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Foreword

From a modest beginning in early 1984 at Gateway Design Automation, the Verilog
hardware description language has become an industry standard as a result of extensive
use in the design of integrated circuit chips and digital systems. Verilog came into being
as a proprietary language supported by a simulation environment that was the first to
support mixed-level design representations comprising switches, gates, RTL, and higher
levels of abstractions of digital circuits. The simulation environment provided a powerful
and uniform method to express digital designs as well as tests that were meant to verify
such designs.

There were three key factors that drove the acceptance and dominance of Verilog in the
marketplace. First, the introduction of the Programming Language Interface (PLI)
permitted users of Verilog to literally extend and customize the simulation environment.
Since then, users have exploited the PLI and their success at adapting Verilog to their
environment has been a real winner for Verilog. The second key factor which drove
Verilog's dominance came from Gateways paying close attention to the needs of the
ASIC foundries and enhancing Verilog in close partnership with Motorola, National, and
UTMC 1n the 1987-1989 time-frame. The realization that the vast majority of logic
simulation was being done by designers of ASIC chips drove this effort. With ASIC
foundries blessing the use of Verilog and even adopting it as their internal sign-off
simulator, the industry acceptance of Verilog was driven even further. The third and final
key factor behind the success of Verilog was the introduction of Verilog-based synthesis
technology by Synopsys in 1987. Gateway licensed its proprietary Verilog language to
Synopsys for this purpose. The combination of the simulation and synthesis technologies
served to make Verilog the language of choice for the hardware designers.

The arrival of the VHDL (VHSIC Hardware Description Language), along with the
powerful alignment of the remaining EDA vendors driving VHDL as an IEEE standard,
led to the placement of Verilog i the public domain. Verilog was inducted as the IEEE
1364 standard in 1995. Since 1995, many enhancements were made to Verilog HDL
based on requests from Verilog users. These changes were incorporated into the latest
IEEE 1364-2001 Verilog standard. Today, Verilog has become the language of choice for
digital design and is the basis for synthesis, verification, and place and route
technologies.

Samir's book 1s an excellent guide to the user of the Verilog language. Not only does it
explain the language constructs with a rich variety of examples, it also goes mto details of
the usage of the PLI and the application of synthesis technology. The topics in the book
are arranged logically and flow very smoothly. This book is written from a very practical
design perspective rather than with a focus simply on the syntax aspects of the language.

This second edition of Samir's book is unique in two ways. Firstly, it incorporates all
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enhancements described in I[EEE 1364-2001 standard. This ensures that the readers of the
book are working with the latest information on Verilog. Secondly, a new chapter has
been added on advanced verification techniques that are now an integral part of Verilog-
based methodologies. Knowledge of these techniques is critical to Verilog users who
design and verify multi-million gate systems.

I can still remember the challenges of teaching Verilog and its associated design and
verification methodologies to users. By using Samir's book, beginning users of Verilog
will become productive sooner, and experienced Verilog users will get the latest in a
convenient reference book that can refresh their understanding of Verilog. This book is a
must for any Verilog user.

Prabhu Goel

Former President of Gateway Design Automation



Preface

During my earliest experience with Verilog HDL, I was looking for a book that could
give me a "jump start" on using Verilog HDL. I wanted to learn basic digital design
paradigms and the necessary Verilog HDL constructs that would help me build small
digital circuits, using Verilog and run simulations. After I had gained some experience
with building basic Verilog models, I wanted to learn to use Verilog HDL to build larger
designs. At that time, I was searching for a book that broadly discussed advanced
Verilog-based digital design concepts and real digital design methodologies. Finally,
when T had gained enough experience with digital design and verification of real IC
chips, though manuals of Verilog-based products were available, from time to time, I felt
the need for a Verilog HDL book that would act as a handy reference. A desire to fill this
need led to the publication of the first edition of this book.

It has been more than six years since the publication of the first edition. Many changes
have occuired during these years. These years have added to the depth and richness of my
design and verification experience through the diverse variety of ASIC and
microprocessor projects that I have successtully completed in this duration. T have also
seen state-of-the-art verification methodologies and tools evolve to a high level of
maturity. The IEEE 1364-2001 standard for Verilog HDL has been approved. The
purpose of this second edition 1s to incorporate the IEEE 1364-2001 additions and
introduce to Verilog users the latest advances in verification. I hope to make this edition a
richer learning experience for the reader.

This book emphasizes breadth rather than depth. The book imparts to the reader a
working knowledge of a broad variety of Verilog-based topics, thus giving the reader a
global understanding of Verilog HDI.-based design. The book leaves the in-depth
coverage of each topic to the Verilog HDL language reference manual and the reference
manuals of the individual Verilog-based products.

This book should be classified not only as a Verilog HDL book but, more generally, as a
digital design book. It is important to realize that Verilog HDL is only a tool used in
digital design. It is the means to an end?the digital IC chip. Therefore, this book stresses
the practical design perspective more than the mere language aspects of Verilog HDL.
With HDL-based digital design having become a necessity, no digital designer can afford
to ignore HDLs.



Who Should Use This Book

The book is intended primarily for beginners and intermediate-level Verilog users.
However, for advanced Verilog users, the broad coverage of topics makes it an excellent
reference book to be used in conjunction with the manuals and training materials of
Verilog-based products.

The book presents a logical progression of Verilog HDL-based topics. It starts with the
basics, such as HDIL-based design methodologies, and then gradually builds on the basics
to eventually reach advanced topics, such as PLI or logic synthesis. Thus, the book is
useful to Verilog users with varying levels of expertise as explammed below.

o Students in logic design courses at universities

o Part 1 of this book is ideal for a foundation semester course in Verilog HDL-
based logic design. Students are exposed to hierarchical modeling concepts, basic
Verilog constructs and modeling techniques, and the necessary knowledge to
write small models and run simulations.

o New Verilog users in the industry

e Companies are moving to Verilog HDL- based design. Part 1 of this book is a
perfect jump start for designers who want to orient their skills toward HDL-based
design.

e Users with basic Verilog knowledge who need to understand advanced concepts

e Part 2 of this book discusses advanced concepts, such as UDPs, timing
simulation, PLI, and logic synthesis, which are necessary for graduation from
small Verilog models to larger designs.

o Verilog experts

o All Verilog topics are covered, from the basics modeling constructs to advanced
topics like PLIs, logic synthesis, and advanced verification techniques. For
Verilog experts, this book is a handy reference to be used along with the IEEE
Standard Verilog Hardware Description Language reference manual.

The material in the book sometimes leans toward an Application Specific Integrated
Circuit (ASIC) design methodology. However, the concepts explained in the book are
general enough to be applicable to the design of FPGAs, PALs, buses, boards, and
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systems. The book uses Medium Scale Integration (MSI) logic examples to simplify
discussion. The same concepts apply to VLSI designs.
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