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Preface

The most beautiful thing we can experience is the mysterious. It is the source of all true art 
and science. 

—Albert Einstein, What I Believe, 1930

We believe that learning in computer science and engineering should reflect the current 
state of the field, as well as introduce the principles that are shaping computing. We also feel 
that readers in every specialty of computing need to appreciate the organizational paradigms 
that determine the capabilities, performance, energy, and, ultimately, the success of computer 
systems.

 Modern computer technology requires professionals of every computing specialty to un-
derstand both hardware and software. The interaction between hardware and software at a 
variety of levels also offers a framework for understanding the fundamentals of computing. 
Whether your primary interest is hardware or software, computer science or electrical engi-
neering, the central ideas in computer organization and design are the same. Thus, our em-
phasis in this book is to show the relationship between hardware and software and to focus on 
the concepts that are the basis for current computers.

 The recent switch from uniprocessor to multicore microprocessors confirmed the sound-
ness of this perspective. While programmers could ignore the advice and rely on computer 
architects, compiler writers, and silicon engineers to make their programs run faster or be 
more energy-efficient without change, that era is over. For programs to run faster, they must 
become parallel. While the goal of many researchers is to make it possible for programmers 
to be unaware of the underlying parallel nature of the hardware, they are programming, it 
will take many years to realize this vision. Our view is that for at least the next- decade, most 
programmers are going to have to understand the hardware/software interface if they want 
programs to run efficiently on parallel computers. 

This self-contained text devotes one full chapter to the basics of digital logic. While the 
initial chapters describe in detail about computer organization, including CPU design, ALU 
design, memory design and I/O organization, the text also deals with Assembly Language 
Programming for Pentium using NASM assembler. What distinguishes the text is the special 
attention it pays to Cache and Virtual Memory organization, as well as to RISC architecture 
and the intricacies of pipelining. All these discussions are climaxed by an illuminating discus-
sion on parallel computers which shows how processors are interconnected to create a variety 
of parallel computers.

This task is challenging for several reasons. First, there is a tremendous variety of prod-
ucts that can rightly claim the name of computer, from single-chip microprocessors costing a 
few dollars to supercomputers costing tens of millions of dollars. Variety is exhibited not only 
in cost but also in size, performance, and application. Second, the rapid pace of change that 
has always characterized computer technology continues with no letup. These changes cover 
all aspects of computer technology, from the underlying integrated circuit technology used to 
construct computer components to the increasing use of parallel organization concepts in com-
bining those components. 

Despite the variety and pace of change in the computer field, certain fundamental con-
cepts apply consistently throughout. The application of these concepts depends on the current 



(iv)
state of the technology and the price/performance objectives of the designer. The intent of this 
book is to provide a thorough discussion of the fundamentals of computer organization and 
architecture and to relate these to contemporary design issues. 

The subtitle suggests the theme and the approach taken in this book. It has always been 
important to design computer systems to achieve high performance, but never has this require-
ment been stronger or more difficult to satisfy than today. All the basic performance character-
istics of computer systems, including processor speed, memory speed, memory capacity, and 
interconnection data rates, are increasing rapidly. Moreover, they are increasing at different 
rates. This makes it difficult to design a balanced system that maximizes the performance and 
utilization of all elements. Thus, computer design increasingly becomes a game of changing 
the structure or function in one area to compensate for a performance mismatch in another 
area. We will see this game played out in numerous design decisions throughout the book. 

A computer system, like any system, consists of an interrelated set of components. The 
system is best characterized in terms of structure— the way in which components are intercon-
nected, and function—the operation of the individual components. Furthermore, a computer’s 
organization is hierarchical. Each major component can be further described by decomposing 
it into its major subcomponents and describing their structure and function. 

The objective is to present the material in a fashion that keeps new material in a clear con-
text. This should minimize the chance that the reader will get lost and should provide better 
motivation than a bottom-up approach. This text is intended to acquaint the reader with the 
design principles and implementation issues of contemporary operating systems. Accordingly, 
a purely conceptual or theoretical treatment would be inadequate. 

Throughout the discussion, aspects of the system are viewed from the points of view of 
both architecture (those attributes of a system visible to a machine language programmer) and 
organization (the operational units and their interconnections that realize the architecture).

The audience for this book includes those with little experience in assembly language or 
logic design who need to understand basic computer organization as well as readers with back-
grounds in assembly language and/or logic design who want to learn how to design a computer 
or understand how a system works and why it performs as it does.

Hope you enjoy reading this first edition as much as I did in writing it! 

—Authors
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