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Preface

This book is on the IEEE Standard Hardware Description Language based on the Verilog® Hardware
Description Language (Verilog HDL), IEEE Std 1364-2001. The intended audiences are engineers
involved in various aspects of digital systems design and manufacturing and students with the basic
knowledge of digital system design. The emphasis of the book is on using Verilog HDL for the design,
verification, and synthesis of digital systems. We will discuss Register Transfer (RT) level digital
system design, and discuss how Verilog can be used in this design flow.

In the last few years RT level design of digital systems has gone through signiﬁcant changes.
Beyond simulation and synthesis that are now part of any RTL design process, we are looking at testbench
generation and automatic verification tools. As with any book on Verilog, this book covers digital
design and Verilog for simulation and synthesis. However, to ready design engineers for designing,
testing, and verifying large digital system designs, the book contains material for testbench development
and verification. The subjects of testbench and verification are introduced in Chapter 1. Chapter 2
onwards we concentrate on Verilog for design and synthesis. This will teach the readers efficient Verilog
coding techniques for describing actual hardware components. When all of Verilog from a design point
of view is presented, we turn our attention to test and verification. Chapter 6 covers testbench development
techniques and use of assertion verification monitors for better analysis of a design. Toward the end of
the book we put together our coding techniques for synthesis and testbench development, and present
several RT level designs from design specification to verification.

Embedded in the presentation of the language, the book provides a review of digital system design
and computer architecture concepts. This review is useful for relearning these concepts as demanded by
new design methodologies and hardware description language based design tools. For practicing
engineers the flow of the book, which starts from introductory material and advances into complex
digital design concepts, provides a self-sufficient learning tool. The material is suitable for an upper
division undergraduate or a first year graduate course. For a one-semester course on the Verilog HDL
language and its use in a digital system design environment, the book can be used in its entirety. The
book can also be used as a supplement for graduate and undergraduate digital system design and
computer organization courses.

Overview of the Chapters

Chapter overviews are presented below. This material is intended to help a reader concentrate on parts
of the book that he or she finds suit able to his or her needs best. Chapters 1 and 2 are introductory, and
contain material with which many readers may already be familiar. It is, however, recommended that
these chapters not be completely omitted, even by experienced readers. The Verilog language is



presented in Chapter 3 and includes the details of language syntax and semantics. The next two chapters
(4 and 5) concentrate on Verilog for describing hardware from a design point of view..This is followed
by a chapter on testing. Together, Chapters 4, 5, and 6 cover use of Verilog for design and test of digital
systems. Chapter 7, which is on detailed modeling, is useful for VLSI designers. The last example in
Chapter 8 is a complete processor that is modeled for synthesis and a complete testbench is developed
for it.

Chapter 1 gives an overview of digital design process and the use of hardware description
languages in this process. Simulation, synthesis, formal verification, and assertion verification are
discussed in this chapter.

Chapter 2 shows various ways hardware components can be described in Verilog. The purpose of
this chapter is to give the reader a general overview of the Verilog language.

Chapter 3 discusses the complete Verilog language structure. The focus of the chapter is more on
the linguistic issues and not on modeling hardware components. A general understanding of the
language is necessary before it can be used for hardware modeling. Writing Verilog for describing
hardware is discussed in the chapters that follow this chapter.

Chapter 4 starts with gates and ends with high-level Verilog constructs for description of combina-
tional circuits. Concurrency and timing will be discussed in the examples of this chapter. Except for
specification of timing parameters, codes discussed in this chapter are synthesizable. A section in this
chapter presents rules for writing synthesizable combinational circuits.

Chapter 5 discusses modeling and description of sequential circuits in Verilog. The chapter begins
with models of memory and shows how they can be specified in Verilog. Registers, counters, and state
machines are discussed in this chapter. A section in this chapter presents rules for writing synthesizable
sequential circuits.

Chapter 6 is on writing testbenches in Verilog. The previous two chapters discussed Verilog from a
hardware design point of view, and this chapter shows how components described as such can be tested.
We talk about data generation, response analysis, and assertion verification.

Chapter 7 covers switch level modeling and detailed representation of signals in Verilog. This
material is geared more for those using Verilog as a modeling language and less for designers. VLSI
structures can be described by Verilog constructs discussed here.

