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Preface

Motive for Writing This Book

After having published my first book, Computer Networks: Architecture,
Protocols, and Software, friends asked me how long it took to write the book. My
reply was that on the surface it took about three years from beginning to end; below
the surface it took more like thirty years. Yet, my job is not done unless I write a book
on computer architecture and discuss some of the background materials. Most first
generation computer architects are physicists who learned everything about comput-
ers on the job. Second generation computer architects studied the basics in school
and later practiced in industry. My academic training enabled me to read the design
documents of IBM 360 Operating Systems in the 1970s. This painstaking effort
broadened my horizons about real issues, and to this day I feel very much obliged.
In the 1990s, while I studied the blue book on the telecommunication network design
by ITU-T (International Telecommunications Union — Telecommunication
Standardization Sector), I was able to make suggestions for improving the design.

As you may not know, in 1962 I came to this great country without a penny. My
life has changed ever since my late friend Bob Chen convinced me to study comput-
ers. Back then we knew so little about computers and it took us three months to find
out that a compiler is software, not hardware. Today, a compiler can be embedded in
hardware. Technologies come and go, but theories remain. May this book bring you
confidence and success.

Who Should Read This Book

This book discusses computer architectural topics from a beginner’s level to an
advanced level and explains the reasons behind certain computer design. Preferably,
readers should be familiar with at least one programming language and Boolean
algebra. The intended audience mainly consists of:

* Undergraduate students of computer science (the selected topics
in this book can be lectured in 60 to 80 hours)

« Undergraduate students of computer engineering and electrical
engineering

« Professionals in the electronics industry

After grasping the system concepts, readers can proceed to study more topics on
computer hardware, system software, and networks.
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Organization of This Book

This book has ten chapters. The first four chapters cover fundamental computer
principles. Chapter 5 continues the discussion of intermediate level topics and
Chapter 6 describes microprogrammed CPUs. Chapter 7 discusses superscalar
machine principles. Chapter 8 covers vector and multiple-processor machines.
Chapter 9 is devoted to processor design case studies and virtual machines. Finally,
Chapter 10 teaches stack machine principles and the design of a virtual stack
machine. Every computer science major should read this chapter before graduation.
A brief description of each chapter is given below.

Chapter 1 introduces the history of computers, hardware components, software
components, application programs, computer simulation, and the program design
language to describe logic flow. After learning the basics of disk files and com-
mands, readers are ready to run a program on an IBM PC.

The second chapter discusses number systems and basic mathematics in regard
to computing. Topics include positional notation, radix, number conversions, inte-
gers, negative integers, floating points, packed decimals, and characters.

Chapter 3 introduces the stored program concept, instruction format, and basic
computer principles. Topics include opcodes, addresses, instruction register, and
instruction address register. A register transfer language is introduced to describe
CPU operations — instruction fetch and operand execution. Other general topics
include carry look-ahead adders, hardwired logic, microprogrammed logic, hybrid
logic, and software interpretation,

Chapter 4 covers assembly language that is used to describe the internal opera-
tions at the target machine level. The purpose is to develop basic coding skills.
Because of its popularity, the Pentium processor is used as a tool to describe instruc-
tion executions in a computer. Topics include assembly language syntax, machine
ops, pseudo ops, basic addressing modes, looping, and macros.

Chapter 5 covers the common design features of a central processor. General top-
ics include addressing modes, indexing, subroutine linking, interrupts, I/O structure,
/0 programming, software polling, direct memory access, memory mapped 1/O, and
cycle stealing.

Chapter 6 focuses on the design of a microprogrammed CPU using segment base
registers. The execution of microcode is overlapped with target instruction fetches.
Topics include microcode engine, encoding, sequence control, conditional branch,
and unconditional branch. Via a single adder, discussion is given to the algorithms
for unsigned multiply, signed multiply, unsigned divide, and signed divide, as well as
floating point operations.

Chapter 7 covers all the look-ahead, look-aside, and look-behind features of
superscalar machine design. A balanced system allows all the hardware components
to operate in parallel. Selected topics include storage hierarchy, resource dependen-
cies, one-clock shifter, multiplication trees for unsigned or signed numbers,
pipelined CPUs, instruction queues, instruction caches, data caches, decoupled
pipes, and virtual memory.
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Chapter 8 discusses vector and multiple-processor machines. The multiple-
processor machine class consists of multistation systems, multiprocessing systems,
and computer networks. Selected topics include processor-to-processor communi-
cations, intertask messages, protocols, local area networks, and wide area networks.

Chapter 9 focuses on processor design case studies. Examples include the IBM
mainframe, Power PC, Alpha, Itanium, and the reduced software solution computer.
At the end of chapter, we introduce virtual machines and the JAVA engine.

