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Preface

This book deals with computer architecture as well as computer organization and design. Computer
architecture is concerned with the structure and behavior of the various functional modules of the
computer and how they interact to provide the p rocessing needs of the user. Computer organization is
concerned with the way the hardware components are connected together to form a computer system,
Computer design is concerned with the development of the hardware for the computer taking into
consideration a given set of specifications.

The book provides the basic knowledge necessary to understand the hardware operation of digital
computers and covers the three subjects associated with computer hardware. Chapters | through § pres-
ent the various digital components used in the organization and design of digital computers. Chapters 6
through 8 show the detailed steps that a designer must go through in order to design an elementary basic
computer. Chapters 9 through 11 deal with the organization and architecture of the central processing
unit. Chapters 12 and 13 present the organization and architecture of input-output and memory. Chapter
14 introduces the concept of multiprocessing. Chapter 15 discusses a few peripheral devices. The plan of
the bool is tof present the simpler material first and introduce the more advanced subjects later. Thus, the
first eight chapters cover material needed for the basic understanding of computer organization, design,
and programming of a simple digital computer. The last seven chapters present the organization and archi-
tecture of the separate functional units of the digital computer with an emphasis on more advanced topics.

The physical organization of a particular computer including its registers, the data flow, the
mictooperations, and control functions can be described symbolically by means of a hardware descrip-
tion language. In this book we develop a simple register transfer language and use it to specify various
computer operations in a concise and precise manner. The relation of the register transfer language to
the hardware organization and design of digital computers is fully explained.

The book does not assume prior knowledge of computer hardware and the material can be
understood without the need of prerequisites. However, some experience in assembly language
Programming with a microcomputer will make the material easier to understand. Chapters | through
4 can be skipped if the reader is familiar with digital logic design.

New to this Edition
3;:] Subject of Computer System Architecture is possibly one of the most dynamic subjects. Perfor-
1168 of computers have increased phenomenally over the past few decades, while their sizes have

xxi
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Floppy disk, 495
Flops, 353
Flowchart, 167
Flowchart for basic computer, 173
Flynn’s classification, 327
Format effectors, 101
Formula translator (F ORTRAN), 8
Fraction, 98
Frame, 467
Full-adder, 32
Full-adders (FA), 121
Full-duplex transmission, 461
Fuser, 562

G

Gates, 18

AND, 18

exclusive-NOR, 19

exclusive-OR, 19

inverter circuit, 18

NAND, 18

NOT, 18

OR, 18
General purpose register (GPR), 278
General register organization, 266
Generations of computers, 7-9
Gigaflops, 353
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Graphic symbols, 101
Gray code, 99

H

Half-adder (HA), 31, 122
Half-duplex transmission system, 461
Handling of branch instructions, 342
Handshaking, 423, 425-427
Hard disks, 495
Hardware, 193
algorithm, 369, 373, 383
implementation for signed-magnitude
data, 372, 381
implementation, 367
interlocks, 341
lock, 547
organization, 496
Hardwired control, 153
Hardwired control, 238
Hexadecimal code, 150, 195, 197
Hexadecimal number system, 82
High-impedance state, 117
High-level data link control (HDLC), 467

High-level programming languages, 196
Hit ratio, 502

Hold time, 37

Horizontal microprogram, 253

Hub, 470

Hypercube interconnection, 538

I

I/0 command, 418

1/0 port, 421

1/0 processor (IOP), 434
1/O read, 420

I/0O routines, 437

I/O write, 420

IBM 370 I/O channel, 454
Immediate instruction, 144
Immediate mode, 285
Impact printers, 559
Implied mode, 284
Increment, 125
Incrementer, 122

