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Computer elements, 28
Computer function, 53-67
Cannputer generalions, 24
Cenmputer instructions, Sew Machine instruc-
Liomy
CrOmpuier memory syslein
overview, - 103
Clomputer modules, B8
Compuler operations, 8
Compater arganization, 647
delinition, 4
laxonomy, GEL
Compuier Science Student Resource Site
weh site, 13
Compuler syslem
themeribe, S0
layers and views, 239
Computer technology, 4-5
Coneatennled asynchronous subactions, 228
Conditional branch
conle example
PowerP(C, 533
IAS compuler, 22
inslretion
tramsler of control operation, 349
instruction prpeline operation, 427
microseguencer, £32
Conditional jump
Pentium conditions, 359
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COE. 24
Cray supercomputers, 679
Cross-howching. 473
Current frame marker (CEM)
LA architecture, 508
register, Séh, 568
LA imstruetion sel, 563
Current window pointer (CWP)
points, 465
SPARL, 495
CWE, it dus
Cyele stenling
DMA, 210
Cyelic shall operations, 347
Cylinders, 1760

1]
Duisv chain, 212
Drata
CD-ROM, 156
[0, 198, 202
movemnenl slorage and processing. 240- 242
Data bils
Invout, 151
Data bus, 70
width, 70
Dt eache first
WIS, 4494
Prata cavhe second
WITPS, A4
Pt ehanniels, 25
[atn communications, 7
Dratn Meoow, 422423
anulvaiy
processors, 38
fedch eyele, 422
indirect cycle, 423
interrupl eyele, 423
Data formatting. 165-167
Drata lines, 7
Data mapping
EAND level O arrav. 179
Data movemenl, b7
instruction 1ype, 333
microelectronics, 28
Pentiom instruction and description, 356
Dt operution
instraetion evele stale, 58
DPatn organization, 163167
Patn paths, S87
conlrel signals, 586
[t prins
PCL signal lines, 81, 82
Drata provessing, 67

—_1

INDEX 7R3

instruction Type. 333
I, 54
microclectronics, 28
DATA READY linc. 216
Diata regsters, 415
Diwia signals
Intel BO85, 591
[Intn spee, 3o
Dt specilation
LA, BS8-559
[ At inslrietion, 542
Puta storage, 67
pnstruetion ype, 333
microelectronics, 28
[Fatn Storage Magaeine
wrls siles, 191
Pt strenm, 645-647
paralle] processing, 36
Data throughput rates. 231
Data transfer
CPL sctions, 343
1AS computer, 22
MMX instroction and description, 360
operalion name and description, 343-34
11 bus, 85
type
bus design, 78
PDDR-SDRAM, 156
Drebmgging exlensions
Pentinm contral register, Sa
[VEET Sewe Dhgeital Eguipment Corporation
()
[Fecimnl and hinary
conversion, TA5-Ta8
Precimul ASCH dumps
blg-cndion processor, 378
Decimal system, 734
Decode instruction
pipchinimg, 425
Descslers, 615
combinational circuit, 711-712
four inputs and sixleen oulputs, 595
i inpuls 8 outputs, 712
Decode stage |
Fnte] BO486, 439
Pevede stage 2
Lite] BEARG, 430
[revocle unit
Pentinm 4 coche orgamzation, 121
Decrement
arithmetic operations, 344
Drecrementer address larch
[l BOES, SRU-504
DED eode, 152-153
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Delaved branch, 437—35, 484
strategy
RISC machineg, 5148
superscalar machines, 518
(O Ho
Delay slot, 484
Demand paging, 263204
Debdorgan's theorem, 697
applying, 709
Bonlean alpehra, 693
Demultiplexer
implementation, 713
Denormalized numbers, 322
IEEE 734,323
Density, 167
Pependencies
ellect, 510
Prosian
Boolean alpehra, fikd
microinstruetion, Al
[dest
[A-nd architecture, 549
Brestination register
T BR32, 634
Device controtler, 204
DEVSEL
POT Bes chata transler, 85
> Mip-Hop
sequential cirewit, 722
[hgital Eguipment Corporation (D), 25,
See alvo PDIP-S; PDP-10: PDP-11
[Jegita] Do, HUGE—75(
Boolean algebra, §94-696
comhbinabion circuits, GUGS- )
pates, UG-8
sequential eireuits, Y20-FH)
Digital versatile disk, See Digtal video disk
[
Digital video disk (DY Dy, 187184
description, |54
Digital video disk recordable (DWVI-RY
deseription, 154
Drigital vides disk rewritable (DVD-RW)
description, 154
Drigital videodisk RO (DD RO )
atorage ilustrated, 188
Dyijkstra’s aleorithms, 374
Direct-necess device, 190
Dircel addressing, 384-385
PLP-10, 359
Lrirect cncoding, 6240
micromstruction, G146, 614
[irection Mlag
EFLAGE register, 442

Direet mapping
cache, 107
cache orpanization, 108
example, 111
techmigue, [11-112
Direct memory access (DMA), 67, 68, U8,
Fshey, 20,21 p=220
hlock diagram, 219
conlipuraticens, 220
function, 217
e, 206
Directory prodocols, 638
Disabled mlermupt, o4
Disables read from time stamp counter
[RIFCSCY instruction, 444
Discrete component, 25
[3isk, See afeo Compact disk (CL¥); Digtal
video disk ([T Redundant Areay
of Independent Disks { ALY
cache, 103, 129
data lavout, [Hi
double sided, 169
fixesl-head, 168
Hoppy. 170
[ormatting
example, |67, 165
Winchester, 1H8
[0 transler tming, 172
layoul methods
comparisoen, 167
magnetiv, lad-17d
movalble-head, 168
nemeemevible, 164
uptical, S
products, 154
paartabilily
disk system, 164
remevithle, 1649
shared
cluster method descnption, Hih
single larpe expensive, 175
single-saded, 1Rt
fwpes, 170
Winchester, 1710
Lrack lormal, 18
writes, 103
[Mak deiwve, 201
components, 1464
purameters, 171
[Msk performanee
deeess lime, 171
prrameters, 171-174
rotational delay, 171173
rotational latency, 171
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seck hime; 171-172
sequential orpanization, 173
fiming comparison, 173
transfer tme, 173
[hsk svstem
head mechanisms, 164
head motion.: 164
physical charaeteristics, 169
platters, 169
sigles, 1649
[Mspatch unat
Power PO Gt 525-531
[Msplacement
acddressing, 386387
Pentium, $ii
morde, 391
[Matributive Laws
Boolean alpebra. 692
(] %
opcodes, 332
[hivision
Moating-point, 357320
integers, 34313
DL Tape
web sites, 14
DL Tape drives, 1849
DA, See Dircct memory access (DAY
Double data rate SDEAM (DS AN,
| 56
Dionble-error-detecting {DED) code,
I52-133
Double sided dhisk, 160
Pouhleword
packed
MM, 359
unsigred
PowerPC, 341
Dionghnut-shaped ferromagneric loops, 138
DRAM, 38
DR A ports
T'T HE0EL, 6300
PEE ports
T1 88001, B30
[ual Address Cyvele
P comman, B3-H7
VTR, 1R, [B7-IR8
L I-1R, 154
[ ROk
storage ilustrated, [RS8
W DWW, 184
[Fvnamic
defined, 134
[wnamic branch stralepies,
435
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Erynamic partitiomng
ellect, 16
[ynamic percentage
operands, 466
Prynamic RAM (DRAM). 35,96, 138
cell 141
characteristics, 139-142

conteoller
el
cvolulion, 29
OTRANEATIONS
advaneed, 154-15%
Irends, 40

E
ERCDC
machine instroction, 338
EBP, 355
Eckert-Mauchly Computer Corpoeration, 22
EDYVAL, 17
EEPROM, 140, 143
Effective address, 384
PowerPC memory management, 275- 277
FELAGS register, 442
BARG, See alsa Intel 80456
five-stape pipeline, 439
B-hit parallel register, 726 =
2CAA interrupl controller, 213, 214
Bed T Moating-paoint
TTRAMNG, 620
HETR microsequencer, See alye Texas
Instruments #8185
11 RREOO, H2D
[ight Queens Problam, 556
B2 repistered ALLL Seefve Texas Inslrue-
menls BE32
TI KR, 624
SEO0 SR, See afsee Texas Instruments 85K
cormponents, 627
Electrically erasable PROM (EEPROM)
deseriphion, 143
memory ype characteristics, 140
Electronie [nscrete ¥ariahle Computer
tEDYAL, 17
Flectronic Mumerical Intearator and Com-
puter {EMIAC), 1@
s path
[A-64 architecturs, 550, 553
EMMS, 446
Emply MMWX State (EMMS), 446
Emulation, 637
Pentinm controf register, 444
Frclian maps
example. 378
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Endinnness
concept, A7T7.-380
propery, 377
ENIAC, 16
ENTER instruction, 355
EMC
1A-Bd. 543544
Fopilog phase
IA-64 pipelining, 361
EPROM, 140, 143, 146
FOLIAL
logtenl Tunctions, 343
Figgual
cimimon fields or Mags, 417
Egual-sise partitions, 254
Frosable programmable read-only memaory
{EPFROM)
deseription. 143
memory (ype characteristics, 140
package illustrated, 146
Error-cormecting vode, 149
Tunction, 149
web sile, 159
Error correction
increase word length. 131
lochnigues, 138, 148-153
Error detection and response
05, 240
Error reporting pins
P sipnal lines, 81, 82
ESP, 383
Pentivm interrapl processor, 448
Eventy
seguences, 92
Exeeption
Pentium, 447449
register
PowerPC processor, 450
Exclusive
MESI protocol, A5%
wrile hil, 662
Execlusive-OR (XOR)
logical functions, 345
Execute instriction. 5458
Execiution
CIEPS dnstrwetion evele, 420
evele, 54
clatn Mow, 422423
deseription. 57
microsaperitions, 551
instruction
pipelming, 425
Intes] BOARG, 4309
microsnstructon,
processor controd, 554

seguencing
RISC advocates, 464
units
Pentivm 4 cache organiztion, 121

Exponent swerflow

floating-pont. 313
Exponent umderflow

Houting- point. 313
Exponeni value

floniting-point number, 308
Expression evuluiation, 374
Fixtended Binary Coded Decimal Interchange

o (EBUDIC)

mnehine instroetion, 338
Extended stack pointer (ESP)

