




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































• What's On The CD 

POWERPC NEWS ARCHIVE 

When was the PowerPC 604 announced? When did Apple agree to license 
their technology? Find out in the PowerPC News archive. This archive is a 
tremendous resource for anyone interested in the history of the PowerPC. 
Spanning just over a year's worth of PowerPC-industry news, these stories 
cover each major event since the introduction of the first PowerPC-based 
Macintosh computers. 

PowerPC News is an Internet-based news source that is free of charge to 
subscribers. PowerPC News is published by Internet Publishing which is 
part of the APT Group Pk. They have access to APT's world-wide publish­
ing resources which allows them the opportunity to focus on developing 
quality electronic products over the long term. 

The premier issue (March 15, 1994) contained stories such as: 

a Apple Launches Power Macintosh Line 

a Power Macintosh Garners Application Support 

a German and Taiwanese Firms To Show PowerPC Machines at CEBIT 

And one of the most recent issues (from March 27, 1995) contained 
stories such as: 

a IBM Denies OS/2 Delay- Clings to (Late) Summer Release Date 

a Taligent Releases Commonpoint Beta, but Delays OS Launch 

a Motorola Denies it Wants 17% of Bull, But it Does Want Joint R&D 

The following directory structures divide the information into two 
categories: feature stories and PowerPC News. 

\PPC-NEWS\INDEX.TXT 
\PPC-NEWS\FEATURES\ 
\PPC - NEWS\PPCNEWS\ 

- News Index 

- Feature stories 

- PowerPC News Stories 

PowerPC News has recently announced that news and information is 
accessible in Hypertext form via the World Wide Web. 

To access the service, you will need a direct Internet connection and a 
Web browser. Many browsers are available, the most popular being Mosaic, 
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ported to Macintosh. MS-Windows and X-Windows. Mosaic is available on 
CompuServe (use Mosaic as a search keyword) or via anonymous FTP from: 

ftp . ncsa . ui uc . edu 

The NCSA machine is very busy so if you can find a local mirror of the 
site, so much the better. 

The PowerPC News home page is located at: 

htt p: //power . globa l news . com/ 

MOTOROLA'S WORLD WIDE WEB INFORMATION 

Motorola's acclaimed World Wide Web Site is on the CD in the moto-web 
directory. Just use your Mosaic browser to open the file \moto-web\start.htm 
to access the latest information on PowerPC happenings from 
Motorola, Inc. 

To look at the WWW information on the CD, you'll need a Mosaic 
browser. Mosaic browsers can be found on CompuServe (use Mosaic as a 
search keyword) or via anonymous FTP from: 

f tp . ncsa.u i uc.edu 

The NCSA machine is very busy so if you can find a local mirror of the 
site, so much the better. 

Find out the latest PowerPC news in the HotNews area. Find out when 
and where PowerPC-related industry events are happening. Plus, get the 
latest HTML-based technical information on all PowerPC processors. 

There have been some minor updates to Motorola's PowerPC Web 
Server. The source of Web information is Motorola's Server which is located at: 

http://www .mot . com/PowerPC 

They are interested in any feedback from users. For more information, 
you can contact the Motorola Webmaster at: 

we bmaster@ri sc.sps. mot . com 



pendix D • What's On The CD 

flRMWORKS'S OPEN FIRMWARE INFORMATION 

Open Firmware is a portable boot firmware system. Boot firmware is the 
ROM-based software that controls a computer from the time that it is 
turned on until the primary operating system has taken control of the 
machine. The main function of boot firmware is to initialize the hardware 
and then to "boot" (load and execute) the primary operating system. 
Secondary functions include testing the hardware, managing hardware con­
figuration information, and providing tools for debugging in case of faulty 
hardware or software. 

Open Firmware is portable in the sense that its design is not tied to any 
particular processor family nor to any particular expansion bus. Open 
Firmware was specifically designed to support a variety of different proces­
sor Instruction Set Architectures (ISAs) and different buses. Open Firmware 
is already in use on over a million machines, and is supported by several sys­
tem vendors. A number of bus standards, including PCI, Futurebus+, VME­
D, and SBus, include provisions for Open Firmware card identification 
and booting. 

The PowerPC Reference Platform Specification requires that all compli­
ant PowerPC computer systems adopt Open Firmware by mid-1995. Open 
Firmware provides similar functionality to the BIOS of x86 PCs - and 
much more. Find out more about Open Firmware by browsing through the 
information provided by Firm Works, Inc. 

Firm Works, located in Mountain View, California, provides Open 
Firmware system ROM implementations, device drivers, training and con­
sulting, as well as Forth ROM monitor products for those who want a Forth 
development environment instead of a complete Open Firmware system. 

The \FIRMWORX directory contains descriptions of Firm Works's vari­
ous products and services, as well as some background information on 
Open Firmware. 

