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PREFACE

This textbook is intended for use in a one-semester, upper-division undergraduate
course. [t is expected that the students will have had courses in logic design with state
machines and assembly language programming. A course in data structures as well as
basic operating systems would be helpful.

There are two major themes running through this book. The first theme is an over-
view of the major ideas and design philosophies of computer architecture and imple-
mentation with some insight into their historical development. We are inclined to
forget the work of our predecessors in computer design; the few pages devoted to this
topic may help to rectify this neglect.

The second theme is the introduction and use of analytic modeling of computer
performance. I believe that engineering students should take an engineering approach
to the study of computer architecture and implementation. Various design trade-off
issues will be examined with analytical models. What is an engineering approach?
Consider the following two quotations.

“What distinguished the engineer from the technician is largely the ability to formu-
late and carry out the detailed calculations of forces and deflections, concentrations
and flows, voltages and currents, that are required to test a proposed design on pa-
per with regard to failure criteria. The ability to calculate is the ability to predict the
performance of a design before it is built and tested.” (Petroske 1996).

“... it is much easier to have some vague notion about any subject, no matter what,
than to arrive at the real truth about a single question, however simple that may be.”
(Descartes 1629).

In addition to the two major themes, this book will introduce students to a new
vocabulary. Whenever a new topic is approached, it is inevitable that one learns a new
vocabulary. Therefore, whenever a new word or term is introduced, this book attempts
to provide a definition along with common synonyms. We recommend that students
obtain a copy of a computer dictionary to support their studies. Reference can also
be made to an on-line dictionary of computer terms at (http://wombat.doc.ic.ac.uk/
foldoc/index. html).

One of the problems in the computer field is the lack of a standard set of terms. For
example, the Intel x86 architecture uses the term linear address whereas I prefer the

viii
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Preface ix

term virtual address, as used with the IBM S370 and S390. The reason for the prefer-
ence is that the IBM S$370 predates the virtual-memory version of the Intel x86 and
established precedence. Thus, in the text, wherever possible, the term with precedence
is used.

The von Neumann architecture is used in Chapter 1 to introduce the basic principles
of computer architecture. Students should know what von Neumann proposed with
this architecture and what its limitations were. These limitations were overcome in
subsequent architectures while the underlying design remained unchanged.

Two architecture families will be extensively used for illustrations: The IBM S360/
370/390 and the Intel x86 up to the Pentium Pro with MMX extensions. These two
families represent the two most widely used processors today. For mainframe applica-
tions, the IBM family is preeminent in the world. The Intel family is found in approx-
imately 90% of all personal computers. These two families are the most likely to be
encountered by students after they finish their studies.

The sequence of presentation in this book differs from that found in other texts.
It starts with a computer overview in Chapter 1 that covers the von Neumann ar-
chitecture and some of its precursors. Chapter 2 introduces analytical performance
modeling, learning curves, and other related evaluation techniques. The modeling
technique will be used throughout the balance of the book.

Chapter 3 describes the issues in user instruction set design. The instruction set
architecture taxonomy of addresses, data types, and operations is introduced. This
chapter also provides a basic treatment of computer arithmetic and the IEEE floating-
point standard.

Because a memory-centric view of a computer is taken, the text turns to memory
implementation in Chapter 4. I believe that students should be exposed to memory
systems before processors, as the process state is held memory and is the focus of how
problems are solved. Further, I approach the memory system by first looking at virtual
memory that provides the functionality required of large programs and large data
sets.

Performance follows functionality, from a designer’s point of view; thus caches are
covered after virtual memory. The gap between the cache and the disk is then covered
by describing interleaved memory and DRAM organizations. Performance models for
hierarchical memories are used throughout the chapter to illustrate design trade-offs.

Following the chapter on memory, the issues of processor implementation are
addressed. First, hardwired and microprogrammed implementations are covered in
Chapter 5. Then Chapter 6 addresses the ideas and issues of pipelining. The techniques
of performance models are interwoven with the functional descriptions of processor
implementation.

Chapter 7 covers input/output. In this chapter we look at requirements for vari-
ous workloads and examine how these requirements are satisfied in contemporary
systems. Bus design and serial communications are discussed along with clock recov-
ery and clock synchronization. A brief introduction to queuing theory is included in
this chapter.

The concluding chapter, Chapter 8, covers extensions to the user instruction set archi-
tecture that support operating systems, virtual memory, caches, and multiprocessors.
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x Preface

This chapter concludes with a description of the MMX extensions to the Intel Pent-
ium Pro.

A final goal of this book is to enable students to read the current literature on com-
puters with understanding and appreciation of the ideas presented. This is accom-
plished by exposing students to the basic principles of architecture and implementa-
tion, and by careful use of the nonstandard terminology of this field.
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