Pentiam intermupl processor, S48
Exlension lype

Pentivm contiol register, 444
External cache, 120
External devices, 197201

block diagram. 19
Extemal interface, 223-232
Extemal memory capacity, 97, 164-191
External memory systems

web sites, 19
External nonvolatile memaory, 102

I
Failwick
clusters, a7
ilower, b
Fatlure monagement
clusters, Ghb-aa7
Fairehild, 34
Fairness intervals, 266
Family comeepl. 462
computer characteristics. 31-32
Fault 1alerince
SMP, 653
Felch, 53
CPLs instriction cycle, 420
and execule instruction, 54-55
Feteh ovele, 21
data Now, 422
micro-operations, 378584
seuenee ol evenls, 579
Feteh din
CPL, 413
Feteh enpine
Haniuim, 568
Feteh mstruction
CPLL 412
papelining, 425
Feich operands
pipelining. 425




Feteh overlap, 424
Feteh unit
Pentium 4 cache organization, 121
Field-programmable Jogic array, 715
FIFD
cache, 117
FireWire, 196, 224-22
conliguration, 225
protocol stack, 266
serinl bus, 224
subactions, 228
wieh sites, 233
Firmware, M1
First-an-firat-out (FIFO)
cache, L17
First time unil
fetch ovele, 579
Five-stage pipeline
RUMEG, 439
Five-stale process model, 232
Fixed-head disk, 168
Fixed partitioning
example, 159
Fixed-point representation, 290
Fixed-she partitions, 237
Flag control
Pentium instruction amd description, 357
Flags, 416
Pentium processor, 44
[rrocessar eontral, G55
Flish memory
deseriphion, 143
memery ype charactensucs, 140
Flexibility
SMP, S
Flip-flops
sequential circuits, 720-721. 723
clocked -1, 722
D, 722
I-K. T2-T
Floating-paint
addition ond subtraction. 316
slivision, 319
execution units
Pentinm 4 instruction-level parallelsm,
527
multiphication, 318
dperation, 115
Pentium data types, 339
PowerPe
deseription, 363
instructions, 363, 531-332
registers
LA instruction set. 563
[l 8847, 620
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unit, $28
Pentium processor, 441
Floating-point arithmetic. 284, 51334
binury
IEEE standard, 322
normalization, 317
significand alignment. 317
subaction, 315
web sites, 324
sero check, M7
Floating-point numbsers, 284
arithmetiv operalions, 213
Biased representation, 308
censily, 311
eaponent vilue, M8
IEEE 754, 314
mantissi, 308
st ficand., MIS
Floating-point representation. 284, 207-313
IEEE 754, 212
nary, 312
principles, 307-312
Floating-point status and control register
{FI'SCR)
PowerPC processor, 450
Floppy disk, 170
Flow dependency, S00-511
FORK, a7
Format, 2408, See alfso Instruction format
binary, 284
Flesck
C13-ROM, 186
it 165167
disk exumple, 167-168
expressible, 310
IAC6d archilecture
assembly language, 545-550
instruction, 547
register, 566
1BM base-16, 311
1IEEE 754, 312,313
IRA control, 200
M OTY- Mandge ment
IAS computer, 19
Pentium, 271
PowerPC, 275-277
LTSt e lion
o taontal, (21
TER MIAL, 626
LSL-11, 24625
Texas Instruments 8800, 628-62%9
Pentiim numerie data, 340
PowerPC register, 453
A2-bit
expressible, 310
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Foremal feant. ¢
Flosting-point, 3048
variahle
branch contraol logic, #1353
VLS implementation
RISC, 477
Winchester disk track, 168
Forward branch
transter-nl-control instruction, 350
4t adder, 714
d-hil intepers
alternative representations, 2848
Eour-way pipelined timing, 453
FPSCR
PowerPC processor, 4500
Fractions
convert from decimal o -hinary, 730-738
Frame, 261
PCT b it transfer, 85
ponter, 355
Free trames
allocation, 261
Fully associative cache organsation, [13
Fully nested
interrupl-drive 10, 213

Function, 3= See adse Bonlean Tunctions;

Loscal functions

compuler, 33-67
control, 7
CPLL 412-457
definition, 3
LidiAL 21T
cnending

ICre st ruction, £20
error-cortecting code, 144
hash, 2bd=205
mstruction sets, A29- 380
[0h -6
mapping, 107-113
microprogrammed contral aoit, G0
aperating system, 238-241
reguirements

comtrol unit, 3835454
swepping, 251
fming diagram, %3

F-unit

La-td archatecture: 343

L

Ciaps, 166
avknowledement, 227
air. 170
interrecord, 154
semmantic, Ha:d

subaction, 227
Cralis, R—OYS

and chip, 29

compuier, 28

digital logic, 966495

lopic, 697

NANTY, 698

ML, G55
Cicneral-purpose registers, 415
Creormerie depiction

Lwios complemant integers, 295
Cilobal variahles

register [ile, 470
Crradual undertlow, 324
Crrant signul, 8754
Crraph coloring approach

illustrated, 474
Crraph coloring problem, 473
Ciraphical symbol, G99
Ciround §ves), 144
Crrosips of Tines

timming diagram, 93
Cruard bits, 320

Hi
Hallwird

sipied

PowerPC, 341
umsigred
Powerl®c, 541

Halad

rocess siale, 232
Hammang, Richard, (49
Hamming code

crror-correcting codes, T49-1310
Hamming SEC-2EC eode, 153
[lard disk drive parameters, 171
Hard tailure, 148
Hardf ol microprogramming

microinsiraction, alo, G149
Hardwiure approaches, 52
Hardware failurse

mterrupl ¢lass, 38
Hardware solutions

prarallel provessing, G3R-H30
Hardware transparency

gache design, 118-11%
Hurdwared contral unit. 607
Hardwired implementation, 594297
IMardwired program, 51
Hash functicn, 264265
Hash lables, 264-263
HCA

InfiniBand, 229




Header
CD-ROM, 186
Head mechanisms. 170
disk svstem, 169
Head ¢
disk system, 169
Hewleti-Packard PA-RISC architecture, 542
Flexadecimal digits, 738
Hexadecimal notation, 55, 738739
Hligh availability
clusters, fid
High-level languages (TILL), 464, 475
aperalions
relative dynamic frequency, 130
wieghied relutive dynamic fregquency, 405
suppo], (38
Pentivm instroction and description,
156357
High-performance computing {HPC). 106
Hit ratio
twao level memories, 134, 135
HLL. S¢¢ High-level languages (HLL)
Hortzonial microinstruction, o -602_6l6.
619
formal, 621
Horizonlal microprogramming approach, G
Flost channel adapter (HCA)
InfiniBand, 229

HPC, 1(%

Human readable, 197
I

1A=t

with siles, 560

| A-64 architecture, 341-369
application regsier, 56d, 565
msirnction format, 347
instruction st architecture, 363-508
imstruction type, 5440
organwation, 54-346

illustrated, 345
predication, speculation, and soflware

pipelining, 346563

regisier format, 366

IAS compuler
mellress modily, 22
anthmetie, 22
cunditional branch, 22
dita transler, 22
Espireded Strocture, 20
inglruction set, 23
memory, |9
Memaory Formats, 19
aperation Nowchart, 21
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strpeiure, I8
uncomditional branch, 22
[TM 2], 433
IBM 700
wich siles, &4
TN 00000
cxample members, 26
T3 3033, 614
CAR, 614
comtrol pldress register, B14
design, G118
microinstiruetion control fields, 626
microinstruction execution, 633
microingrucion format, 6o
sequencing and branching tields, 626
IR
vector Pncility, GR0-H87_ 681
thmetic and logical istruchons, 686
repisters, Hid
1BM 7004, 25
configaration, 27
1BM baise-16 formad, 311
IBM 57360, AM-32, piX). 614
charactensncs, 31
13N 57370
archileciure, 5, 681-682
data transler instructions, 33
data transler operations exampld, 344
[HM 5380
mrehiteeture, AL, pE2
RNATSIECETS Ty
wizh sifes, 324
SMP conliguration
ciche hit rale, 156
woh siles, 324
M vector architecture
arganization, GRl-6Hs2
I0M vector tacility
compound instroction. 683085
IBR, 20
ldentification flag
EFLAGS e
Identifics
process control block, 252
ledentity elements