Index registers, 212

Index registers, 212
Indexed addressing mode, 286
Indirect address mode, 286
Indirect address, 144, 160
Industry standard architecture (ISA), 469
Infix notation, 275
Initial sequence of interrupt, 445
Inkjet printers, 560
Input, 41
Input (INP), 222
Input and output processor (IOP), 15
Input carry, 123
Input equation, 39
Input instructions, 290
Input register (INPR), 147, 168
Input-output (1/0), 413
configuration, 167
instructions, 169
interface, 417
organization, 413-472
Input-output processor (IOP), 450-452, 529
Input-output programming, 222
Insert operation, 130
Instruction
codes, 141
cycle, 5, 156
fetch, 344
field, 199
format, 149, 243, 278
pipeline, 337
Instruction register (IR), 146, 153
Instruction set, 194
Instruction set architecture, 3
Instruction stream, 325
Integer declaration statement, 385
Integer representation, 92
Integrated circuit (IC), 8, 55
Intel 8089 IOP, 457
Interchange switch, 535
Interconnection structures, 531
Interface, 417
Interleaving, 352
Internal interrupts, 303
Interprocessor arbitration, 539
Interprocessor communication
and synchronization, 545

Interprocessor synchronization, 546
Interrupt, 434
cycle, 170, 172, 443
external, 303
final sequence of, 445
initial sequence of, 445
internal, 303
nonvectored, 437
parallel priority, 440
priority, 437-438
program, 170, 224-227
return from, 303
software, 303, 304
types of, 303
vector, 437
Interrupt-initiated IO, 433
Inverter circuit, 18
Isolated I/0 method, 420

J

JK flip-flop, 19, 35-36
Jump to subroutine, 300

K

Karnaugh map, 24

Keyboard, 7

K-map, 24
LAY,

L

Label field, 199

Large-scale integration (LSD), 56
Laser printers, 561

Laser scanner, 562

Last-in, first-out (LIFO) stack, 242
Least recently used (LRU), 507, 514, 514, 544
LIFO, 270

Light-emitting diode (LED), 569
Line of code, 204

Load (LD), 147

Load instruction, 289

Local area network (LAN), 9
Locality of reference, 501

Location counter (LC), 205
Location, 196, 509

Logic diagram, 20

g4

Logic gates, 16

Logic microoperations, 125
hardware implementation of, 127-128
List of, 126
Shift, 130

Logic operations, 19, 216

Logical address, 515

Logical and bit manipulation instructions, 293

Logical functions
AND, 18
exclusive-NOR, 18
exclusive-OR, 19
inclusive-OR, 18
NAND, 18
NOR, 18
OR, I8
Logical shift, 130
Longitudinal redundancy check (LRC), 461
Loop buffer, 342
Loosely coupled, 531
Loosely coupled and tightly
coupled computers, 326
Loosely coupled MIMD computers, 327

M

Machine language, 8, 194, 196
Macrooperation, 142
Magnetic disk storage, 8
Magnetic disk, 414, 493-495
Magnetic drums, 8
Magnetic tape, 414, 495
Magnetic tape drives, 8
Magnitude of the numbers, 367
Main memory, 7, 479, 482
Mantissa, 97
Mapping of instruction, 241
Mapping process, 238
Mapping, 502
Mask, 293
Mask operation, 129
Mask programming, 77
Master-slave flip-flops, 19
Match logic, 498-500
Matrix multiplication, 350
Medium-scale integration (MSI), 56
Megaflops, 353
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Memory
address map, 484
address register (MAR), 112-113
address, 112, 149
addressing, 184
hierarchy, 479
interleaving, 352
management hardware, 514-521
management system, 481
organization, 479-521
protection, 520-521
read, 420
space, 509
stack, 273
stick, 491
technology, 487
transfer, 118—119
unit, 73
write, 420
Memory-mapped 1/0, 420
Memory-reference instruction (MRI), 199
Memory-reference instructions, 162
Metal-oxide semiconductor (MOS), 56, 57
Metal-oxide-semiconductor field-effect
transistor (MOSFET), 569
Microcontroller unit (MCU), 570
Microinstruction format, 244
Microinstruction, 236
Microoperation, 111, 119, 244
add, 120
subtract, 120
Microprocessor, 529
Microprogram, 236
Microprogram sequencer, 237, 255
Microprogrammed control unit, 77, 236
Microprogrammed control, 153, 235-257
Microprogramming, 242
Millions of floating-point operations
processed per second (MFLOPS), 10
Millions of instructions processed
per second (MIPS), 10
Minterm, 24
Mode field, 284
Modem, 460
Modes of Transfer, 433
Modified fetch phase, 172
Monitor, 7

