Preface

Motivation

This book is intended as a text for senior undergraduates and first-year
graduate students in Computer Engineering, Computer Science and Elec-
trical Engineering. It is also a good reference book for CAD practitioners.
VLSI design is now recognized as an important area of Com-
puter/Electrical Engineering and Computer Science. VLSI design is a very
complex process. The design of a VLSI system in unthinkable without the
use of numerous computer aided design (CAD) tools, which automate most
of the design tasks. Except for the initial specification of the system, every
other step of the design process has been either automated or made easy
through user-friendly CAD tools/programs. The first paper on CAD ap-
peared in 1955. CAD started being recognized as indispensable as early as
1960. Now for nearly two decades, CAD of digital systems has become a
mature area. Almost every engineering school offers at least one graduate-
level course in VLSI design and VLSI design automation. Computer Science
departments offer courses in VLSI computation and design automation.
There are three general aspects of CAD: (1) synthesis, (2) verification,
(3) design management. This book deals with the first aspect, that is, the
synthesis aspect. Synthesis is known as the problem of obtaining a lower
level representation of a digital system from a higher level representation
of the same system. When the higher level representation is a behavioral
description and the lower level is a structural description, the synthesis pro-
cess from the higher level to the lower level is known as high-level synthesis.
When both the higher and lower levels are structural representations, the
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process is called physical synthesis. In this book, we are mostly concerned
with physical synthesis, i.e., partitioning, floorplanning, placement, and
routing. However, high-level synthesis aspects are also addressed in the
context of silicon compilation.

This book is suitable for senior undergraduate students and first year
graduate students who may not have been exposed to many of the math-
ematical ideas from graph theory and algorithms. The book makes up for
this lack of exposure through the use of a large number of illustrative exam-
ples and solved exercises. The only pre-requisite assumed is the knowledge
of basic logic design and computer architecture.

Organization of the Book

The book is organized into 9 chapters. The chapters are organized in a
sequence similar to the physical design process itseif.

Chapter 1, the introductory chapter, motivates the student towards
a study of physical design automation of integrated circuits. Layout is
examined in the backdrop of the entire design automation process. Basic
terminology is introduced, and the important subproblems of layout are
identified. The fact that many layout subproblems are “hard” is brought
out with illustrative examples.

Chapters 2 through 7 examine the different subproblems in IC layout.
Chapter 2 covers the problem of circuit partitioning. Chapter 3 discusses
floorplanning. In chapter 4 we present the problem of module placement.
Chapter 5 through 7 are on wiring. We discuss grid/maze routing, global
routing, and channel routing in chapters 3, 6, and 7 respectively.

In Chapter 8, we consider the problem of silicon compilation and auto-
matic generation of cells. Three different cell styles are examined, namely,
Standard cell, Gate Matrix and PLA. Algorithms for automatic generation
of layout in the above cell styles are covered.

In Chapter 9, layout editors are considered and techniques for hand-
drawing of layouts are examined. The importance of compaction in hand
layouts is explained, and the two main compaction approaches together
with their related algorithms are described.

In order to achieve uniformity in treatment, each of these topics is ex-
amined in the following light. Problem Definition introduces the reader
to the essence of the layout subproblem, its graph theoretic formulation,
and the notation associated with the treatment of the problem. Under
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Cost Functions and Constraints, we examine the problem as a constrained
optimization problem and explain the possible cost functions which must
be minimized subject to practical constraints. Next, we examine the var-
ious approaches that researchers and engineers in CAD have adopted to
solve the concerned optimization problem. Such optimization algorithms
include graph theoretic, numerical, and stochastic techniques. The algo-
rithms are illustrated with examples and exercises. Finally, a section on
latest developments in the problem area guides the reader/student to open
research problems. An annotated bibliographyis provided at the end of each
chapter, followed by ezercises. The exercises are classified into routine exer-
cises which typically include applying an algorithm to a problem instance.
Challenging exercises include programming projects and research-oriented
problems (indicated by (*)).

The book contains an appendix which covers an overview of combi-
natorial optimization, and some basic definitions in algorithms and graph
theory, as they apply to the book.

A Solutions Manual is available and can be obtained from the publisher
or authors.

How to use this book?

The book can serve as a text for one semester first year graduate course on
CAD of digital systems. It will be difficult to cover all material in detail in
the fifteen weeks of the semester. Our experience using early manuscript
of the text was that the first seven chapters can be well covered. One week
is required to introduce the topic of CAD in general and physical design in
particular (Chapter 1). Approximately two weeks are spent on Chapters
2 to 7. In each chapter, several heuristics are described. Instructors may
choose to cover all topics of the book by discussing only selected sections
from each chapter.

As an undergraduate text, the depth and pace of coverage will be dif-
ferent. Only portions from each chapter could be covered. The instructors
may decide as to which portions to cover. Material covered may preferably
be from early portions of each chapter.
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