspberry Pi or an Arduino Due.

To run the samples in the book, you need the following:

 ➤ Linux development computer

 ➤ Mentor Graphics compiler suite

 ➤ Atmel SAM D20 Xplained Pro evaluation board

 ➤ Silicon Lab’s STK3200 and STK3800 evaluation boards

 ➤ Raspberry Pi

The source code for the samples is available for download from the Wrox website at:

www.wiley.com/go/profembeddedarmdev

CONVENTIONS

To help you get the most from the text and keep track of what’s happening, we’ve used a number of 
conventions throughout the book.

NOTE Notes indicate notes, tips, hints, tricks, and asides to the current 
discussion.
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As for styles in the text:

 ➤ We highlight new terms and important words when we introduce them.

 ➤ We show keyboard strokes like this: Ctrl+A.

 ➤ We show fi lenames, URLs, and code within the text like so: persistence.properties.

 ➤ We present code in this way:

We use a monofont type with no highlighting for most code examples.

SOURCE CODE

As you work through the examples in this book, you may choose either to type in all the code man-
ually or to use the source code fi les that accompany the book. All the source code used in this book 
is available for download at www.wrox.com. Specifi cally for this book, the code download is on the 
Download Code tab at:

www.wrox.com/go/profembeddedarmdev

You can also search for the book at www.wrox.com by ISBN (the ISBN for this book is 978-1-118-
78894-3) to fi nd the code. And a complete list of code downloads for all current Wrox books is 
available at www.wrox.com/dynamic/books/download.aspx.

At the beginning of Chapter 5, you will fi nd a list of the major code fi les for the chapter. Throughout 
the chapter, you will also fi nd references to the names of code fi les available for download.

Most of the code on www.wrox.com is compressed in a .ZIP, .RAR archive, or similar archive format 
appropriate to the platform. 

After you download the code, decompress it with your favorite compression tool. Alternatively, you 
can go to the main Wrox code download page at www.wrox.com/dynamic/books/download.aspx 
to see the code available for this book and all other Wrox books.

ERRATA

We make every effort to ensure that there are no errors in the text or in the code. However, no one 
is perfect, and mistakes do occur. If you fi nd an error in one of our books, like a spelling mistake 
or faulty piece of code, we would be grateful for your feedback. By sending in errata, you may save 
another reader hours of frustration, and at the same time, you can help us provide higher quality 
information.

To fi nd the errata page for this book, go to:

www.wrox.com/go/profembeddedarmdev

Then click the Errata link. On this page you can view all errata that has been submitted for this 
book and posted by Wrox editors.
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INTRODUCTION

If you don’t spot “your” error on the Book Errata page, go to www.wrox.com/contact/techsupport
.shtml and complete the form there to send us the error you have found. We’ll check the information 
and, if appropriate, post a message to the book’s errata page and fi x the problem in subsequent edi-
tions of the book.

P2P.WROX.COM

For author and peer discussion, join the P2P forums at http://p2p.wrox.com. The forums are a 
web-based system for you to post messages relating to Wrox books and related technologies and 
interact with other readers and technology users. The forums offer a subscription feature to e-mail 
you topics of interest of your choosing when new posts are made to the forums. Wrox authors, edi-
tors, other industry experts, and your fellow readers are present on these forums.

At http://p2p.wrox.com, you will fi nd a number of different forums that will help you, not only as 
you read this book, but also as you develop your own applications. To join the forums, just follow 
these steps:

 1. Go to http://p2p.wrox.com and click the Register link.

 2. Read the terms of use and click Agree.

 3. Complete the required information to join, as well as any optional information you want to 
provide, and click Submit.

 4. You will receive an e-mail with information describing how to verify your account and com-
plete the joining process.

NOTE You can read messages in the forums without joining P2P, but to post 
your own messages, you must join.

After you join, you can post new messages and respond to messages other users post. You can read 
messages at any time on the web. If you would like to have new messages from a particular forum 
e-mailed to you, click the Subscribe to this Forum icon by the forum name in the forum listing.

For more information about how to use the Wrox P2P, be sure to read the P2P FAQs for answers to 
questions about how the forum software works, as well as many common questions specifi c to P2P 
and Wrox books. To read the FAQs, click the FAQ link on any P2P page.
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PART I
ARM Systems and Development

 ➤ CHAPTER 1: The History of ARM

 ➤ CHAPTER 2: ARM Embedded Systems

 ➤ CHAPTER 3: ARM Architecture

 ➤ CHAPTER 4: ARM Assembly Language

 ➤ CHAPTER 5: First Steps

 ➤ CHAPTER 6: Thumb Instruction Set

 ➤ CHAPTER 7: Assembly Instructions

 ➤ CHAPTER 8: NEON

 ➤ CHAPTER 9: Debugging

 ➤ CHAPTER 10: Writing Optimized C
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