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Preface

To the engineer, all matter in the universe can be placed into one of two categories: (1) things that
need to be fixed, and (2) things that will need to be fixed after you’ve had a few minutes to play
with them.

Quoted by Scott Adams in The Dilbert Principle.

Hardware description languages (HDLs) are used extensively in industry to design
digital systems ranging from microprocessors to components within consumer appli-
ances, such as cellular telephones. These languages allow engineers to quickly and
precisely specify and document their designs in a high-level language that has strong
similarities to conventional programming languages, such as Java, C, and C++.
Automatic tools exist to simulate the design using this high-level description and,
ultimately, to translate the design from the hardware description language into an
actual silicon chip.

There are two primary hardware description languages in use by industry today,
Verilog and VHDL. Both languages solve the same basic problem, but in slightly
different ways. There are strong adherents to both languages and arguments about
which is better often seem to have the feel of a religious war. The Institute of
Electrical and Electronic Engineers (IEEE) made Verilog an international standard in
1995 and it continues to be refined and enhanced.

Numerous books have been written to describe both languages. These books range
from the IEEE standards document, to tutorial texts that introduce the language
to novices, to texts for advanced users that describe the many subtle aspects of
the languages. However, these books tend to treat the languages as just another
programming language to be learned. They tend to miss the forest for the trees
since they fail to view the broader goals of design as they focus on the details of
describing specific circuits rather than considering the larger picture that encompasses
architectural choices and their impact on circuit design, and vice versa.

The philosophy behind this book is to view the language as only a tool in the
overall design process used to produce the final product, which is the piece of silicon
that is a part of a larger system. This book will teach the reader how to design
a complex digital system using the Verilog HDL as the vehicle for modeling and
simulating the design. We have chosen to focus on Verilog due to its economic

vii
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viii Preface

importance and due to its popularity and widespread use among the designers of
processors and other digital systems within the computing industry. Our philosophy
is to teach the components of the language that are necessary for the design of our
example processor simultaneously with the teaching of the overall design process.

Organization

This book begins with a brief introduction to the hierarchical design process that is
used throughout the book to control the complexity involved in designing a large-
scale digital system. Chapter 2 then introduces the Verilog language using several
relatively small examples. The instruction set architecture (ISA) for the simple VeSPA
processor is defined in Chapter 3 along with a running commentary explaining the
reasoning behind the various trade-offs that must be made during the design of any
system. This ISA is used throughout the remainder of the book to demonstrate how a
behavioral model of the processor can be developed (Chapter 4) and then refined into
a detailed pipelined implementation (Chapter 7). Along the way, we describe how
an assembler is constructed to translate assembly language programs into machine
language (Chapter 5) and the general concepts involved in pipelining a processor
design (Chapter 6). The book concludes with a discussion of several techniques that
are used to verify the correctness of the final design (Chapter 8). Appendix A provides
a concise summary of the VeSPA instruction set, while Appendix B presents the
details of the VeSPA assembler.

At the end of some chapters, we provide suggestions for further reading for
those who are interested in pursuing a particular topic in more detail. There is also
a companion web site for this book (www.cambridge.org/052182866X) with the
Verilog source code for all of the examples used in the book, plus some additional
tools that can be used with the VeSPA processor models, such as the assembler.

Suggestions for using this text
This book was written primarily with the following three uses in mind:

1. As a supplemental text for an undergraduate course in computer architecture.
Popular existing computer architecture textbooks tend to base their discussions
around simple processors designed specifically for the needs of the given textbook.
What these books often fail to do, however, is to tie the overall design process
into the hardware description language methodology that engineers actually use
in industry. This book provides a useful supplement to a computer architecture
course to show how a hardware description language is actually used to design
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a processor from start to finish. For example, a course instructor could assign
students the task of modifying the VeSPA processor presented in this book as a
series of homework assignments throughout the term.

2. As the primary text for a computer design laboratory course. This book would
be useful as the text for a computer design laboratory course. This type of course
may be offered independently, or as a formal component of a computer architecture
course, as suggested above.

3. As a self-teaching guide for graduate engineers. The book has a very tutorial
flavor. This approach makes it useful for practicing engineers who want a self-
study text to update their skills in the area of digital systems design. It would also
be appropriate for someone who knows VHDL, for instance, but needs to learn
Verilog.
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