r, 442

flesting-point numbers
interpretation, 314

formals, 312
parameters, 313

standard. 284
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INDEX 791
Reead ard Write MIPS, 430-494
PCT command, #4 opeTalien
schaduling, 230, 236 conditinnal hranch, 427
slatus information timiivg disgrams, 426
process control block, 252 Povseor PO a0H, 531532
Lechmigues, 205 RIS, 474
wrile twa-stage, 425
Frus comtral lines, 70 [nstruction pipelining
Ins registers speedup factors, 432
SPARC, 4495 [nstruction pointer
Insticute of Electrical and Flectromics Fogi- [ A-64 instruction sel, 563
neers. e [REE Pentium interrupt processor, 445
Instrugtion address Fentium processar, 441
calculation [nstruction prelfetch, 424
instruction cvele states, 37 Instruction prefixes
utilization, 333 Pentium, 44
Instruction buffer register (TRR), 20 Instruction register, 20, 53, 54
Instruction evcle, 21, 54, 420423, 592 data flow, 422
code imstroction exccution, 416
micra-operations, 542 machine instruction, 332
DA and interrupt breakpoints, 219 micTo-nperalions, 57379
Mlowehart, 583 processor controel, 585
illustrated. 420 Instruction representation
wilh inlerrupts, al machine instruction, 332-333
micro-cpaerations, 552 Instruction set
state diggram, 37, 63, 331, 421 characteristics and Minctions, 329380
Instruction execution AP
characteristics, 403 467 IA-64 architecture, 548 *
RATES, 45 MIPS [ series processors, 486185
Instruction tetch aperations, 342
instruction cvele staces, 7 similar or identical
seccrned hall Family members, 31-32
MIPS, 494 SPARC, 408
Instruction feteh first hall vector archilecture, GE3-6E7
MIPS, 494 Instruction stream
[nstruction format, 332, 395404 parallel processing, 646
[A-pd architecture, S46-347 Instruction tvpes, 333
YIS, 4584 Instraction window, 515
PExp-5, 308 Instruction word, 14
PLRP-100, 394 Integer
PLXE-11, 000 converl from decimal 1o binary, 7353736
Pentinm, 40d4-406 Pentium data types, 334
iNMastrated, 405 Inteper arithmetic, 291307
Povaer PO, 406408 PowerPC instruction and deserapion, 363
RIS, 477 Intepger processing chip
SPARC, 4UE-500 THE SRR, G249
[nstruction issue policy Inteper representation, 285
instrnction-level parallelism, 512-514 [nteper unil, 528
[nstruction length, 3493 Pentivm processor, 441
[nstruction-leve] paratlelism, 308 511-312 [nteprated circuits, 25-33
[nstruction operation decoding fechnoloay, 34
instruetion cycle stales, 37 [ntel. See adse taniam; Pentinm
[nstruction pipeline. 412, 424-440 PO T0-R0
Itel Hikban, 44849 RODEAM. 156
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[ntel 8085, 558304
CPL
bk diagram, 549
external signals, 541
DU instruction
liming diagram, 593
pin configuration, 3492
Intel sO450
decode slage 1, 439
decode stage 2, 434
cxecution, 430
instruchion pipeline, ddii—d49
pipelining, 439
write back, 439
Intel B20C554
interrupt controller, 213, 214
programmable peripheral interface, 213
ilustrated, 215
Intel Developer's Pape
weh sites, 45
Incel IOy modules and architectare, 233
[ntel microprocessors
evalulion, 35-36
Interactive svstem
08, 241
Intercompection siruciuresy, -t
Incerface contral pins
PO signal lines, 51, 82
Interfaces
Iypes, 223224
Interlenving
multiprogramming, 68
Intermediate quene, 237
Internal bus
LI 5HH
Internal CPEL 413
Incernal memaory, 47
Internal processor organization, 585559
Internal strscture
of computer,. 7
International Reference Alphabet (1RAD,
| St 200
control characters, 2060
defined, 199
encoded characters, [99
mechine instruetion, 338
Interpret inslruction
CPLL 412
Interrecord gaps, 159
Intetrupt, S8-Hi
butch O5, 245
changes in memory and registers, 211
classes, b
CPL s instruction cycle, 420

ancl nstruction cvele, 549
Pentivm, 447
process, 255
preckgramm [ow of control
without and with, i
Interrupl Acknowledgs
bis controd limes, 71
line, 213
PCT command, 84
[nterrupt contred
R2C59A, 213,214
Inte] BO8S, SR0-504
[nterrupt cyele, 34
dlata tlow, 423
micTo-operalions, JR0-351
Intervupt-drive 1O 19, 204 205216
drawhbacks, 216-220
inpud, 20l
[nterrupt cnable/disable
common felds or flags, 17
Interrupt enabhle Thig
EFLAGS register, 442
Interrupt flag
Pentium mrerrupl processor, 448
Interrupt handler, 62
Pentinm interrupl processor, 448
Proreacr PO, 4530457
routing, ]
Interrupt [0
design issues, 212214
Interrupl pins
POT sipnal lines, 51, 83
ltertupt processing, 2060-211, 447349
ilhestrated, 209
Popwer PO 432456
types. 432454
Interrupl-related stenals
Intel #ia5, 591
Interrupt reguest, 213, 216
bus control lines, 71
gignal, 5%
Interrupl return register
T'T BRI, f50
Interrupt testing
L5011, 63
Interrupt vector Lable
Pentinm intermapl procaessor, 448
Inwalid
MESL protocol, 629
Inverse elements
Boolean algebra, dU5
Invericd page table struclure, 2Hd4-205
Inwvoked
call instructions, 331




T3 See Inputfootpat (14
Oy address repister ([FOAR]), 52
FOAR:52
TCRPLL, 442
EOr privilepe flag (TOPL)
EFLAGS ropister, 442
[RAL See Tnternational Reference Alphabet
(1RA)
[RIY
PCT bus data transfer, 85
Isechronous
link layer, 227
packets, 228
subactions, 225
[aclated 150, 207
Itaneum
I A=, 543-544
arganisation, AER-50
prefeteh copine, 568
processar, 156, 568
OrRAizaion, 564
web sites, 564 570
I-tmil
L=t architecture, 545

i
JCL, 244
I-K Thp-Tlop
seguentinl circuirs, 723724
lob, 250
015 prohlems, 243
Jobrcontrol languape (TCLY, 244
JOHM mstruction, 676
JOIN N, 670
FEAG houndary scan pins
PCI signal lines, 81, K3
Jump
instructions, 4&d
MIPS, 487
SPARC, 497
trapster of control eperation, 349
Pentinm conditions, 339

K
Earnough muaps
Boclean expression, 71
use, 702, 704
lernel, 241
phase
[A-6d pipelining, 561
Feyboard/display interfave
BICEEA 217
Kevboardimonilor, 195
Eoway set associative cache arganizatlion, |16
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K-way sel assoctalive mapping, 114-113

L

LANS
system bus, 72

Laarpe regester Gl
1y, cache, 471473
charactenstics, 471
e, AB7—173

Last-in-first-cut (LIFCY)
(uene, dEs
stack, A7)

Latency, See alse Access time
memory, 98

Lavered protocol architecture
link, 231
network, 231
physical, 231
transport, 231

1.1 cache
CONESENeY, Hnd
PovweerPC, 123

1.2 cache
consistency, find
PowerPC, 123
SMP, pad—h5n

L3 cache
SMP, 656

Leading edge, 92

Least fregquently used (LEUD
cache, 117

Least recently nsed (LEL
cache, 115

[.FL]
cache, 117

LIFC 371, 388

Lingar address
Pentium memory management,

¥ =273

structure, 273

Line siz
cache desien, |19

Link
InliniBand, 229, 23]
lavered protocol architecture, 231

Link laver
acknowledgment, 227
acknowledgment gap, 227
arbitration sequence, 227
asvnchronos, 227
FireWire, 225, 227-228
isochronous, 227
packet transmission, 227
subaction gap, 227
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Link register
PowerPC processor, 450
Little-eridian fashion, 330, 376380
Lamac
architecturs
PowerPC, 3492
cluster balancing, 667
imstroction, 450
instructions, M
MIPS, 487
PowerPC, 303
SPARC, 447
apoodes, 332
speculative
[A-fd, 551, 554
Local area networks [ LAMNs)
system bus, 72
Locality of reference, 102
two level memorics,
20-131
Wel papges, 131
Locals
SPARC, 494500
Local scalar variables, 467
Lacation, 97
Lopic
address, 261, 262, 269
data
machine mstruction, 3383349
aates, BUY
instruclions, 354
MMX instruction and description, 56
operation name and description, 245-547
Pentinm instruction and description, 356
shift, 343
PowerPC instruction and description, 363
Lasgical Tunctions
AMNL, 345
FOUAL, 345
exclusive-0R (O 345
MO gperation, 345
QR M5
Logical operations, 345
CPL actions, 343
LIs-11, 624
vt -term gues
process, 255
Leng-term scheduling, 230,
il
Loap butTer
branch, 433434
ilustrated, 434
Loop Trace
soflware pipelining example, 302

Lower level memaory, 131
LRU
cache, 112
L51-11
vontrol unit
arganizalion, GA2-hH24
dostgn, dlE-6149
imterrupd testing, 615
MIB. 623
microinsiruction, 624
EXECULon, B22425
Formal, 24, £25
segiencing, 614
wpeode mapping, 14
subroutine facibite, A14
AT imstrweticn, 500