The final chapter continues the discussion on stack machine design. Essential
topics include postfix notation, operator stack, operand stack, S-ops, and the design
of a virtual stack machine.
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acc
ACIA
ACM
adc
AIX
ALU
AM
ANSI
ASCII

BCD
bit
BP
bps
Bps
BU

CACM
CATV
CC, cc

CF
CISC
com
CP1
CPU
CS
CU

DARPA
db

dc, DC
Disp
div
DMA
DMC
dopd
DRAM
DS

Acronyms and Abbreviations

exponential, concatenate

address; auxiliary

accumulator

asynchronous communications interface adaptor
Association of Computing Machinery

add with carry

advanced UNIX

arithmetic and logic unit

access method

American National Standards Institute
American standard code for information interchange
bit, binary digit

byte

binary coded decimal

binary digit

base pointer

bit per second

byte per second

bus unit

carry

communications of the ACM

Community Antenna Television or Cable TV
condition code

compact disc

carry flag

complex instruction set computer
communication; commercial

clocks per instruction

central processing unit

code segment

control unit

decimal; delay; direction; displacement
Defence Advanced Research Project Agency
decibel (decimal bel); define byte

define constant; direct current; dynamic code
displacement

divide

direct memory access

differential Manchester code

destination operand

dynamic random access memory

data segment; define storage
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EA effective address

EBCDIC extended binary coded decimal for information interchange
EC external code

EISA extended industry standard architecture I/O bus
e-mail  electronic mail

endm  end macro

endp end procedure

ends end segment

ENOR exclusive nor

EOR exclusive or

Epb errors per bit

EPROM erasable programmable read-only memory
EPT external page table

equ equate

ES extra segment; external symbol
EU execution unit

Exp exponent, exponential

F flags register

FAT file allocation table

ff flip-flop

fixed fixed point

float floating point

ftp file transfer protocol

g G giga: 109 to measure speed or 230 16 measure memory size
gbps gigabit per second

GC global code

ghz gigahertz

GPR general purpose register
GR general register

hex hexadecimal

hz hertz

1A-32 Intel architecture-32 bits
T1A-64 Intel architecture-64 bits

IAR instruction address register

IC integrated circuit

D instruction decoder; identifier

IEEE  Institute of Electrical and Electronics Engineers
IH interrupt handler

Int interrupt

Internet inter-networking
O Input/Output
IOR I/O register

IP instruction pointer; internet protocol

IR instruction register

ISA instruction set architecture; industry standard architecture I/O bus
ISDN integrated services digital network

ISR interrupt service routine

1U instruction unit
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k, K
km
LAN
LHS
LRU
LSB
LSI
LT
m, M

MAN
MAR
mbps
MB
mBps
MC
MDR
MFLOPS
MIMD
MIPS
MMU
mop
MOS

kilo: 103 to measure speed or 210 (1024) to measure memory size
kilometer

local area network

left-hand side

least recently used

least significant bit

large scale integration

literal table

mega: 108 to measure speed or 220 (1,048,576) to measure memory
size; meter; memory; more; multiplicand
metropolitan area network

memory address register

megabit per second

megabyte

megabyte per second

machine check; manchester code

memory data register

million floating point operations per second
multiple instruction multiple data

million instructions per second

memory management unit

machine op; micro operation

metal oxide semiconductor

MOSFET MOS field effect transistor

MRU
ms
MSB
MSI
mul
MYVS
n
pIR
puPC
us
uIR
uPC
NAM
NBS
NIST
NOS
ns

(0]
Op
opd
org
oS

P
PAS

most recently used

milli (10‘3) second

most significant bit

medium scale integration
multiply

multiple virtual storage

micro

micro instruction register

micro program counter

micro (10“6) second

micro instruction register

micro program counter

network access method

National Bureau of Standards
National Institute of Standards and Technology
network operating system
nanosecond (10-9)

overflow

opcode; operation code; operator
operand

origin, organization

operating system

peta: 213 to measure memory size; parity; program; page number
physical addressing space
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PB petabyte

PC program counter; personal computer; program check; printed circuit
PCl peripheral component interconnection bus

PDL program design language

PE processing element

PEM processing element memory

PF, PFN page frame number

PFT page frame table

PN page number

pop pseudo op

PPU peripheral processing unit
PROM programmable ROM
PSW program status word

PT page table

PTBR  page table base register
ps picosecond (10-12)

R register, real address

RAM random access memory

RCL rotate with carry left

RCR rotate with carry right

Reg register address field

RHS right-hand side

RISC reduced instruction set computer
ROL rotate left

ROM read-only memory

ROR rotate right

RPM revolutions per minute

RS reset-set; recommended standard
RssC reduced software solution computer
RTL register transfer language

S stack; sign; source

SAR shift arithmetic right

sbb subtract with borrow

SC static code

SCSI small computer system interface

SDRAM synchronous dynamic random access memory
Seg segment

SF stack frame

SHL shift logical left

SHR shift logical right

SIMD  single instruction multiple data

SISD single instruction single data

SMP symmetric multiple processor
SOC system on chip

Sop stack machine op; sum of product
sopd source operand

Sp stack pointer

SR status register
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SRAM
SS

SSI
ST
SVC

TB
TLB
TO
TOS
Trans
UART
ULSI
UNIX
USB
USRT

VA

VAS
VC
VLSI
VM

VS
VSM
WAN
WORM
WWW

static random access memory

stack segment

small scale integration

segment table

supervisor call

tera: 212 to measure memory size
terabyte

translation look-aside buffer

time-out

top of stack

transactions

universal asynchronous receiver/transmitter
ultra large scale integration

UNICS (Universal Information and Computing Service)
universal serial bus

universal synchronous receiver/transmitter
volt, virtual

virtual address

virtual addressing space

virtual circuit

very large scale integration

virtual machine; virtual memory

virtual storage

virtual stack machine

wide area network

write once read-only memory

World Wide Web

Zero
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