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Preface -

 

To the Instructor

 

This book is suitable for an introductory course on computer design at the junior,

senior, or introductory graduate level. We assume that the student has had at least an

introductory course in some high-level programming language such as C or Pascal, and

a semester of logic design. However, a comprehensive appendix on digital logic design,

written by Professor Miles Murdocca of the Internet Institute USA, provides sufficient

background material for teaching the course to students without previous digital design

experience.

Appropriate topics for such a book have changed considerably in recent years, as

desktop computers have evolved from simple, stand-alone units into complex systems

attached to high-speed networks and internetworks. Earlier generations of microprocessors

had almost trivial internal structure. Present designs contain multiple pipelined functional

units with support for multiple processors and memories. Areas of computer design and

architecture that were barely touched upon in the not—so-distant past have become major

topics for discussion. Introductory compiler courses now routinely discuss optimization for

pipelined processors. Users worry about whether they should add level-2 cache memory to

their PCs. Support personnel wearily try to explain to the computer user how to configure

the subnet mask for their network slip connection.

. The topics of pipelined processor design, the memory hierarchy, and networks and

internetworking are moving to center stage in the arena of computer design and archi-

tecture. Therefore we devoted the major parts of three chapters to treatment of these

subjects.

Given the focus on computer design and computer architecture, we approach the study

of the computer from three Viewpoints: the view of the assembly/machine language pro-

grammer, the view of the logic designer, and the view of the system architect.

In covering the topic of gate—level computer design, we follow a model architecture

illinllgll the design process. from the instruction set design level to the processor design

_Lr\vcl. Given the L‘hUlCL‘ of using either a commercial muchinc with ttll ol' the complicth
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communications

full-duplex 571

half-duplex 571

simplex 571

data link layer 577

Ethernet 574

hubs 585

internetworking 574

LAN topology 573

network layer 577

031 layer model 577—578

packet switching 572

physical layer 577

presentation layer 577

protocols

TCP/IP 591—593

routers 574—575

session layer 577

store-and-forward 573

structures 570—571

TCP/IP 591—593

Token Ring 574

topology

bus 573

Ethernet 574

ring 573

star 573

star-bus 574

star-ring 574

Token Ring 574

transport layer 577

virtual circuits 573

nibble mode RAM 557

nibble, defined 2

normalization, floating point numbers 366

Noyce, John 22

NRZ signal encoding 572

NRZI signal encoding 572

null modem 580

number systems 308

complement 316—320

numbers

fixed point 314

nybble, defined 2

O

of 76

offset error—in analog conversion 565

one—address (accumulator) machines 41

open collector logic 72

operand access 36

ORG, assembler pseudo operation 530

org, pseudo operation 54

Index 721

OSI layer model, in communications 577, 578

overflow, calculation of in ALU 357

p

packet switching, networks 572

packets, communications 572

page fault 191

page mode RAM 394

Paglng

in virtual memory 421

parallel buses 12

parallel interface, Centronics 485

Parallelism

instruction-level 280—303

parity checking 498

Patterson, David 9

PCI bus 14

peak bandwidth 475

Pentium 35

performance measurement

calculating speedup 85

Dhrystones 88

flops, mflops 87

mips 87

spec 88

synthetic benchmarks 87

Whetstones 87

peripheral devices 15, 537—557

analog interfaces 537—540

disk drives 537—547  
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display devices 550—558

input devices 560

printers 558~56O

physical address, defined 446

physical layer, in communications 577

pipeline

processor

design

control sequences 161

design technique 148

design, control unit 167

gate-level design of 159

registers 240

WAR and WAW hazards 258

pipelining 24, 90, 212

ALU instructions 244

basic assumptions in design of 239

branch delay slots in 254

branch instructions in 246

classifying instruction set for 241

control signal generation 250

control signals for 242

data forwarding in 261, 265

data path design 246

dependence in 241

multiple bus designs 175

state, defined 9 "

status word 37 1

program counter

definition 6

gate level design 19

programmed I/O, hardware for 477

programmer’s

manual 9

model 7

PROM 396

propagation delay 169

propagation time 70

register addressing 66

register indirect addressing 46, 66

register transfer languages 16

register transfer notation—see RTN

register transfers

using edge~triggered flip-flops 170

gate level design of 19, 66—78

using level-sensitive flip-flops 170

strobe signals 67

register windows 118

register-memory machines 44

register—to—register machines 44

relative addressing 47. 66

relay computer 20

reset. See machine reset 181

ring network topology 573

ripple—carry adders 324, 651

Index 723

serial buses 13

session layer, in communications 577

Shannon, Claude 20

shift hardware 360

barrel shifter 360

Shockley, William 22

signal dispersion 169

sign-magnitude number representation 317

simplex communications 571

skew

clock 169

SMART disk drive technology 547

SPARC 117—132

addressing modes 123

advanced implementations 131

architectural overview 117

background 117

 