M
Melachine check enahle (MOT)
Pentivm conntrol register, 446
Mlachine cyeles
delined, 476
instrugtien cycle, 592
Ylachine instruction
characteristics, 330-337
clements, 331-332
sl
Wilkes example, 607
Maching organizations
specdups, 518
Machine parallelism, 511-512, 517-518
Mduchine readable, 197
hAaching state resister (MR, 379
PowerPC, 453156
hlagrnetic-core memuory, 34
Magnetic disks, Lad—174
delinition, 164
Magnetic read and write mechanisms,
tad—1as
Belignene tape, [E9-1490
features, 1)
Magneto-optical slorape, 164
Magnetoresistive sensor, 165
Mainframe, 31
SMP, 653
Main memory, 9, 52
machime mstruction, 331-332
Mantissi
faating-point number, M8
Mapping, See el Direct mapping
associative, 112, 114
cache, 107, 109
dlata
ALY level O arrav, 179
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funclion, 107-115 ()5, 256254
instruction sel Pentium, 337
LA-64 architecture, 548 SKP, 653
k-winy sel gssociative, [14-115 AYsLEmm
opende twor feve] memories, 1240 :
L51-11, 614 Memory-mapped i
Penoum WX [ACy, 2002017 }
registers, 447 faclated 1O, 207-208 ]
sel associative, 112-113 Memory module, 52 I:
pwo-winy sel associative, 117 Memory package pins and signals, 146 '
MAR. See Memory address register [MAR) Mermory pointers
hlaskable inlerrupts privcess control block, 252
Pentium, 447 Memoary profection [
Matrix multiplecation Batch {35, 243 !
vector vompulation, 675676 Memoary read '
hbachly, 17 bus control lines, 7
MBR, See Memory bolfer repister (MBR) Memory read and write
[-Mbyte memory organizgation, 144 PCL command, 54
MOGRN Memory siee
exnmple similar o klentical
lustrated, 419 family members, 32
MCE Memary subsysiem
Pentivm control register, 446 Pentivm 4 cache organization, 121
Medivm-term scheduling, 250, 251 Memory systes
L mepahil DIRAM characteristios, -4
ilustration, 145 Mernory-to-memary, 478
hemary, 32 Rl iy o processor i
intereannection, Hi interconmection struclure Iranslors, oy
LAY inatiated symbaols Maemore-transter length, 395
[nie] ROKS, 5t Memaory unil
Yemory address parallel processing, Gdh
Peaitiam 4 instruction-level parallelism, 326 Memory wrile
Memory address regisler {MAR), 20, 52, 53 bus control lines, 70
data Tow, 422 invalidate
instruction execution. 416 FCT command, &4
micro-operdtions, STH-5749 MESI
Memory bulfer register (MBI, 20, 52, 53 cache line states, Ho0)
data flow, 4272 prrvtocol, G54-6n3
msiructhion execution, 416 state transition diagriom, fi)
micro-operalions, 37578 hcthod of accessing
Moemory capacity, 99-113 units Gldata, 98
Muemary card Mothod of arbiteation
SKIP. 634 bus design, 75
hlermory cell MIB, #22-023
conmpuler, 28 Microdiagnostics, 638
operation, 139 Mlicroeleclronics, 2728
Memory cycle time, 25; S04 Microinstroction, 388, sH-R(3
Memaory formats address peneration technigues, H13
LAS computer, 14 cnceding, 19622
Memory higrarchy, 96, 99-103 crecution, GOY, H15-A2R
Hustrated, 100 Fovrmal, a1 —an2, 621
Memory instructions, 334 B0, B2 E-6IY
Memoryless circuits, 715 IEM 3033, 624
Memory management, 245 LA5[-11, f2d-n2a
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Ricroinstruction fcons |
interpretation, 602
serjueneing, Hlbv-nla
Aprecinim
characteristics, G185
terminology, 6L5
taxonomy, fla-alY
Mhcromstruction bus (MIE ), 622625
L&I-11.623
Micro-operations, 577583
active ganlral signals, 547
Pentim 4 instruction-level paraliclism, 526
queuing. 326
scheduling and dispatching, 326
Microprocessor, 34-36
design amd layoul, 480
register organizations
example, 415
iMustrated, 419
speied, 37-5H
Microprogram, 597, pO1
adviantages and disadvantapes, 607609
applications, 637634
description. GO0
lamir g, w01
Microprogram counter (MPC)
TT =00, 630
Microprogrammed control, B00-R3%
hasic conce pis, GI0-RE
microinsirecion execution, bI5-426
micredinstruction sequencing, Hiv-n13
TT 8800, 627-637
unil, 462, B3-A05
dlescription, ik
functioning, Gl
Microprogrimmed implementation, 9
Microsequencer, B2E-633
control, 632
Texas Instruments 8518, 629, £31
microimstruction hits, £33
BATRATY, RA5—047
MIPS
addressing mode
synthesizing other addressing modes, 490
instruction tormats, 454
FADOG, 4Rn—4t
R-Series instruction SET, 487
MISI3, p5-6a7
hditsutnsha
CORAM, 159
M mnic
IA-6d architecture, 544
Mode field, 384
Modified

MES] protocol, B51
write hit, H62
Modified, exelusive, shared, or invalid,
frat-nnd
Mod Bim
Pentivim, 4ikd
Module organization
semiconductor main memaory, 147148
Monitor, 243
Monitor coprocessor [ MEP)
Pentiwm control register. ddd
Moore, Gordon, 29
Mloora's Law
comseguences, 3
web sites, 4
Bdortivaticin
IA-6d, 545544
memory, G707
Pentivm, 343-54
Slotorela G0, 465
Moweable-hoad disk, 168
Move Characters (M) instructhon, 470
Move data, ¥
Move instruction, 343
niP
fentium conirol register, 444
M
T'1 RACL, B350
Ky
opuodes, 352
MSR, 379
PowerPC, 454450
Multilevel eaches
cache design, 119-120
Multiple-bus higrarchies, 72-74
Multiple execution unils
LAl
Targe numbers, 344
Multiple mstruction mulliple data (MIMIY)
parallel processing, 6440
stream, 643047
Multiple instruction single data (MIS1)
stream. 6l5-nd7
hlultiple interrapts, Hd-60
lines, 212
Multiple processor, 4062
organization, od5-od7
Yultiple sireams
pipeline bramches, 431433
Multiplexer
cligital ogie, Hit- 711
implementation, 711
il
L progrinm counter, F11




representation
4-1-1,. 710
truth table
d-to-1, 710
Multiplexor, 25
block, 222
bt 222
channel, 222
Multiple zone recording
deseription, 167
illustrated, 167
Mlultiplication
Noating-point, 317320
twos commplement, 2494304
rlultiphicr quatient, 21
MULTIPLY-AND-ACCUMULATE, A8
MULTIELY - AN ID-A T instruclion, AE3
MLILTIPLY - ANDSUBTRACT instruction,

(i
hlultiplvidivide insouctions
MIPS, 487

Multipeint configuralions, 224
Multiport memory, 632
ahdP, 651
Multiprocessor, 643
aperating system design considerations, 532
tightly coupled, 644
Multiprogrammed batch svstems, 246248
Multiprogramming, £48
detined, 246
example, 247
005,242
elements, 233
resource ulilization, 244,
249
Multitasking
dlelined, 246
M-unit
[A-6d architecture, 545
MUIKZ-MLIKD
micrisequencer, H33
MWL instroction, 479

M
MNANDY palcs, 69
MANDY implementations, 704
MaT hit
1A-64, 554
Mear potnter
Pentium data types, 339
Mepation
arithmetic operations, 344
integer, 24
fwos complement, 287
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Megative overtlow, S04
Mesrative underflow, 308
Mested nterrupt processing, 66
Mesled procedures, 352
Mested 1ask lag
EFLAGS repister, 442
Mesting ol procedures
cill instructions, 331
Mitwork
Prus-switching adapler
S, 654
layered protocol architeeture, 231
local and wide area, 72
single virtual clusters, 664
Mew
process state, 252
Mext operand refercnce
maching instruction, 331
Mext sequential address
L5[-11, 614
Mo comnect pai, 147
Monbranching mstructions
utilieation, 335
Moncacheakle memory
cache design, 119
MNonmaskable inlerrepts
Pentium, 447
mNonremovable disk, 168
Sonunilerm memory access {0 ALL
ERL R ]
description, Hhdi
prces o cons, BT
systems, i
NOHOIP, 45 —185
MOHE pates
s, LY
MR implementations, 706
Mormal branch, 4454
Murmalization, 320
Moting-pavind arithmetac, 317
Mormaled number, 304
MNOR 5-R lateh timimg diagram, 722
ot a Thing {NaT) bit
LA-0d 554
MNOXT aperalion
lopical functions, 343
Mot write through
Pentinm control register, 444
Mucleus, 241
MLEIMA L See Nonunilorm memory aocess
[NUMA)
Mumbiers. See afso Floating-point numbers
AL 234
address
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MNumbers fcont. j
muchine instruction, 334-336
addressing mode. 396
binary syslem, 255, 734-733
denormalized, 322
IEEE 754, 32
larpe multiple execution unils
LA, 544
maching instruction, 337-333
nperinds, 3
Pentium 11 segmentation, 270
al register sits, 3497
Mumber systems, 7347309
binory system, 285, 734-735

