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PREFACE

The general premise of the first edition of this book was a balanced treatment of logic design, digital system
design and computer design basics. Prior to the first edition, the advancing scale of integration of digital
electronic circuits and accelerated use of logic synthesis tools had raised much of digital system design to
levels above gates and flip-flops. Register transfer level treatment of datapaths and controls, including
hardware description language use, became central to industrial practice. Moreover, the movement of com-
puter design toward the so-called RISC (Reduced Instruction Set Computer) had penetrated to the very core
of the domain of the CISC (Complex Instruction Set Computer). The RISC, with the accompanying pipelined
implementation, became the predominate architecture for processors and served as the core component in
CISC designs as well. Additionally, the use of multiple levels of memory hierarchy had become a dominant
part of contemporary computers. The first edition of Logic and Computer Design Fundamentals provided
an appropriate balance of topics for a contemporary treatment of design consistent with these changes in
technology and industrial practice.

During the past four years, continuing advances in the scale of integration of digital electronic circuits
and expanding application of logic and behavioral synthesis tools have established hardware description
languages (HDLs) as the primary vehicle for describing digital and computer systems during design. Other
changes in technology include broader application of dynamic RAM, increased interest in stack architec-
tures with the emergence of Java, and the adoption of packet-based serial transfer standards for communi-
cation betwee: computers and their peripherals. In responding to these trends, the second edition intro-
duces both Verilog and VHDL, replacing content on IEEE standard graphic symbols. Also included is new
material on dynamic RAM, stack architecture, and packet-based communication for input-output.

Pedagogical changes include added sequential circuit formulation material in Chapter 4 and computer
examples in Chapter 8 that include the hardware for branch and jump instructions. The latter examples now
permit a complete basic treatment of computer design, exclusive of the detailed designs in Chapter 10.
Almost half of the many homework problems are either new or modified. A Companion Website is pro-
vided at http://www, prenhall.com/mano.

The approach used in the introductions to VHDL and Verilog contrasts with that in the typical pro-
gramming or description language text. Here, the introductions emphasize the vital tie of HDL descriptions
to hardware, causing the reader to recognize clearly that a language description represents actual hardware
with real cost rather than just program code to be stored in memory and executed. Further, the introductions
are informal, permitting beginning students to be able to read and write in a limited, but powerful, subset of



an HDL, while achieving a balance between language study and basic fundamentals appropriate for an
introductory course. The organization of the VHDL and Verilog material is intended to provide three choices:
coverage of VHDL, coverage of Verilog, or neither. These choices permit the instructor to tailor the mate-
rial covered to the objectives of the course and exercise preference for one language over the other as well.
If a greater language component is desired in a given course offering, VHDL and Verilog material provided
on the Companion website serves this need.

Chapters 1 through 5 of the book treat logic design, and chapters 6 through 8 deal with digital system
design using computer subsystem examples. Chapters 9 through 12 focus directly on computer design. This
arrangement provides solid digital system design fundamentals while accomplishing a gradual, bottom-up
development of fundamentals for use in top-down computer design in later chapters. Summaries of the
topics covered in each chapter follow.

Chapter 1 introduces digital and computer systems and information representation. Binary number
and character representations and basic binary arithmetic are the focus of most of the chapter.

Chapter 2 introduces logic gates and deals with basic concepts and techniques for designing gate
circuits. The chapter presents Boolean algebra and Karnaugh maps as logic simplification tools and covers
design using NAND, NOR and XOR gates. The chapter finishes with a brief treatment of fundamental
properties of gates with a focus on propagation delay.

Chapter 3 covers combinational circuit analysis and design. It introduces design hierarchy, com-
puter-aided design, top-down design, synthesis, and presents computer-based digital simulation as an analysis
tool. Several types of functional blocks which correspond to medium scale integrated (MSI) circuits are
introduced or designed. Simplification of arithmetic hardware serves as motivation for the presentation of
complement arithmetic. Introductions to the hardware description languages, VHDL and Verilog, are pro-
vided with the expectation that at most one of the languages will be covered.

Chapter 4 presents sequential circuit concepts and design. This chapter introduces latches and flip-
flops as storage elements and demonstrates sequential circuitanalysis procedures. Design procedures in-
clude an expanded introduction to developing state diagrams and state tables from specifications. The
design procedures focus on design using D flip-ilops or J-K flip-ilops. The introduction of VHDL and
Verilog is extended to storage elements and to sequential circuits.

Chapter 5 deals with structured sequential circuits, notably registers and counters. Shift registers are
introduced and applied to serial operations. The discussion of counters focuses on the synchronous binary
type. VHDL and Verilog descriptions of shift registers and counters are presented.

Chapter 6 presents random access memory (RAM) and programmable logic. The RAM section deals
with the structure of static and dynamic RAM integrated circuits and the interconnection of such circuits to
form a memory. In addition to treating three basic forms of programmable logic, this chapter covers large
scale programmable logic including field programmable gate arrays.