Monitor and keyboard, 414
Mouse, 569
Move instruction, 289
MRI table, 206
Multibus, 457
Multiple data stream (SIMD), 356
Multiple functional units, 324
Multiple instruction stream, multiple
data stream (MIMD), 325, 326, 529
Multiple instruction stream, single
data stream (MISD), 325, 326
Multiplexers (MUX), 61, 266
Multiplication algorithms, 372
Multiplication of fixed-point decimal
numbers, 403405
Multiplication program, 213
Multiplication, 391
Multiport memory, 533534
Multiprocessors, 529-553
Multiprogramming, 481
Muttistage switching
network, 535-538 .
Mutual exclusion, 546

N

NAND gate decoder, 58

NAND implementation, 28

NAND, 18, 56

n-channel MOS (NMOS), 57

Negative acknowledgment (NAK), 465

Next state, 41

Node, 538

Non-MRI table, 206

Non-MRI, 199

Nonrestoring method, 384

Non-Return-to-Zero Invert (NRZI)
encoding, 471

Nonvectored interrupt, 437

NOR, 18, 56

NOR implementation, 28

Normalization, 98

NOT, 18

Number systems, 82
binary, 82
decimal, 82
hexadecimal, 82
octal, 82

0]

Object program, 203

Octal code, 195

Octal number system, 82

Odd function, 102

Omega network, 537
One-address instructions, 282
Opcode, 143

Operand forwarding, 341
Operating system, 2

Operation code, 142

OR, 18

ORG, 248

Organization of a computer, 67
Output, 41

Output (OUT), 222

Output instructions, 290

Output register (OUTR), 147, 168
Overflow, 94

Overflow detection, 95
Overlapped register windows, 307

P

Page fault, 514

Page replacement, 513

Pages and blocks, 510
Parafie] afbitration logic, 543
Parallel ATA (PATA), 472
Parallel priority interrupt, 440
Parallel processing, 323
Parity bit, 102

Parity checker, 102

Parity generator, 102

Partial products, 213

Partial remainder, 380
p-channel MOS (PMOS), 57
Peripheral, 414

Peripheral bus, 183

Peripheral component interconnect (PCD), 469

Peripheral devices, 7,413

Photo site, 567

Photoreceptive drum, 562

Physical address, 509

Pipeline and vector processing, 323
Pipeline cycle, 335

Pipeline hazards, 340

Index

Pipeline processing, 327

Pipeline register, 237

Pip::iinirlg, 307, 329

Pixels, 563

Point of sale (POS) machines, 561
Pointer counter, 212

Polish notation, 275

Poll (P), 468

Poll lines, 544

Polling, 438, 544

Pop, 271,272

Ports, 421

Postfix notation, 275

Prefetch target instruction, 342
Prefix notation, 275

Present state, 34, 41

Preset and clear, 37

Primary corona, 562

Primary station, 467

Printed circuit board (PCB), 491, 570
Printer(s), 414, 559

Printing process, 562-564
Priority encoder, 442

Priority interrupt, 437-438
Priority logic, 441

Priority out (PQ), 542

Procedure, 164, 309
Processor, 6
Processor status word (PSW), 454
Processor, 529
Processor’s instruction set, 3
Processor-memory bus, 183
Program control, 295-304
Program counter (PC), 146, 284
Program for multiplying, 213
Program interrupt, 170, 224-227, 301
Program loop, 208 '
Program status word (PSW), 302
Program, 2, 193, 194
Programmable logic device (PLD), 241