comverling between binary and decimal,

T35-Ti8

decimal syslem, 734

hexadecimal notation, 738-739
MNumber word, 19
Mumenc

Pentiuvm processor, 441
Numerc ermor

Pentium conlrol register, 444

(4
Onechip cache, 120
One-digit packed decimal incrementer
truth lable, 706
[ 28-bit bundle
LACha urchitecture, 54
Cne instruction per evele, 4760477
Cne level memory, 125-124
[-MPyte memory arganization, 148
Odpeonde, See Chperalion code
Operand, 330
address calculation
instruction cyele states. 57
fetch
instruction cvcle state, 38
instruction execution. 466
number, 396
reference, 382
HISC advocates, 464
shee
Pentium, 4k
§lore
imstruction evele state, 58
types, 337-339
Ohperating
CPL aetions, 343
enviromnment, -7
instruelion execution, 464—466
Iypes, 7. 341-354
Operating system (O8], 2358276

delined, 238
design msues, Givh-biT
abjectives mwd Munctions, 238-241
scheduling, 250
similar or identical
tamily membars, 32
suppart, Hi8
types, 241250
weh sites, 277
Operaling System Resource Center
wih sites, 278
Oyperation eode, 330
marehine instruction, 331332, 332
maping
L5111, n14
Pentium, 4k
Oiperations performed
RISC ndvocales, 464
Optical disk, W6
products, 154
Optc] memaory, 154
Oplical storge
field
wih siles, 191
technology, 16d
Owptical Storage Technology Association
wih sites, 191
Optimization Lask, 473
Optimized delived branch, 454
R
log el Tunetions, 345
Chrdlingl
Pentitm data types, 339
Chrgunization
CO-MUMAL671-673
design issue, 99
IBM vector architeciure, oil-nRl
Orthagonality
PDP-10, 359
PIYP-1 1, 40K}
08, dee Operating system (OS]
GSEL
microseguencer, 32
€8 Wehb
wih sites, 278
Culol-order
exRecurion logic
Pentinm 4 enche organization, 121
sssue with out-of-erder completion,
515-516
Chutput, See afvo Inputioutput (1/03)
comtrals
micresequencer. 632
dependency. 513




enable pins, 144
select
micrscguencer, a2
Cluts
SPARC, 49450}
Ouls regisiers
SPARL, 495
Owerbr, 93
Overflow
common felds or Maes, 417
Overflow rule, 293
twos complement, 287
Chverlapping
AEERITIEE
combination cireuits, 705
mulliprogramnming, 648
register windows, 469

r
Packed BCI
Pentinm data types, 339
Packed doubleword
MMX, 350
aekediunpackesd
micromalruction, Blh, 619
Packed word
MMX, 350
Packel byte
MMX, 359
Facket transmission
Ik layer, 227
PALIEN inslruction, 36l
PAE
Pentium control register, 446
Page, 261
directory enlry
Pentium memory management, 271-273
fault, 263
Irames, 2461
Page global enable (PGE)
Pentium control register, 436
age siee extensions [PSE), 273
Pentium vonlrol register, 446
age tahle
entry, 271-277
M IONY MRAgement
Pentium, 262, 271273
PowerPC, 275-277
structine, 264-2n0
Paging, 261
aperating, 267
Pentium control register, 444
Pentium 11 segmentation, 270-273
Parallelism
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ALL
veclor compulation, 676678
clusiers

application, b67
compiler. G677
computation, 667
LA-64, 504)
aned MMX instruction sct. 361
urginisalion, Gli
recording, 189
anel serinl 140, 223
Parallel processing, G42-6E7
archileciures
Tisonaomy, Gt
coche coberence and MEST protocel,
fSh-if
clusters, Hh3-H6Y
ditinition, K749
muiltiple processor organizations, 6d3-647
nonumifonm memory access, G70-673
symmelne multiprocessors, 647-H56
svslems Dypes, 645-647
Vecton computaiion, 674657
Parallel registers
scyuential circuits, 725
Parametrie computing
clusters; BT
PA-RISC architecture, 542
Partinl remainder, 314
Partitioning, 257-26(
Passive stond by, 663
cluster mathaod descriplion, BES-6Had
Patterson programs G3000, 465
Patterson study, 460
PO, Bee Program counler (PO}
i & B
Pentium control register, 446
ML See Penpheral component inlerconmect
{1
PRP-R, 3213, W70
b structure, 33
evolution, 33
mstruction formal, 398
PEM- 1(h, 30k
completeness, 3949
vt wdldressing, 399
instruetion format, 399
arthogonality, 309
PLIP-L1, 465, 614
lamily, 622
instruetion, 400-402
example, 56-57
mstruction format, 41
arthogonalily, 40K
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Pee
[A-04 architecture, 568
Fentium
dcddressang modes, 384-3472
caleulation, 350
dcldress siwe, 404
assembly program. 336
base mode, 391
callreturn instructions, 355
condition codes, 357, 258
control registers, 444
displacement, 406
displacement maode, 291
hase, 391
hased scaled index, 342
hase with index, 392
seialed index, 302
evolution, 4143
exception, 447
lable, 449
immediate, 406
medle, 384
instruction prefives, 404

interrupls, 447, See afvo Pentium mterrupl

]}ri!ll.'l_"!ﬂ";iﬂ'l'.
maskable, 447
nonmaskable, 447
vector table, 444

memery management, 357
Maad Bim, 404
oponde, 404
operand siwe, dd
regisler operand mode, 384
registor arganization, 44441
refative pddressing, 392
segrmnent override, 404
S1B, 4060
wieh siles, 44
Pentiwm conditions
conditional jump, 359
SETee instructions, 3534
Pemtinm control registers
alignment mask, 444
cache disable, 444
debugaimg extensions, 444
emulation, 444
extension type. 444
hMOCE., ddi
P, 444
not write through, 444
NI error, 444
PAL, 446
paging. 444
PCEL 446

e, 444

PO, 46

phvaical address extension, 446

PSE, 4t

Pyl 444

Lask switched. 444

WAL, 444

WL, 2

Bentium data 1ypes, 339-341

BT, 354

bt Field. 330

hvie siring, 339

Noating poant, 3349

infemer, 339

nedr pointer, 3349

ordinal, 339

packed BO, 39

unpacked BOTY, 559

Pentium 4, 520-527

block diagram, 122, 521

BIE, 324

cache
Irace, 524-525

cache operating modes, 123

cuche operation
modes, L3

ciche araanization, 121-1223
devods unit, 121
exccution units, 121
[etehédecode i, 121
fetel wmit, 121
memery subsystem, 121
ont-ol-order crcention logic,

121

unit exceution, 121

drive, 525

front end, 321-533

generation of micro-ops, 521-524

instruction-level parallelism
aliag repister, 520
allogate, 5253320

circular buller, 326

Hoatimg-poinl execulion units, 327

inleger repgister liles, 337
memoery address, 376
micr-cperaiions, 526
IiCra-cpe rations gueding, 524
register renaming, 526
ROB. 526
scheduling and dispatehing, 524
state, 526
motivation, 343344
out-ol-order execution logle, 525
trace cache ferch; 323




trace cache nextinstruchion poimter,

524525
Pentivm 11
addressing maodes, 34
addidress space, 208
control registers, 445
EFLAGE register, 443
MEMOry management
hardware, 2680-273
parameters, 272
mtivation, 543-544
seamentation, 269-270
pagmg, IT0-273
RIML. 2700
segment number, 2710
talle inclicator, 270
Iranslation lookasicde buller, 273
Fentium instruction and deseription
arithmetic, 336
vache management, 357
comtrol fransfer, 356
data movement, 356
Mag control, 357
HLL suppart, 35357
lovnzal, 356
prodection, 337
scpiment register, 357
string operations, 356
Pentium instruction tormat, 404-3406
illustrated. 405
Pentivm inlerropt processor
CaL L anstruction, 448
code sepment (OS] pointer, 448
ESP, 448
mterrupl fag, 448
mterrupl handling, 445
mterrupl vector lakle, 445
[P, 448
processor-detected exceptions, 448
prograrmmaed exceptions, 448
trap g, dde
Pentium memory management
address linear, 271-273
address translation, 274

address translation mechanisms, 274

formats, 271

linear address, 271-273

page divectory enfry, 271273

page lable entry, 271-273

segment descriptor, 271-273

seament selector, 271-273
Pentium MMX

mnstructions, 358

mstruction set, 360
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comitrod, At
mappang. 447
technoligy, 338
Pentivm numeric data formats
Pentiom data types, 3340
Pentitm operalion types, 355-363
Pentiom prpeline operation, 322-523
Fentium Pro
metivation, 543-544
Pentium processor, 1356
vesntro, 441
flags, 441
[evatiog- point wit, 441
inatruction pomter, <]
integer unit, 441
numeric, i
registers, 44|
segment, 441
sLanlues, ol 2
tag word, 442
Performance
halance, 3511
designing, 37
eTmory, B
mantor data regsier
[A-Bd mstruetion set, 33
B AIDY, [82
Porformance counter enalde { PO}
Fentium controel register, 446
Peripheral, 7, 147
device, 197
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Peripheral component interconnect (P,

TR
bus arbiter, 87
Belween wo masters, B8
bus data transfes
DEVSELLBS
FEAME, 85
IRIY, 83
lurnaronand cycle, Bd-R3
conmmands, 81-85
configurations
cxample, #
read comimands
inlerpretation, 85
read operation, Bh
signal lines
address and data pans; 81, 82
arbitration pins, 51,82
Gd-bil extension pins, 81, 83
data pins, 81, 82
CTror reporting pins, 81, 52
imterlace control pins, 81, 82
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Peripheral component interconnect fooal |
inlerrupt pins, 81, 43
ITAGHoundary scan pins, 851,53
mandatory, 52
system pins, 51, 82

wily site, B9
Pim

[A-bd archilecture, 368
P

LAt architecture, S68

dpplication register, 36

PGE

Pentium eontrol register, 446
Fhysical nddress, 261; 262
Pliysical address extension {PAE)