Chapter 7 introduces a simple register transfer language and shows its relationship to hardware
description languages. It treats register transfer operations and introduces methods for implementing trans-
fers with and without buses. A major part of Chapter 7 is the design of a basic computer datapath including
a pipelined version. This datapath design serves as the foundation for all computer datapaths treated in the
remainder of the book. The introduction of the simple hardware description language permits the remainder
of the material in the text to be presented independently of Verilog and VHDL.

Chapter 8 deals with the sequencing of register transfer operations. It introduces the algorithmic state
machine (ASM) chart as a representation for sequencing and controlling operations. Hardwired and
microprogrammed versions of a binary multiplier illustrate ASM use and sequential control design. In
addition, the binary multiplier serves as an example for introducing the use of VHDL and Verilog in de-
scribing combined datapath and control. A simple computer is built upon the basic datapath from Chapter 7
by adding hardwired control. A more complex microprogrammed control is described and the chapter fin-
ishes with a simple pipelined computer.

Chapter 9 introduces many facets of instruction set architecture. It deals with address count, address-
ing modes, architectures, and the various types of instructions including data transfer, data manipulation,
floating point, program control and program interrupt. Addressing modes and other aspects of instructions
are illustrated with brief segments of instruction code.

Chapter 10 illustrates and compares two different CPU designs, one CISC and one RISC. Except for
a bit of comparison, the designs are independent, so either one or both may be covered based on the audi-
ence and on the time available. The CISC design uses a conventional datapath and microprogrammed con-
trol. The RISC design uses a pipelined datapath and hardwired control. The chapter concludes with a brief
overview of more advanced concepts in CPU design.

Chapter 11 deals with data transfer between the CPU, input-output interfaces and peripheral devices.
Discussion of a keyboard, a CRT display and a hard disk as peripherals is included and a keyboard interface
is illustrated. Other topics covered range from serial communication, including the Universal Serial Bus
(USB) as an illustration, to I/O processors.

Chapter 12 covers memory systems with a particular focus on memory hierarchies. The concept of
locality of reference is introduced and illustrated by consideration of the cache/main memory and main
memory/hard disk relationships. An overview of cache design parameters is provided. The treatment of
memory management focuses on paging and a translation lookaside buffer structure.

Companion Website (http://www. prenhall.com/mano) content includes the following material:

1. Book sections from the first edition, but not appearing in the second edition,

2. Additional VHDL and Verilog topics, including problems for Chapters 5, 6, 7 and 8,

3. VHDL and Verilog source files for all examples,

4. Solutions for about one-third of all text and Web site problems, and

5. Transparency originals for all complex figures and tables.



Instructor’s Manual content includes suggestions for use of the book, information for obtaining alter-
native CAD tools, and all problem solutions. This manual is available to course instructors from Prentice
Hall.

Because. of its broad coverage of both logic and computer design, with the proper selection of material,
this book can serve several different objectives in sophomore through junior level courses. Text coverage,
described next for each objective in terms of a.3-credit to 4-credit. semester course, can be appropriately
adjusted for other credit and term constraints. Chapters 1 through 9 plus. 11 provide an overview of hard-
ware for computer science, computer engineering, and electrical engineering students in a single semester
course. Coverage of Chapters 1 through 8 in a semester, perhaps with some supplementary material or a
laboratory, provides a contemporary logic design treatment. Coverage of the entire book, with supplemen-
tary material including a laboratory, can provide a two-semester sequence in logic design and computer
architecture. Finally, due to its moderatelypaced treatment of a wide range of topics, the book is ideal for
self-study by engineers and computer scientists.

Among the contributions of many people to this book, feedback on the proposal for the second edition
provided by Cherrice Traver, Union College; David W.Capson, McMaster University; Alexandros
Eleftheriadis, Columbia University; D. D. Freund, California State University- Sacramento; Jim Harris,
California Polytechnic State University- San Luis Obispo; Robert F Hodson, Christopher Newport University;
John A. Rupf, Southern Polytechnic State University; and Yu Hen Hu, University of Wisconsin- Madison
heavily influenced the second edition. A special thanks is due to those providing corrections to the first
edition, notably Professor Stephen Mann and his colleagues at the University of Waterloo, for providing
significant corrections to the CISC processor in Chapter 10.

We thank those at Prentice Hall who have had a role in bringing about this edition. Notable are: Tom
Robbins, for his sound guidance, support and patience, Alice Dworkin, for her help on many details, and
Scott Disanno, for coordinating and contributing to the final text production in record time.

Finally, a very special thanks is extended to Val Kime for her inexhaustible support and understanding
throughout the development of the second edition.

M. Morris Mano
Charles R. Kime
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