Chapter 8 shows complete RTL design flow, from problem specification to test. We show several
complete examples that take advantage of material of Chapters 4, 5, and 6 for description, simulation,
verification, and synthesis of digital systems. Examples in this chapter take advantage of text IO facilities
of Verilog for storing test data and circuit responses. ‘

Appendix A contains Verilog keywords. Appendix B lists commonly used system tasks and briefly
describes each task. Appendix C lists Verilog compiler directives and explains their use. Appendix D
presents the standard IEEE Verilog HDL syntax. Language constructs terminals and nonterminals are
presented here in a formal grammar representation. Appendix E presents the OVL assertion monitors.
After a brief description of each assertion monitor its parameters and arguments are explained.



Suggested Reading Flow

The book teaches the Verilog language for RT level design, simulation, verification, and synthesis of
digital systems. For a complete comprehension of these issues, or for a complete one-semester graduate
course, the book is recommended in its entirety. However, for specific needs and requirements or for an
undergraduate course on automated design methodologies, parts of the book can also be used. The
following paragraphs present several such uses.

For a hardware designer interested in learning about synthesis, Chapters 4 and 5 are the most important
ones. For such users, Chapter 3 can be used as a reference, and Chapter 6, which is on testbench
development, can be studied as needed. When the designer is ready to consider complete systems,
Chapter 8 is recommended.

Chapter 2 is introductory and provides an overview of the language. For a student using Verilog in
a lower-level undergraduate course, this chapter is a good starting point for learning the language. More
complex parts of the language can then be learned as needed.

Chapter 8 can be used for learning computer organization concepts and the use of Venlog in
description of these structures. Readers familiar with Verilog can use their knowledge to learn the
inter-workings of CPU structures, instruction execution, and testing large systems.

The flow of the book is such that it provides a complete knowledge of Verilog using the same flow
as that used in teaching hardware design in most 4-year Computer Engineering programs. The following
outlines indicate various applications of the book for beginners, undergraduate students, graduate students,
designer engineers, modelers, and system designers.

1. General introduction for a lower-level undergraduate course or an entry level design engineer:
@ Chapters 1-2. Design flow and Verilog overview
® Chapters 4-5. Combinational and sequential circuits for synthesis
2. Advanced logic design for a senior-level course or an advanced design engineer with some
familiarity with design flow and Verilog syntax:
® Chapters 1-2. A review of Verilog-based design
©® Chapter 3. Language semantics and constructs
® Chapters 4-5. Combinational and sequential circuits for synthesis
@ Chapter 6. Test methods
3. Advanced system design for a senior-level course or an advanced system design engineer with
some familiarity with design flow and Verilog syntax:
® Chapters 1-2. A review of Verilog-based design
® Chapter 3. Use as reference as needed
® Chapters 4-5. Combinational and sequential circuits for synthesis
® Chapter 6. Test methods
® Chapter 8. Top-down design of systems
4. Advanced modeling and system design for a graduate-level course or an advanced VLSI design
engineer:



® Chapters 1-2. A review of Verilog-based design
® Chapter 3. Use as reference as needed
® Chapters 4-5. Combinational and sequential circuits for synthesis
® Chapter 6. Test methods
® Chapter 7. Switch level and CMOS modeling
® Chapter 8. Top-down design of systems
5. Parallel with undergraduate Computer Engineering program:
® Use Chapters 1 and 2 early in a digital logic design course
® Use Chapters 4 and 5 in a digital logic design course in parallel with discussion of combina-
tional and sequential circuits
® Use Chapter 6 in a technical elective design course
® Use Chapter 7 in the senior-level VLSI course
® Use Chapter 8 in the Junior or Sophomore computer architecture course

Code Examples

Among many tasks involved in the preparation of the manuscript, for a book describing a language that
is as example oriented as this book, selecting appropriate set of examples and presenting them to the
reader are of special importance. For every design example presented in this book, a testbench is generated
and the design has been tested. With every example, there is a logic design concept and there are several
Verilog constructs and features that are covered. The set of examples is chosen to present the complete
Verilog language for synthesis. These examples start with using simple Verilog constructs and progres-
sively move into more complex ones. Parallel with the flow of language constructs, the book starts with
using simple logic design concepts, such as using basic gates for combinational circuits, and moves into
advanced logic design concepts such as queues and processors.

The CD accompanying this book includes simulation, synthesis, and device programming software
tools. Verilog description of the examples of this book and their testbenches are also included on this
CD. For the instructors using this book in an educational setting, solutions for the end of chapter
problems and Power Point lecture slides can be obtained from the author or the publisher.
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