Fentinm comirol regster, 446
Physical characteristics

data storage, 99

miagnetic disks, 168
Phvsical dedication, 75
Phusical Taver

ForeWire, 225-227

Physical lavered protocal architeeture; 231

Phvsical records, 189

Phsical 1y pes

of memeory, 99

Pioture element, 359

Pin layvouts, 714

Pipeline, 462, See alio Instruction pipeline

ALL
veelor computation, 670-678
automalic register renaming, 56l
heanch
miultiphe strcams, 431-433
caleulate aperands, 423
decede instriaction, 425
depiction, 424
description, 424
clfeets, 453
enhancing, 491
epilog phase, 561
cxcculion instruction, 425
felch instruection, 423
Leteh operands, 425
1A-64 architecture, 546563
[ntel 845G, 4349
kirnel phase, 361
machine branch prediction, 518519
operation
acToss, BT8-0TH
conditional lreanch, 427
Pentivm, 522-523
with'in, R78-07Y
ocplimization. 4884580

performance, 430
Pevwer P 601, 529530
L2000, 492
repilar instructions, 482453
RLISE, 4524586
scular, 510
sig-stupe CPLDimstruction, 428
stape, 492
slral gy, A24—430)
write tpnzrand, 425
Pixel, 359
PLA 713716
Platters
disk svslem, [HF
Puinl-te-point configurations, 224
PO operation
slack, 371, 372
Poet, 63
Pers
form, 7O
implementation, 701
Positive overllow, 506
Pessitive underflow, 309
Postlix notation, 374
Postindexing, 388
Poweer P, 527-534
addressing modes, 392345
cache organization, 123-125
data tvpes, 341
cvedution, 41—43
lamaly, 43
Heting-poinl statns and conceol register,
452
instruction formats, AK—A03
ilbustrated, 407
imernal caches, 123
interrupt table, 455
mizchine slale regisier, 436
menmory managemen|
paramelors, 277
IO RO TS - IATA R ENTENT
hardware, 2¥3-277
memary operand addressing modes, 304
operation types, 364
example of tepical operations, 363
prowessoer, <a-457
processor summary, 43
register formats, 453
user-wisthle repisters, 451
web siles, 44, 45
PowerP( alll, 527531
hlock diagram, 528
pipeling, 530
structure, 5249




PowerPC 620, 532-53
PosverPC A2-hic
wildress translation. 276
memory-management formats, 275-277
PowerPC G4
Bloek diagram, 124
Ppl
1At architecture. 568
Frodicnted code
EA-B, 553
Predicated execution
A0
architeeture, 550553
inslruetion, 542
Predicate registers
A6 instruction sel, 563
Predication
I A6, 546563
archileciure example, 352
pipelining, 561
Prefoich branch target, 433
Preletch engine
Tanmium, 568
Preindexing. 388
Previous function state {PFS)
1At architecture, 568
applicalion register, 564
Frivrity
procesy control block, 232
Privileged instructions
bnteh £, 245
Procedural dependencies, 511
Procedure arguments, 467
Procedure call
insiruction execution, 46t
instructions, 331-354
Process control bock. 232-253
Provess data, 7, 250
CPLL 413
Processing umil (PLY)
parallel procesing. 646
SMP, 653
Provess migralion
clusters, HH5
Prowie ssor
TR TS
twey level memories, 129
nrelitecture
superscilar implementation, SO
eache sires, 108
categorized, 330
characteristics, 481
evolution, 349
detected exceplions
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Pentium mierrupl processor, 448
functional requirements, 376
wentificrs

LA B4 instruction sel. 363
mterconnection, HY
imterconnection strictures transfen

to J0), H

L0 Ty, R
IR

1, 54

imerary, S
argnnisation, 412-414

Prowessor stutus regisier (PSR)
SIPARC, 445
Process stales
short=term scheduler, 251
Procduct of sum { POXS)
fosrim, K}
implementation, 71
Program
in hardware, 52
mterrupt class, 38
i soflware, 532
tirming

bost 170 wail, 62-63

with inlerrupls, h2-63

long 1O wait, 63 -

without interrupts, 263

Program vounler {PCY, 20, 33, 387
elatan o, 422
instruction cxecution, 416
miero-operalions, 575-579
multaplexer input, 711
mulliplesers, 710
pocess control hlock, 232
Program creation
05, 240
Program exccution
miributes, 248
constifuent elements, 577
example, 56
0%, 240
Programmable logie array {PLA), 715
combination circuits, 713-713
exmmple, 716
Progrommable RUM (PROBM)
deseription, 142-142
memen'y Dy pe characteristics, 140
Prevawmmied exceplions
Pentium interrupl processar, 4d8
Programmed [/, 196, 204-208
drawbhacks, 216-220
input, 206
Program status word (PSW). 200, 412, 417
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Program voltage (Ypp)
chip packaging, 146
Prolog phase
| At pupelining, 5ol
PROYN, D400 14243
Protected -mode virtual interrupts (PY1)
Pentiam control register, ddd
Prostection
Pentium instroction and description, 337
Protection enahla
Pentium control register, 444
PSE, 273
Pentium control repister, 446
Preudoinstrzction, 363
PELLW instruction
hAdIX, 354
FaR
SPARC, U5
PSW, 210, 412,417
PLI
parallel processing, G4h
]
PLISH
stack operation, 371
description, 372
Pushdown list, 358
stack, 371
Pwl
Pentiwm coentrol register, 444
Pyramid computer, 464

U
Op
I A-64 architecture, 3449
Chazuing diagrinn representation
prrocesaor scheduling, 256
Cluiet and signaking MaMs, 322
Chuiet Ma
uperations, 323
Chaine- Mok luskey method
first stage, 707
last stape, T8
Chaine-MeKluskey lables
Boolean exprossion, F0a-700

B
BR300
pipeline enhancing, 491
pipeline stages, 492
superpipelines, 443
Bnnn
instroctions, 488
MIPS, 45644
superpipelines, 493

Radix
ecimal sysrem, 734
poant, Zh5, 290
FALDY, See Redundant Arvay of Independent
Drisks (AL
FeAM. Sed Bandom pocess memiory (B AM)
Fambuos [DEAM (RIXRAM), 154, 156161
structure, 155
weh sles, 161
Random access memaoiy (RAN]), 08
characteristics, 134
memory 1ype characieristics, 140
semiconductor, 135
webhsles, 1600
Ranpge
twos complement, 287
RAS, 144, 147, 156
RCA
T1 BEHY 30
e
IL B, B30
RC2-RC0
microséguencer, hid
REEAM, 154161
RIOTSC instruction, 444

Fead
ASHIENTENLS
reinloree concepls, 743-744
commands

POT imiterpretation, 85
control sipnal, 5t
cyele
bus syvstem, 77
dependency, 315514
[0, 203
bus contral lines, )
memaory
s comtral lines, A3
POT conmmand, 54
microinsiruction, G3
CpeTHE N
PE B
sigals
RIMEAM, |36
fming
SDEAM, 157
Redad-after-write, 79
ead hit
parallel processing, Hiod
Fead miss
local cache, Gol-662
Fead-modily-write aperation, 74
Head-only memory { KO0
comhbinational cireuils, 713




memory lype characteristics, 140
Bl bit, 718
truth tahle, 717
fvpes, 42144
Ready
process stale, 232
Realization of computers, G37
Real memory, 263
RECEIVE operation, 231
Recording technology
wel sites, 14
Roduced mstruetion set architecture, 474- 451
characteristics, 476474
Reduced instruction sel computer (RIS, 5,
AR]=5011
approach
molivation, 543-544
based superpipeline architecture, 489
characteristics, 443
e OIS0, 500-501
machine, 473
delaved branch strotepy, 514
pipelining, 4852186
processors, 5o
superscalar machines, 347
Redundant Arrey of Independent Disks
(ALY, 164, 174183
configuralion, 175
disk technology, 164
lewal 1, 176, L8181
Tewel 201706, 181
level 3, 176, I8]1-182
level 4, 176, 182183
level 5, 176, 183
level & 176, 183
level O, 175
igh data transler capacity, 180
high LAY request rate, |80
levels, | 7i
illustrated, 177-178
wih site, 9]
Reenlrant procedures, 352
Repister, 9, B See also Address reaister:
Control address register (CAR),
[nputfoutpal (O] [nstruction regis
ter: Memory address repister (MAR);
Memory buffer register (MBI ) Pen-
taurm control regster
addressing, 383380
alias, 526
application, 368
autoindex, 398
branch
[ A instruction set, 5003
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call instructions, 351
CEM
[ AR architecture, 364, 568
conditinn
codes, 416
Pewver PO, 430, 454
controds, 412, 414, 416414, 63
microsciueneer, H32
comanters, 30
T'L R, 300
CP1Y, 331-332, 375,413
data, 415
destination
TT RR32, &34
EFLALS, 442
S-bat parallel, 726
exRceplion
PowerC processor, 450
Moating-poin
[A-R4 mnstruchion sel, 3h3
PowerP'C, 450
fevrmmial
[A-64 architecture, 566
aeneral-purpose, 415
[A-0d
instruction seL, 303
laree numbers, 544
indes, 388, 415
indirect addressing, 356
instroction buffer, 20
A0y aidedress, 52
link
FowerPC processor, 430
maching state, 379
M fping
Pentium MMM, 447
W memory, 347
operand maode
Pentinm, 3549
oraanization, 4144149
Pentium; 440-441
Powier PO processor, 450152
BT
SPARC, 495
parallel
sequential circuns, ¥25
predicate
PACBd instruction set, 263
Processor slalus
SPARL, 495
reference,; 3498
tor ragister, 477, 478, 082
wEClor computation, Gi3
renaming, 5lo-517
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Fegster (oo )
hase values, 36H
[A-a4 pipelining, 56l
Pentium 4, 326