design technique 241 protocols, communications 570 RISC insmlcllons 122, 124

i exceptions in 279 pseudo operations VS- CISC? I arithmetic 125

global and local states in 246 dw 54 compller S r016 1“ 92 branCh and Program COMFOI 127
hardware requirements, additional 240 equ 54 deSign philosophy 90 data movement 105

l hazard detection by compiler 263 org 54 philosophy 8 logical and shift 126

hazard detection by hardware 263 pseudo Operations, in assemblers 529 vs. CISC 88 operand types 122

hazards in 256-264 pull-up resistor 72 Ritchie, Dennis 111 pipelining in 130
hazards, branch 263

ROM 395 programmer’s model 118
l hazards, data 257 R

rmate‘ hardware for 360 register windows 120
’ important notice about 244 _ routers registers 120

‘ in SPARC 129 radix I L [587 tagged data type 122
impact of instruction set on 241 complement 318 n eme spatial locality 418
load and store instructions 244 complement, diminished 318 LAN 570 spec (performance measurement) 88
memory requirements 240 conversion 310 network 570 ' . speculative execution 92
overview of 212 radix conversion 313 RS-232 data communications 569—570 speedup, calculating g5

register file structure in 240 RAID disk arrays 547, 547 asynch. frames 579 SPOC 24

SRC design 241—265 RAM data communcations equipment 578 SRC
l stalls 263 cells and chips 381 data link layer 577 l—bus control signals

platters . Chi degi n 381 data terminal equipment 578 ADD, SUB, AND, OR, SHR, SHRA, SHL,
disk drives 538 p ' g h - 1 1 577 SHC, NOT, NEG, C = B,INC4 161- - - cost of 385 p ySlCa ayerpos1tional notation 312

g- 1 577 A”I 160
postscript 559 DDR (double data rate) SDRAM 393 263‘ Ion ayer' BAOu1157

PowerPC G4 decoders, tree and matrix 386 Slgnals and pms 578 C10“, 020‘" 159
fctiwz instruction, complicated in anyone’s book 93 dyanmic (DRAM) 392 RTN 15’ 55 I I C“, m” 160
memory 379 dynamic 390 abstract vs. concrete descriptions 77, 148 C'ON 166

ppC g4 7 nibble mode 394 description of addressing modes 64 CON“. 166

cache design 441 page mode 394 description of MC68000 96 Countln 173
PPC601 Static 382 use in pipelining 246 Decr 165

virtual memory 462 static column mode 394 SRC description 55—64, 687—690 End 163
prefetching 90, 92 . 1] d . 387 symbols used in Got06 165
presentation layer, in communications 577 Statlc’ 06 mg“ Rules of buses 75 Gra, Gib, Gm 157primers 558_560 synchronous (SDRAM) defined 392

mm 156

dot-matrix 558 VRAM 394 S Ld 164
ink—jet 560 raster 552 SD Load 173

r interfaces 558 RCA 21 SECRAM 390, MAin 159laser printers 560 refresh 394
DED (Single error correct, double error detect) MDh 159

POStSCflpt 560 refresh, dynamic RAM 390 S coiling 499 MDming
' procedure calls 9 register 5

emamlc gap 89
MDwr 159
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n=0 164

PC. PCW 156
in”

