
ST?. %, 1. 

COM PUT :R 
ENGINEERING: 
Hardware Design 

M. Morris (Mano 
Professor of Engineering'-^ 
California State University, Los Angeles 

N achrichtentechn ische Bibliothek 
THD 

Inv.-Nr.; 

/tr.sae4>€ 

PRENTICE 

fv Englewood Cliffs, New Jersey 07632 



CONTENTS 

Preface, ix 

BINARY NUMBERS AND CODES , 
1-1 Digital Computers 1 
1-2 Number Systems 3 
1-3 Arithmetic Operations 7 
1-4 Complements 11 
1-5 Signed Binary Numbers 14 
1-6 Decimal Codes 18 
1-7 Alphanumeric Codes 22 

References 26 
Problems 26 

DIGITAL 
CIRCUITS 28 

2-1 Binary Logic and Gates 28 
2-2 Boolean Algebra 32 
2-3 Standard Forms 38 



2-4 Map Simplification 43 
2-5 Map Manipulation 51 
2-6 NAND and NOR Gates 58 
2-7 Exclusive-OR Gate 67 
2-8 Integrated Circuits 71 

References 75 
Problems 75 

COMBINATIONAL 
SYSTEMS 79 

3-1 Introduction 79 
3-2 Analysis Procedure 80 
3-3 Design Procedure 83 
3-4 Arithmetic Circuits 88 
3-5 Decoders 96 
3-6 Encoders 100 
3-7 Multiplexers 103 
3-8 Standard Graphic Symbols 108 

References 115 
Problems 116 

SEQUENTIAL 
LOGIC 120 

4-1 Introduction 120 
4-2 Latches 122 
4-3 Flip-Flops 126 
4-4 Analysis Procedure 133 
4-5 Design with D Flip-Flops 138 
4-6 Design with JK Flip-Flops 144 

References 148 
Problems 148 

REGISTERS 
AND COUNTERS 152 
5-1 Introduction 152 
5-2 Registers 153 
5-3 Shift Registers 156 
5-4 Shift Register with Parallel Load 160 
5-5 Ripple Counter 165 
5-6 Synchronous Binary Counters 170 



5-7 Other Synchronous Counters 179 
References 183 
Problems 183 

6 MEMORY 
AND PROGRAMMABLE 
LOGIC 186 

6-1 Introduction 186 
6-2 Random-Access Memory (RAM) 187 
6-3 Memory Decoding 193 
6-4 Error Detection and Correction 199 
6-5 Read-Only Memory (ROM) 202 
6-6 Programmable Logic Device (PLD) 207 
6-7 Programmable Logic Array (PLA) 209 
6-8 Programmable Array Logic (PAL) 213 

References 216 
Problems 217 

7 REGISTER TRANSFER 
AND COMPUTER OPERATIONS 

7-1 Introduction 220 
7-2 Register Transfer 222 
7-3 Microoperations 225 
7-4 Bus Transfer 232 
7-5 Processor Unit 238 
7-6 Arithmetic Logic Unit (ALU) 240 
7-7 Shifter Unit 246 
7-8 Control Word 248 

References 252 
Problems 252 

CONTROL 
LOGIC DESIGN ^ 

8-1 Introduction 257 
8-2 Microprogrammed Control 258 
8-3 Control of Processor Unit 260 
8-4 Microprogram Examples 266 
8-5 Design Example: Binary Multiplier 270 
8-6 Hardwired Control for Multiplier 274 



vi Contents 

8-7 Example of a Simple Computer 280 
8-8 Design of Simple Computer 285 

References 292 
Problems 292 

9 COMPUTER INSTRUCTIONS 
AND ADDRESSING MODES 296 

9-1 Introduction 296 
9-2 Address Field 297 
9-3 Addressing Modes 300 
9-4 Stack Organization 306 
9-5 Data Transfer Instructions 311 
9-6 Data Manipulation Instructions 313 
9-7 Floating-Point Operations 317 
9-8 Program Control Instructions 321 
9-9 Program Interrupt 326 

References 329 
Problems 330 

to DESIGN 
OF A CENTRAL 
PROCESSING UNIT (CPU) 333 

r 
10-1 Introduction 333 
10-2 Arithmetic Logic Shift Unit (ALSU) 335 
10-3 Processor Unit 338 
10-4 Instruction Formats 342 
10-5 Microinstruction Formats 347 
10-6 Examples of Microinstructions 355 
10-7 Microprogram for Computer Cycle 358 
10-8 Microprogram Routines 364 
10-9 Control Unit 369 

References 374 
Problems 374 

// INPUT-OUTPUT 
AND COMMUNICATION 37s 
11-1 Introduction 378 
11-2 Input-Output Interface 379 



11-3 Serial Communication 384 
11-4 Modes of Transfer 389 
11-5 Priority Interrupt 393 
11-6 Direct Memory Access (DMA) 396 
11-7 Multiple Processor Systems 400 

References 406 
Problems 407 

MEMORY 
MANAGEMENT «> 
12-1 Memory Hierarchy 409 
12-2 Pipeline Processing 411 
12-3 Associative Memory 415 
12-4 Cache Memory 418 
12-5 Virtual Memory Management 422 

References 425 
Problems 425 

INDEX 427 


