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Preface 

C omputers in their widest sense-including smartphones, portable gaming sys­
tems, and so on-surround us and increasingly underpin our daily lives. This 
book is dedicated to peeling back the layers from those systems to examine and 

understand what "makes them tick." That is the motivation behind the emphasis on 
embedded systems-that and the fact that embedded systems contain truly fascinating 
technology. Looking inside them, to a technically minded person, is like unwrapping a 
Christmas gift of knowledge and understanding. 

Bookshops (particularly in university towns) seem to overflow with textbooks on top­
ics like computer architecture, computer system design, networking, operating systems, 
and even embedded systems. Many famous technical authors have tried their hands at 
writing in this area, yet computers constitute a fluid and ever-advancing area of tech­
nology that is difficult to describe adequately with a static textbook that may rapidly be­
come out-of-date. In particular, the rise of embedded computing systems over the past 
decade or so seems to have surprised some of the traditional authors: Some textbooks 
persist in regarding computers as being the room-sized machines of the 1950s and 1960s. 
Other textbooks regard computers as being primarily the desktop and server machines 
of the 1980s and 1990s. Only a handful of authors have truly acknowledged that the 
vast majority of computers in modem use are embedded within everyday objects. Few 
textbooks acknowledge that the future of computing is embedded, connected, and per­
vasive: There will come a time when the concept of a desktop or even notebook computer 
seems as anachronistic as the punched card machines of 50 years ago. 

In Computer Systems: An Embedded Approach, as mentioned, we point our discussion 
squarely toward this embedded future wherever possible, and use examples from the 
embedded world, for all three subareas of computer architecture, operating systems, 
and connectivity. Some topics naturally relate better to embedded processors and are 
described in that way, but others are handled alongside the more traditional topics that 
dominate other texts. Wherever possible, examples are given from the embedded world, 
and related material introduced to describe the relevance of the topics to the readers of 
today. 

Book Structure 
The 12 chapters that constitute this textbook can, apart from the introduction and conclu­
sion, be divided roughly into three parts that explain, in tum, the following questions: 

• What hardware is inside a modem computer system (embedded or otherwise), 
how does it work, and how does it fit together? 

xvii 



xviii Preface 

• What is needed to program a computer to "do" things? How does that software 
get written, loaded, and executed; how is it organized and presented; and how 
are the systems inside a modem computer managed? 

• How do computers connect together to exchange information and provide dis­
tributed servers for users? 

In general, following the introduction and foundations chapter, the discussions about 
hardware are confined to Chapters 3 to 7, those concerning software programming and 
operating systems are in Chapters 8 and 9, while the networking and connectivity dis­
cussions involve Chapters 10 and 11. There is significant internal referencing between 
parts, but there is no reason that readers must progress through the book sequentially­
the three parts contain material that can be read and understood independently of the 
other parts. 

Target Audience 
The target audience of readers includes undergraduate students of computing, computer 
science, computer engineering. computer systems engineering. electronic and computer 
engineering, electronic and electrical engineering, and variants. The book will equally 
appeal to those working in other technical disciplines who wish to study the founda­
tions and fundamentals of computers and computing. The introductory sections and the 
foundations chapter are designed to be suitable for undergraduates in their first 2 years 
of study, but sufficient depth and pointers to further topics are provided to make this 
a suitable text for final-year students undertaking courses on computer architecture or 
computer systems design. 

Computer programmers and engineers who are working in the embedded systems 
industry will find this textbook to be a useful reference, and the emphasis on the ARM 
processor-which is widely used across industry-will be welcome for many of those 
for whom this technology is now a livelihood. 

Book Design 
The material in this book was written from the bottom up, without being based on exist­
ing textbooks, apart from some sections in the hardware or computer architecture part of 
the book, which make use of sections from the author's previous work Computer Archi­
tecture: An Embedded Approach as a foundation. By taking a fresh approach, and planning 
the book without being constrained by traditional structures, the text avoids many of the 
historical blind alleys and irrelevant sideshows that have occurred in computer evolu­
tion. This leads to a more precisely defined flow in the writing structure that maintains 
the sharp focus on embedded systems (although it does not totally ignore the larger 
machines-many of them contained fascinating examples of ideas that morphed over 
the years into more important and better technology that has since became ubiquitous). 

In creating this book, the author has aimed to write easy-access and readable text that 
builds reader interest and tries to maintain relevance with the popular forefront of tech­
nology as it impacts daily life. However, there are tricky concepts in any field of study, 
and where those have been encountered, care has been taken to write clear explanatory 
text, and in many cases provide an informative and intuitive illustration to aid under­
standing. In addition, there are many explanatory boxes provided throughout, which 
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contain material such as extra worked examples, interesting snippets of information, and 
additional explanations. All of those features aim to augment the main text and assist the 
reader in absorbing the information. 

SI (System International) units are used throughout the book, including the unusual­
sounding "kibibyte" and "mebibyte" capacity measures for computer memory (which 
are explained in Appendix A). Each of the main chapters in the book is followed with 
end-of-chapter problems, which have answers available to instructors online. An accom­
panying website, www.mcloughlin.eu/ computer, provides students and other readers 
additional reference material, links, and opportunities to find out more about many of 
the topics presented here. 

Book Preparation 
This book has been prepared and typeset with -m':E}< using TeXShop. The author wrote 
the content using TeXstudio on Linux Ubuntu- and Apple OS-X-based computers. 
Line diagrams were all drawn using the OpenOffice/LibreOffice drawing tools, and all 
graphics conversions have made use of the extensive graphics processing tools that are 
freely available on GNU /Linux systems. Code examples and most of the embedded sys­
tem descriptions were sourced from the author's own hardware and software designs. 
Thanks are gratefully expressed to the GNU Project for the excellent and invaluable GCC 
ARM compiler, as well as to the Busybox (the Swiss Army knife of embedded systems 
coding) and ARM/Linux projects. 

Several of the images in this book were supplied by online resources such as Wiki­
media Commons, as credited in the figure captions. All such figures are under Creative 
Commons (CC) by attribution (BY) or share alike (SA) licenses. The author would like 
to acknowledge in particular the excellent resource provided by Wikimedia Commons, 
as well as the protective licenses from Creative Commons.1 

Before You Begin 
Please take a moment to remember the generations of computer engineers who have 
worked hard for decades to bring us the mobile, smart, computer, and embedded tech­
nologies that modem society thrives on. While we can rightly applaud those great efforts 
of the past, it is the author's hope that readers will enjoy unwrapping the gifts of under­
standing and knowledge of embedded computer systems, and will work just as hard to 
build a better technology future for us all. 

Ian Vince McLoughlin 

I 
The full license text for all CC images used in this book can be viewed at https:/ I creativecommons.org/ 

licenses. 
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