583

Programmable read-only memory (PROM), 77

Programmable ROM (PROM), 487
Programmed I/0, 433
Programming arithmetic

and logic operations, 212
Programming languages, 194
Programming the basic computer, 193-233
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PROM, 488

Property of locality of reference, 501
Protocol, 462

Pseudoinstruction table, 206
Pseudoinstruction, 198, 200

Pulse width modulator (PWM), 569
Punch cards, 8

Push, 271

R

r — 1’s complement, 89
r’s complement, 89
Radix, 82
RAID 1 + 0 system, 567
RAID, 564 —567
RAM Technologies, 490
rambus DRAM (RDRAM), 487
Random access memory (RAM), 7, 15, 73,
75-76, 482
Raster image processor (RIP), 563
Rasterization, 563
RDRAM, 492493
Read, 455
Read and write (RW), 552
Read backwards, 455
Read head, 493
Read operation, 118, 500
Read-only (RO), 552
Read-only memory (ROM), 236, 73, 76-77, 482
Ready for data, 427
Receiver, 431
Recursive subroutine, 301
Reduced instruction set computer
(RISC), 238, 304
Redundant array of independent
disks (RAID), 559
Register, 112
address, 279
configuration, 388
indirect mode, 285
load, 64
mode, 285
select, 429
stack, 271
transfer language, 111, 112
transfer microoperation, 119
transfer, 112—-113

Register select (RS), 429

Register-reference instructions, 160

Relative address mode, 286

Replacement algorithms, 507

Representation of symbolic program
in memory, 203

Resolution enhancement technology (RET), 563

Restoring method, 384

Return from interrupt, 303

Return from subroutine, 301

Reverse polish notation (RPN), 275

Ripple counters, 69

RISC characteristics, 306

RISC instructions, 283

RISC pipeline, 343

ROM, 488

Rotate operation, 131

Rotating daisy-chain procedure, 544

Routine, 238

Rules of the language, 199

S

Scanners, 567

SDRAM, 492

Second generation computers, 8
Second pass, 203, 206

Sectors, 494

Seek time, 493

Segment, 515

Segmented-page mapping, 516
Segments, 515

Select line, 457

Selective-clear operation, 129
Selective-complement, 129
Selective-set, 128
Self-complementing, 100
Semaphore, 547

Sense, 455

Sequencer, 237

Sequential circuits, 39

Serial arbitration procedure, 541
Serial ATA (SATA), 472

Serial communication, 459
Serial input, 66

Serial output, 66

Service program, 443

Set of basic operations, 289

Set selected bits, 293
Set-associative mapping, 506
Setup time, 37
Shared memory, 530, 533
Shift instructions, 294
Shift microoperations, 130
Shift operations, 216-217
Shift registers, 66
Signals, 16
Signed 2’s complement representation, 92,370
Signed-1’s complement representation, 92
Signed-magnitude representation, 92
Silicon-controlled rectifier (SCR), 569
SIMD array processor, 354, 355
Simplex line, 461
Simplex transmission, 461
Single instruction stream, multiple
data stream (SIMD), 325
Single instruction stream, single
data stream (SISD), 325
Slave, 447
Small computer system interface (SCSI), 472
Small-scale integration (SSI), 55
SMPS, 568
Snoopy cache controller, 552
Software interrupts, 303, 304
Software routines, 443
Software, 193
Source program, 203
Space-time diagram, 332
Special bits, 239
Special symbols, 126
Speedup to a program’s execution, 328
SR Flip-Flop, 19, 34
SRAM, 492
Stack operations, 277
Stack organization, 270
Stack pointér (SP), 270, 271
Stack, 165
Standard performance evaluation
corporation (SPEC), 11
Start bit, 428
State diagram, 42
State table, 40
Static RAM (SRAM), 482, 487
Status bit conditions, 297
Status command, 419

