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Preface

In this book we cover all basic concepts of computer engineering and science, from digital
logic circuits to the design of a complete microcomputer system in a systematic and sim-
plified manner. We have endeavored to present a clear understanding of the principles and
basic tools required to design typical digital systems such as microcomputers.

To accomplish this goal, the computer is first defined as consisting of three
blocks: central processing unit (CPU), memory, and I/O. We point out that the CPU is
analogous to the brain of a human being. Computer memory is similar to human memory.
A question asked of a human being is analogous to entering a program into a computer us-
ing an input device such as a keyboard, and answering the question by the human is simi-
lar in concept to outputting the result required by the program to a computer output device
such as a printer. The main difference is that human beings can think independently
whereas computers can only answer questions for which they are programmed. Due to ad-
vances in semiconductor technology, it is possible to fabricate the CPU on a single chip.
The result is the microprocessor. Intel’s Pentium and Motorola’s Power PC are typical ex-
amples of microprocessors. Memory and 1/O chips must be connected to the microproces-
sor chip to implement a microcomputer so that these microprocessors will be able to per-
form meaningful operations.

We clearly point out that computers understand only 0’s and 1’s. It is therefore
important that students be familiar with binary numbers. Furthermore, we focus on the
fact that computers can normally only add. Hence, all other operations such as subtraction
are performed via addition. This can be accomplished via two’s-complement arithmetic
for binary numbers. This topic is therefore also included, along with a clear explanation of
signed and unsigned binary numbers.

As far as computer programming is concerned, assembly language programming
is covered in this book for typical Intel and Motorola microprocessors. An overview of C,
C++, and Java high-level languages is also included. These are the only high-level lan-
guages that can perform /O operations. We point out the advantages and disadvantages of
programming typical microprocessors in C and assembly languages.

Three design levels are covered in this book: device level, logic level, and system
level. Device-level design, which designs logic gates such as AND, OR, and NOT using
transistors, is included from a basic point of view. Logic-level design is the design tech-
nique in which logic gates are used to design a digital component such as an adder. Final-
ly, system-level design is covered for typical Intel and Motorola microprocessors. Micro-

XV
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computers have been designed by interfacing memory and /O chips to these micro-
Processors.

Digital systems at the logic level are classified into two types of circuits, combi-
national and sequential. Combinational circuits have no memory whereas sequential cir-
cuits contain memory. Microprocessors are designed using both combinational and se-
quential circuits. Therefore, these topics are covered in detail. The fifth edition of this
book contains an introduction to synthesizing digital logic circuits using popular hard-
ware description languages such as Verilog and VHDL. These two languages are included
in Appendices 1 and J, independently of each other in such a way that either Verilog or
VHDL can be covered in a course without confusion.

The material included in this book is divided into three sections. The first section
contains Chapters 1 through 5. In these chapters we describe digital circuits at the gate
and flip-flop levels and describe the analysis and design of combinational and sequential
circuits. The second section contains Chapters 6 through 8. Here we describe microcom-
puter organization/architecture, programming, design of computer instruction sets, CPU,
memory, and 1/O. The third section contains Chapters 9 through 11. These chapters con-
tain typical 16-, 32-, and 64-bit microprocessors manufactured by Intel and Motorola. Fu-
ture plans of Intel and Motorola are also included. Details of the topics covered in the 11
chapters of this book follow.

« Chapter 1 presents an explanation of basic terminologies, fundamental concepts of
digital integrated circuits using transistors; a comparison of LSTTL, HC, and HCT IC
characteristics, the evolution of computers, and technological forecasts.

» Chapter 2 provides various number systems and codes suitable for representing infor-
mation in microprocessors.

+ Chapter 3 covers Boolean algebra along with map simplification of Boolean functions.
The basic characteristics of digital logic gates are also presented.

+ Chapter 4 presents the analysis and design of combinational circuits. Typical combina-
tional circuits such as adders, decoders, encoders, multiplexers, demultiplexers and,
ROMs/PLDs are included.

* Chapter 5 covers various types of flip-flops. Analysis and design of sequential circuits
such as counters are provided.

» Chapter 6 presents typical microcomputer architecture, internal microprocessor orga-
nization, memory, [/O, and programming concepts.

+ Chapter 7 covers the fundamentals of instruction set design. The design of registers
and ALU is presented. Furthermore, control unit design using both hardwired control
and microprogrammed approaches is included. Nanomemory concepts are covered.