sequential circoits, 724-727
shilt

sequential circuits, 727
BOUITCE

T RS2, 634
stack

LA structom sel, 3R3-568
tser-visible, 412
vector [acilite, 682
Fomstered ALL
ILER32, 620, 533
Fewister file
alobal variables, 470
EA-64 architecture, 545
inleger
Pentium 4, 327
RATES, 494
windoars-Tased
illustrated, 472
Fegister windows, 65169
overlapping, 404
SPARC, 4
Felative addressing, 387
Pentium, 342
PowerPC, 303-305
Relative dynamic Ireguency
high level language operations, 130
Relative st
twor level memories, [35-135
Reliability
SME, 650, B33
Removable disk. 1649
Removable media, Y6
Reorder builer (ROB)
Pentium 4 imstruction-level parallelism, 526
Beplacement alzorithms
clements of cache design, 115
Report assignments
reinforce concepls, T43-7Td4
Reguest, B7-54
Heguested privilege level (RPL)
Pentinm [T segmentation, 270
Research projects, 742
Reset
bus contrl lines, 71
Residént monitor, 243
memory Tayoaud, 244
Fesidual control, 614
Resource conflict, 511
Fesoures: encoding,

microinstruciion, G20
Fesouree mandger
5. 240
Result operand referende
maching instraction, 351
Resume lag
EFLAGS regester, 442
Hetiring
instruction, 514
Reverse Polish, 374
It input
T BEIL 634
ipple counter
seqquential circoils, 727
RISC See Reduced imstruction set computer
(RIS
RO
Pentivm 4 instruction-level parallelism, 526
RO See Read-only memary (1808
Rt
interrupt-drive PO, 213
operations, 3o, 347
Rotational delayv
disk pertormanee. 171, 172173
Fotational latency
disk performance, 171
Hounding, 320322
Ty mearest, 321
o plus and minus infinity, 321
{ovwesrd seroy 322
Raouter
InliniBand, 230
R address select {EAS), 156
chip Togie packaging, 144
pins, 147

RPL
Pentium 11 segmentation, 270
Famming

prosess slate, 252

5
IR0, See RN S36000
SOAT0L See [BM RA370
5300, See [BM S350
Save and Restore registers (SRR
PowerPC 601, 532
Scaluble Processor Avchitecture {SPARCY,
4k, 4445000
addressing muodes
synthesizing other addressang modes, 493
inslroction bormmals, 44940
instruction set, 4497
register ser, 494-500
Fegister Window Lavout, 495
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Scalar Il HE32. 633
pipeling, 310 Semantic sap, dod
processing Semiconductor memaory, 3, 102, 138148
wector compulation, 6756760 organization, 135139
referencing, 472 FAM, 135
SMP, 649 technologies
Scaled index with displacement mode wizh sites, 139
Pentium, 342 Types, 140
Scale index bic {S1H) SENID aperation, 231
Pentium, 40 SCPATALY SCTYETS
Scheduling, 230256 clister method descripticn, Ga5-6ih
example, 254 Sequence
L35 problems, 243 arbitralion
AMP, (A3 link layer, 227
lechnigues, 253 events, U2
fypes, 2540 exevution, 483
5051 RIS advocates, 464
syslem bus, 72 1B M 3053, 626
L. See Software Development Board imterrupl processing, G
15DE) microinstruction, Glo-613
REO0 SIS, See afse Texas [nstraments SR technigues, @l0-al2
components, 627 1 orginisalion
SDIRAM, 154-157 dizk performance, 173
SEC endes152-133 processor conlral, 584
Seeondary or auxiliary memory, 102 Sequential acoess
Aecond seneration device, 19
of computers, 24 Moy, B .
Seeond ime unil Sequential circuits, T20-730
feteh eyele, 579 clocked 5K (hp-flop, 722
Seetors, 160 churlers, T27-TH)
Seek lime L lig-loyp, 722
disk performaneys, 171,172 digital logic, T20-730
Sepment, 266- 268 Mip-1Topes, TH-722, 725
descriptor input data strobe, 725
Pentivm memory management, 271-273 parallel reaisters, 725
S OTY VIEW ripple counter, 727
paged memory, 269 shifl register, 727
unpaped memory, 264 5-R Ialch, 721
number, 270 Serinl Lk contral
averride [nfe] 8085, SR0-504
Pentiunt, 404 Serial recording, TR
Pentium 11, 260-270 Serpenting recording, LA9
Pentivm processor, 44| servers connected to disks
pointers, 413 cluster method description, G65-Hin
regisien Servers share disks
fentium mstraction and description, 357 cluster method deseription, GH3-hih
selector Service call
Pentium memory management, 271-273 Process, 253
bable enery Sel associative mapping, | 12-115
PowerPC memory management, 277 SETee instructions
Select DR bus Fentiom conditions, 3549
TiCroseguencer, H32 SETHI instruction, 500
Selector chanmel controls, 221 Setap tme
Select remister file data source O problems, 243

. g e
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Shading, 473
Shannon's techniques
Boolean algebra, 694
Shared
sk
cluster method description, Hhb
L2 caches
SMI', 653656
MEST protocal, 639
nothing
cluster method description, 666
write hit, B62
shilt
keyhourd-handling. 216

MMX instruction and description, 36()

aperation examples. 347
operations, 36
repister
sequential cirouits, 727
Shift instruction
MIPS, 487
maxdificr
Tl 8832, 634
SPARC, 497
Short-term queuse
process, 255
Short-term scheduling, 250, 231-255
Sl
Penitium, 4
Sides
disk svslem, 169
Sipn, dis
commn ficlds or flags, 417
extension, 3
extension rule, 290
magnilude representation, 2860

Signals. See alwo Control signals: Penipheral
component imterconnect (P, signal

limess
address selection
microinatruction. 611
ALL, 586
CAS. 144
clovk
timing dingram, 93
data, 5491
external, 591
funetion ol time
Hming diogram, 93
grant, 87-59
Ined 8045, 591
imtarrupl related, 3%
intermpl request, 3%
RIODBAM

CE, 156
read, 156
wrile, 156
timing diagram, 92
Signad halfword
PowerPC, W
Signed word
FowerPC, M1
Significand
floating- point, Ms
ulignment, 317
vverflow, 313
urelerllow, 315
SIMID, 35K, 645047
SimpleScalar
anulysis und leaching, 743
Simplwity
S, BS0
Simulation projects, 742-743
Simultiancous concurrent Pprocesscs
SMP, 653
Single address Dcld
branch control logic. 612
microinstruction, 611
Single-bus detached DYVA, 220
Single-bus integrates DMA-LO, 220
Single control point
eluslers, Bt
Single data stream
parille] processing, #45-047
Single ety poin
clusters, boT
Single-error-correcting (SEC) code, 152-153
Single file erarchy
clusters, GH9
Single instruction, single data (SIS1Y)
gtream, 645647
Single imstroction multple data {(SIMID}
fashion, 354
slream, 645647
Single 170 space
clusters. 669
Single job-manasgement system
clusters, HHo
Single large expensive disk (SLELDY), 175
Single memuory space
clusters, Gy
Stngele processor system
PCI 79
Single process space
clustars, Hod
Singleprogriom, 248
Single -sided disk, 169
Single-system image

_—




clusters, tn7?
Single user interface
clusters, fH4
Single virtual networking
clusters, Had
5 input
TT #8832, 634
51512
streant, fd3-647
Six-stage CPL instroction pipeline, 428
|6 megabit DRAM
ilustration, 145
fd-hil
EXLENELON s
PCI signal lines, 81, 83
RO, 718
Skip anstructions
hranch
transfer-ol-control instruction, 350
SLED: 175
Small computer svatem interface {5051
system bus, 72
Small-scale integration {5503
chips, 714
description, 2492
SME. See Svmmetric multiprocessor {(SMP)
AW PCache
analysis and teaching, 743
Snoopy protocols, G35 RAY
Soft
error, 144
IA-6d architecture, 268

HHETOPTOETIMming micreinsiruction, G1i.

a4
Software, 51
approaches, 52
pipelining
cxample, 5ot
[A-Bd, 33U-5R3
[ A - mstruction, 342
ol 212
solutions
cache coherence, 6537
Soltware Development Board (513H), 627,
See el Texas Instruments BE001
Sol
LA-O4 arclitecture, 368
Solid-state devies, 24
SO, anG, TO0
S07
[ A6 archileciure, SR8
Source operand reference
machine instruction, 331
Source regisler