Rin’ Rnul

1-bus design 149—175

see also SRC l-bus design 149—175

abstract RTN description 55—64, 148

addressing modes

informal description 47

arithmetic and logic instructions

formal description 63

informal description 63

branch instructions

formal description 63

informal description 52

concrete vs. abstract RTN descriptions 148

condition codes, calculation of 357

effective address 58

exception processing 188—190

I/O 62

informal description 47—54

instruction execution 60

instruction formats

formal description 57

informal description 47

instruction interpretation 59

instructions

add 51

addi 51

and 51

andi 51

br 52

brl 52

edi 189

een 189

1a 48

lar 48

1d 48

1dr 48

neg 51

not 51

or 51

ori 51

rfi 189

ri 189

shifts 52

st 48

str 48

sub 51

svi 189

load and store instructions

formal description 60

informal description 47

machine reset

abstract RTN for 182

concrete RTN for 183

microprogrammed implementation 192, 199—204

pipelined design 240—266

programmer’s model 47

registers and memory

formal description 55

informal description 47

RTN description I

arithmetic instructions 61

branch instructions 60

disp 58

instruction formats 57

instruction execution 60

instruction_interpretation 59

load and store instructions 60

main memory 57

nop 62

processor state 56

rel 58

stop 62

VLIW implementation 290

SRC 1-bus design

clocking and timing 167

concrete RTN

add instruction 150

addi instruction 152

hr instruction 153

1d instruction 152

shift instructions 154

st instruction 152

control sequences 162

add instruction 162

addi instruction 163

branch instructions 165

1d instruction 163

shift instructions 164

control unit 167

system initialization 174

control unit, hardwired 171

data path design 154

gate-level design

ALU 160

instruction register 158

MA and MD register design 159

memory interface 159

register file 157

temporary registers 160

hardwired control unit 171

SRC 2-bus design 175

add instruction 175

control signals, Sra. Srb, and Src 175

SRC 3—bus design 178—179

add instruction 178

control signals, GA”, RAW, Gbe, RBDm 179

stack machines 32

stalls, pipeline 263

star network topology 574

star-bus network topology 574

star—ring network topology 574

static column mode RAM 394

static RAM

cell design 387

timing 388

Stibitz, George 20

store-and—forward networks 573

stored program concept 6

stored program optical computer, SPOC 24

strobe signal 67

strobe signals

minimum 169

subnets, in Internet 598

superscalar operation 90

Swift, Jonathan 379

switching fabrics 360

symbol table, in assembler 533

symbols, RTN

syndrome, of Hamming encoded word 500

system initialization 174

T

T (tera), defined 2

TCP/IP network protocol suite 591—593

TDM, time-domain multiplexing 571

temporal locality 418

tera, defined 2

Texas Instruments 23

three-address machines 40

time—division multiplexing 571

timing 167

control signals 76

estimating minimum clock period 168

estimating minimum gate signals 169

gate signal 70

and register transfers 66—78

strobe signal 67

timing parameters

estimating for implementation domain 169

TLB-translation lookaside buffer 453

Token Ring networks 574

tower of Babel 33

traces

MC68000 114

transfer descriptor, USB 579

transport layer, in communications 567

traps

MC68000 114

tree decoders 440

Index 725

tri-state gates and logic 73

Turing

Alan 2

machine 2

two address machines 40

two pass assemblers 534

U

UNIVAC 21

unsigned addition 323

unsigned integer

value of 312

upward compatibility

at binary level 85

binary with exceptions 85

by emulation 85

at source code level 85

USB 587—591

defined. 14

transfer descriptor 589

FUTP, 'Unshielded Twisted Pair 585 .

V

VAX'11 7

pseudo-operations 529 > , ~

vector instructions ’

defined 281

vector processors 281

vector, exception—defined 114

video display terminals 553—557

character generators in 555

video monitors 550—553

bandwidth and resolution 553

color 552

video RAM 394

video, memory mapped 553. 554

views of the computer 3

logic designer’s 16

machine/assembly language programmer’s 5

user’s 5

virtual address, defined 446

virtual circuits, in networks 573

virtual memory 444—465

address translation in 462

defined 444

demand paging 447

disk regime 421

effective address, defined 446

logical address, defined 446
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memory management W

pagng 447 wave pipelinlng 24, 76

.umt 447 . 4 Weiner, Norbert 20 I

mulupmgrammmg 21 Whetstones (performance measurement) 87

page fault 449
Wilkes, Maurice 24

page placement and replacement 454 Wired AND 72

page'tables 450
wired OR 72 '

physrcall :ggress, defined 446 word size 94 «l l
PF"C60 memory vs. CPU 376

primary and secondary levels, word defined 2
l

defined 454 writable control store 203

as a system 4.54 ' write after read (WAR) hazards 257
TLB-translation looka31de buffer 453 write after write (WAW) hazards 257

virtual address, defined 446

VLIW

architectures 211, 281

Von Neumann machine 21

Von Neumann, John 21 z

VRAM 394 Zuse, Konrad 20

write back cache memory policy 466

write through cache memory policy 466
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