» Chapter 8 explains the basics of memory, I/O, and parallel processing. Topics such as
main memory array design, memory management concepts, cache memory organiza-
tion, and pipelining are included.

» Chapters 9 and 10 contain detailed descriptions of the architectures, addressing
modes, instruction sets, /O, and system design concepts associated with the Intel 8086
and Motorola MC68000.

* Chapter 11 provides a summary of the basic features of Intel and Motorola 32- and 64-

bit microprocessors. Overviews of the Intel 80486/Pentium/Pentium Pro/Pentium
II/Celeron/Pentium ITI, Pentium 4, and the Motorola 68030/68040/68060/PowerPC
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(32- and 64-bit) microprocessors are included. Finally, future plans by both Intel and
Motorola are discussed.

The book can be used in a number of ways. Because the materials presented are
basic and do not require an advanced mathematical background, the book can easily be
adopted as a text for three quarter or two semester courses. These courses can be taught at
the undergraduate level in engineering and computer science. The recommended course
sequence can be digital logic design in the first course, with topics that include selected
portions from Chapters | through 5; followed by a second course on computer architec-
ture/organization (Chapters 6 through 8). The third course may include selected topics
from Chapters 9 through 11, covering Intel and/or Motorola microprocessors.

The audience for this book can also be graduate students or practicing micro-
processor system designers in the industry. Portions of Chapters 9 through 11 can be used
as an introductory graduate text in electrical/computer engineering or computer science.
Practitioners of microprocessor system design in the industry will find more simplified
explanations, together with examples and comparison considerations, than are found in
manufacturers’ manuals.

Because of increased costs of college textbooks, this book covers several topics
including digital logic, computer architecture, assembly language programming, and mi-
croprocessor-based system design in a single book. Adequate details are provided. Cover-
age of certain topics listed below makes the book very unique:

i) A clear explanation of signed and unsigned numbers using computation of
(X2%/255) as an example (Section 2.2). The same concepts are illustrated using as-
sembly language programming with Intel 8086 microprocessor (Example 9.2), and
Motorola 68000 microprocessor (Example 10.2).

il) Clarification of packed vs. unpacked BCD (Section 2.3.2). Also, clear explanation
of ASCII vs. EBCDIC using an ASCII keyboard and an EBCDIC printer inter-
faced to a computer as an example (Section 2.3.2); illustration of the same con-
cepts via Intel 8086 assembly language programming using the XLAT instruction
(Section 9.5.1).

iii) Simplified explanation of Digital Logic Design along with numerous examples
(Chapters 2 through 5). A clear explanation of the BCD adder (Section 4.5.1). An
introduction to basic features of Verilog (Appendix 1) and VHDL (Appendix J)
along with descriptions of several examples of Chapters 3 through 5. Verilog and
VHDL descriptions and syntheses of an ALU and a typical CPU. Coverage of Ver-
ilog and VHDL independent of each other in separate appendices without any con-
fusion.

iv)  CD containing a step by step procedure for installing and using Altera Quartus 11
software for synthesizing Verilog and VHDL descriptions of several combinational
and sequential logic design. Screen shots included in CD providing the waveforms
and tabular forms illustrating the simulation results.

v) Application of C language vs. assembly language along with advantages and dis-
advantages of each (Section 6.6.4).

vi) Numerous examples of assembly language programming for both Intel 8086

(Chapter 9) and Motorola 68000 (Chapter 10).

vii)) A CD containing a step by step procedure for installing and using MASM 6.11
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(8086) and 68asmsim (68000). Screen shots are provided on CD verifying the cor-
rect operation of several assembly language programs (both 8086 and 68000) via
simulations using test data. The screen shots are obtained by simulating the assem-
bly language programs using DEBUG (8086) and SIM (68000).

viii) A concise and simplified explanation of system design concepts including pro-
grammed [/O and interrupts with the Intel 8086 (Chapter 9) and Motorola 68000
(Chapter 10). Hardware aspects including design of reset circuitry and a simple
microcomputer with these microprocessors from the chip level.

ix) A simplified comparison of RISC vs. CISC relating to Pentium architecture which
is comprised of both RISC and CISC (Section 7.3.5). Unique feature of the Power-
PC (Section 11.7.4).
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