L —————
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TI 8832, 534
SPARC, See Scalable Processor Architeeture
[5PALRLY
Spatial lecality
Iwer Jevel mermonries, 130
Special Ceele
PO command, 84
Special loop terminating instroctions
LA-Bd pipelining, 361
Special mask
interrupt-drive 1O, 213
Special-purpose devices, H38
Speculation and predication
[A-Bd, 337
Apeculative execution
provessors, 38
Speculative load
[A-Rd, 551, 554
Speculatively execute instructions
Power PO, 533
S
FCIoprocessor, 37-345
simnilar or identical
Family members, 32
Speedup lactors
instruction pipelining, 432
machine organizations, 515,
Split cache
v unified cache, 120-121
SEAM. Ser Satic RAM (S5EAM)
Sres
[A- architectuee, 544
S5-I latch
charneteristic table, 723
implemented, 721
sequential cirenits, 72
SRRs
Povever PO Gl 532
S2-50
microseguencer, 32
SSL, 2% 30 714
Stack, 371-37a6
addressing, 388
base, 373
conirols
microsequencer, Hi2
deseription, 371
rame, 334
implementation, 372
Timit, 373
operation, 373
arganization example, 373
paanter, 335, 373 415
T BRI, 630
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Start of called procedure
call mstructions, 351
State, 251
instruction cycle. 392
management
MMX instruction and description, 360
Pentium 4 instruction-level parallelism, 526
process control block, 232
Slitie RAM (SRAM], 138, 140-142, 154, 159
cell, 141
v, DRAM, 142
Sty
Pentiom processor, 442
Stalus repigiers
contral, 412, 414, 416419
Stibus repeorting
0o, 202
Stutus signals
1O, 198
Stock frame growth, 354
Stock to implement nested subroutines, 51
Sl
1A-64 instruction formeat, 347
STOR
upeodes, 132
Storape locanons
CPL, 413
Storage fo register
veetor computation, 683
Slorige o §lorape
VTP commputiation, (33
slore
dutin, 7
instructions, 36d
MIPS, 487
SPARC, 447
Powerl™C, 363
architeciure, 392
program concept, 17
Sinng operations
Pentium instruction and description, 356
Stripe
RAID level, 176
Structural components, 10
structure, 5-10
CPL), 412457
elinition, 5
deseription, T-10
SR
opeodes, 332
Subaction
asvnelironous, 228
concatenated asvnchronous, 228

FireWire, 228
floating-point arthmetic, 315
gap
link laver, 227
isochronous, 228
Subnet
InfiniBand, 230
Subroutine fpaliny
LSI-11.614
Subtroaction
hlock diagram of hardware, 246
twios complement, 292-294
rule, 287
ursigned intepers, 305
Sum ol products (SCF)
lesrmy, BRI
implementation, 700
Sun's SPARC architecture. See Scalable
Provessor Architecture (SPARC)
Supercompulers
Cray, 679
vector computation, 674
web sites, 45
Superion price/perormance
clustirs, bivd
Superscalor
npprooch
limitations, S08-311
detinition, 507
execition, 510
v [LA-B architecture; 543
mplementation
instruction-level parallelsm, 520527
machines
delayed branch seratepy, 518
organtantion, 57
pProcessing
concepiunl depiction, 3149
processar, 56
churacternistics, 463
vi, superpipeline, S07-308
Supervisor
common Delds or Dags. 417
Swappling, 257
use, 2598
Swapping funclion, 231
Switched interconnection
AW, 654055
Syllalsles
[ At architeciure, 546
Svimbalic progrim, 363, 366
Symbaolic representation
maching instruction, 332




Svmmetne multiprocessor (SMFP), 6.

T-HaT
addressing. 630
arbilraticon, K50
gvailability, 649
1SN, 654
wache
niitlysis and teaching, 743
coherenes, 6]
characterisiics, f7 -6
vy, clusters. GoY
descniption, 645
fault tolerance, 651
incremental growih, 649
1.2 cache, 634
L3 cache. 636
mcmory cand, 654
memery management, bil
il tipor! memery, 651
arpanization, b480-652
performaonee, b8
PL:, B53
reliability, 6380, 655
scaling, 649
schedubing, 653
5730 configuralion
cache hat rale, 656
shared L2 caclies, H35-656
swilched intereonnection, H5d 633
e shiring, 650
Svine
CO-ROM. 186
Svnchronzation
SMP, 653
Synchronous bus operations
timing, 7o
Synchronous counters, 728730
design, 729
Synchronoos DRAM (SIMEAM),
154157
iHustrated, 153
read timing, 157
Synehronous tming,
bus desizn, 73
Syndrome word, 150-151
System
inlerconnection, %
05, 242
s
PCI signal linves, 81, 82
soflware, 15
System acoess
(s, 240

Svitem bus, 649
contral signals, 586
read cvele, 77
write eyele, 77

Systemd 3t Gunily. See [BM 87560

Svatem 3N fnmily. See IBM 8370

Svatem 30 fumily. See TRM 523K

T
Table indicator
Pentium 11 segmentation. 270
Tag, 104
Tag check
MIPS. 494
Ty wird
Pentim processor, 442
Tanenboum's stucdy, 466
Tape, W
nagetic, RS- 190
Turpet chonnel acdapter [TCA)
InfniBand, 229
Tusk switched
Pentium control register, 444
ICA
InfiniBarxd, 229
Teaching computer organization architecture
projects, T41- Tad %
Template lekl encoding
1A-G4 architecture, 348
Temporal loeality
Pwr el memorics, 130131
Test
instructions, 334
10, 2015
Texas Instruments B800, h2T7-H3T
block diagram, 627
DRA poris, 630
DRE paris, GMD
ERAT oatmg-point, 6249
micger processing chip, 629
el relurn register, Bt
micronslruetion format, 628, 6249
microproprammed control, G27-H37
MPLC, 630
ROA, B30
RO, 630
register counters, b
RE32 registered ALLL 629
SDB components, 627
slacks, G0
WS dita fiekl, 629
wiitable contral store data field, 629
Y ot il muliipleser, 630
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Texas [nsturuments 8515
micraseguencer, Gl
microinsiruction bits, 633
Texas [nstruments 5532
AL
configuration mode, 634
carry in, 634
destination register, f54
registered ALLL 6249 633
registered AL instruction Tield, 634-036
B inpul, 634
sileet register Hle data suurce, 633
shilt instruction modifier, 634
Sinput, 64
source repister, od
wrile enable, 633
[hen path
[A-B4 architecture, 550, 553
Third generation
compulers, 25-33
Third time unit
feteh cyele, 579
a2-bat adder
cangtruction, 720
F2-bit flaating-point format, 308
32-hit formats
expressible, 310
Thrashing, | L2, 263
I6d) architecture. See LBM 5/360
3T architecture, See [BM 55370
A architecture, See [BM S5/354U0
Three-aperand instructions, GR2
[hree-way pipelined ming, 453
Firme
hus design, 75
disk performance, 171-173
comparsomn, 173
Memory aecess, S8—103
memory evcle, 23
multiplexing, 75
O& problyms, 243
Fabios
twn level memeries, 129
segenee, 377
multiple interrupi: example, 6F
sharing
vy batch multiprograniming, 250
aystems, 248
SMP, 530
Timer
halch OS5, 245
imterrupt clags, 55
Time stamp disable (TS13), 444
Timing diggrames, Y2403

Timing signals

TLH, 266268, 213
Top-down approasch, 5-6
Top-level structore, L

Top of stack

Trace-driven simulator

Transler Ak

Transter of contral

Transfer time, 172

Translate instroctien, 34

inglruetion pipeline operation, 426

Intel 8085, 5491

call mslructions, 351

analysis-and leaching, 743
Tracks, 165, 170
Irading edge, 92
[ransaction laver

FireWire, 225
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ACRONYMS

ACN Association Tor Computing Machinery
ALU Avithmetic and Logic Unit

ASCTI American Standards Code for Information Interchange
ANSI American National Standards Institute
BCD Binary Coded Decimal

B Compact [hsk

CD-ROM  Compact Disk-Read Only Memaory

CPU Central Processing Unit

CIsE Complex Instruction Set Computer

R AM Dynamic Random-Access Memaory
WA Direct Memory Access

VD Digital Versatile Disk

EPLC Lxplicitly Parallel Instruction Compuling

EPROM  Erasable Programmable Read-Coly Memory
EEPROM  Electricully Erasable Programmahle Read-Only Memory

HLL High-Level Language

1 Input:Ohutpui

AR Instruction Address Register

I [ntegrated Circuil

IEEE Institute of Electrical and Electronics Engineers
ILP Instruction-Level Parallelism

IR Instruction Registes

LRL Least Recently Used

L51 Large-Scale Integration

MAR Memory Address Register

MBRE Memory Buffer Register

MESI Modily-Exclusive-Shared-Invalid
MM Memory Management Unit

M1 Medivm-Scale Integration

NN A Nonuniform Memory Access

s Orperating Svstem

PC Frogram Counter

PCIl Peripheral Component Interconnect
FROM Programmable Read-Only Memory
PSYW Processor Status Word

FCB Process Contral Block

EAlD Redundant Array of Independent Disks
RALL Register/ Arthmetic-Logic Unil
RAM Random-Access Memory

R1SC Reduced Instruction Set Computer
ROM Read-Only Memory

SUS] small Computer System Interface
SMP symmetric Mullhiprocessors

SRAM Static Random-Access Memory
851 Small-Scale Integration

V18] Very Larpe-Scale Inlegration
VW Very Long Instruction Word
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