’ Index

Stop bit, 428
Store instruction, 289
Stored program organization, 143
Stripes, 565
Strobe control, 423
Strobe pulse, 423
Structural hazard, 340
Subroutine, 164, 217-219, 242, 300
call and return, 300
branch to, 300
call, 219
Jump to, 300
linkage, 219
parameters and data linkage, 219
recursive, 301
return from, 301
register, 242
return, 219
Subtract microoperation, 120
Subtract operation, 369
Subtraction, 125
Supercomputers, 353
Superpipeline, 347
Superscalar processors, 347
Supervisor mode, 302
Switched-mode power supply (SMPS), 559
Symbolic address, 199
Symbolic code, 195
Symbolic microinstiuctions, 247
Symbolic microprogram, 249
Symbolic program, 203
Symmetric multiprocessors (SMPs), 548
SYN character, 462
Synchronous bus, 540
Synchronous counters, 69
Synchronous data link control (SDLC), 467
Synchronous data transmission, 428
Synchronous DRAM (SDRAM), 487
Synthetic benchmark program, 10, 11
System bus, 539
System on chip (SoC), 569

T

T flip-flop, 36
Table-lookup, 206
Tag field, 504
Task, 332
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Temporary register (TR), 146
Thermal dye transfer printers, 561
Thermal printers, 561
Third generation computers, 8
Three-address instructions, 281
Three-state bus buffers, 117
Three-state gate, 117

Throughput, 323

Tightly coupled computers, 327
Tightly coupled multiprocessor, 530
Time slice, 544

Timeout, 427

Time-shared common bus, 531-532
Timing diagram, 423

Timing signals, 154

Toner, 562

Tracks, 494

Transfer corona, 562

Transfer in channel, 455

Transfer time, 493
Transistor-transistor logic (TTL), 56
Translation lookaside buffer (TLB), 516
Translation of the symbolic program

into binary, 201

Translation to binary, 201
Transmission example, 463
Transmitter, 430

Traps, 303

True sharing, 553

Truth table, 18, 20

Turnaround time, 461

Two-address instructions, 281
Two-wire control, 426

Types of interrupts, 303

U

Ultra DMA bus (UDMA), 472
Ultra large scale integration (ULSI), 9

Underflow, 387

Unidirectional shift register, 66

Universal asynchronous receiver-transmitter
(UART), 429

Universal gates, 23

Universal serial bus (USB), 469, 470

Universal set of logic gates, 23

\%

Valid bit, 508

Vector address (VAD), 439

Vector operations, 349

Vector processing, 327, 348

Vectored interrupt, 437

Vertical microprogram, 252-253

Very large scale integration (VLSI), 9, 56, 530

Virtual address, 508

Virtual memory, 508— 515

VLSI, 530

Von Neumann’s novel computer
organization, 5

W

Weighted code, 100

Word alignment, 185

Words, 73

Write, 455

Write head, 493

Write operation, 119, 500-501
Write-back method, 507
Write-back policy, 550
Write-through method, 507
Write-through policy, 550

zZ

Zero insertion, 467
Zero-address instructions, 282
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for both the instructors as well as for the students.
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The chapters are clearly categorized for easy understandin g for students and instructors. A good coverage on digital logics helps
the students for beiter understanding on computer organisation.
—V Shanmukha Rao, Andhra Pradesh

Very well written book! Students studying electronics and computer engineering must go through this book to improve their
knowledge of the subject
—M. Chandra Sekhar, Telangana

First of all the addition of a new chapter with all the foundational background required for computer architecture is a great
thought. I am sure that the readers will be all set for a better learning from this book.
—Ravi Kiran Varma Penmatsa, Andhra Pradesh

The inclusion of illustrative examples throughout all the chapters is a very good attempt and will increase the readership and
improve the understanding of the subject.
—S. Ratan Kumar, Andhra Pradesh

It is a great effort by the authors to bring out this new edition by including new advanced latest topics, illustrative examples, new
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Addition of objective questions at the end of all chapters is a big plus.
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The undergraduate students would also get more benefit from the end-of-chapter exercise solutions provided. I strongly appre-
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~—Meeta Singh, Harpana
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