The following four file formats are used: 

.DOC - Microsoft Word 6.0 file 

.PS - PostScript file 

.TXT - ASCII text file 

.WRI - Windows 3.1 Write file 

695 



' ~· !.~",' .. ~ . 
\\ "~ c:.i:-•. 696 PowerPC Programmln 



BLIOGRAPHY 

Burgess, B.; Ullah, N.; Van Overen, P.; and Ogden, D. "The PowerPC 603 
Microprocessor." Communications of the ACM, June 1994. 

Cohen, D., "On Holy Wars and A Plea for Peace." IEEE Computer, 
October 1981. 

Crawford, J.,and Gelsinger, P. Programming the 80386. Sybex, 1987. 
Denman, M. and Song, P. "The Power PC 604 RISC Microprocessor." 
/AIXtra Magazine, September/October 1994. 

Diefendorf£, K. "History of the PowerPC Architecture." Communications of 
the ACM, June 1994. 

Gillig, R. "Endian-Neutral Software, Part I." Dr. Dobb's Journal, October 
1994. 

Gillig, R. "Endian-Neutral Software, Part 11." Dr. Dobb's Journal, 
November 1994. 

Halfhill, T. R. "Emulation: RISC's Secret Weapon." BYTE Magazine, April 
1994. 

Handy, J. The Cache Memory Book." Academic Press, 1993. 

Hummel, R. L. PC Magazine Programmer's Technical Reference: The 
Processor and Coprocessor." Ziff-Davis Press, 1992. 

IEEE, 754-1985 Standard for binary floating-point arithmetic, IEEE, 1985 
Intel 486 Microprocessor Family Programmer's Reference Manual." Intel 
Corporation, 1992. 



698 PowerPC Programming for Intel I 

Moore, C. "PowerPC Alliance." AIXpert Magazine, February, 1994. 

Moore, C. "The PowerPC 601 Microprocessor." IBM RISC/6000 
Technology. Vol. II. IBM Corporation, 1993. 

PortASM Documentation. MicroAPL, Inc., 1995. 

PowerPC Reference Platform Specification, Version 1.1. Vol. I and IL IBM 
Corporation and Motorola, Inc., October 14, 1994. 

Silha, E. "PowerPC: A High-Performance Architecture with a History." 
AIXpert Magazine, February 1994. 

Stanphill, R., and Moore, C. "The PowerPC Alliance." Communications of 
the ACM, June 1994. 

Suessmith, B. and Papp III, G. "PowerPC 603 Microprocessor Power 
Management." Communications of the ACM, June 1994. 

Thompson, T. and Ryan, B. "PowerPC 620 Soars." BYTE Magazine, 
November 1994. 

The PowerPC Microprocessor Family: The Programming Environments. 
Motorola, Inc. and IBM Corporation, 1994. 

The PowerPC 601 RISC Microprocessor User's Reference Manual. 
Motorola, Inc. and IBM Corporation, 1994. 

The PowerPC 603 RISC Microprocessor User's Reference Manual. 
Motorola, Inc. and IBM Corporation, 1994. 

The PowerPC 604 RISC Microprocessor User's Reference Manual. 
Motorola, Inc. and IBM Corporation, 1994. 

The Power PC Architecture: A Specification For A New Family of RISC 
Processors. Morgan Kaufmann Publishers, Inc., May 1994. 



INDEX 
A 
add,383 
addc, 384 
adde, 385 
addi, 217, 328-330, 380, 386 
addis, 11, 217, 389 
addme, 390 
address 

recognition, 258-260 
translation, 116, 254-260, 

262-265,267-274,656-675 
addressing modes, 151-168, 

248-249,256 
addze,391 
aliasing, register, 238-239 
alignment/misalignment, 162-163, 

305-308 
AllDone, 360 
ALL TO field, 213 
ALU (internal arithmetic logic), 44 
and,329,392 
andc,393 
andi, 161 
andi., 394 
andis, 395 
API (abbreviated page index), 253, 

265-266 
Apple Computers, 1, 663. See also 

Macintosh 
arithmetic operations, 10-11, 

328-330 
floating-point, 196-198 
integer, 177-179 

arrays, 17, 20-23 
ASCII code, 14 
ASR (address space register), 94, 

148,253,263,272-273 
assembly language examples, 

319-260 
associative caches, 277-278 
associativity, 379 
atomic memory access, 174, 279, 

356-358 

B 
b,396 

BAT (block address translation) 
register, 45, 81-82, 
94, 145,306 

basic description of, 116-118, 
126-128 

caches and, 280-281 
manipulation, 354-356 
memory management and, 

254-265,269,273 
be, 397 
bcctr, 224, 398 
bcctrl, 224 
bcctrx, 92 
bclr, 17, 359, 360, 399 
bdnz,338 
BEPI (block effective page index), 

253 
bgt, 17 
BHT (branch history table), 53, 

236-237 
BHTE field, 136 
BI field, 205-207, 223, 224 
binary numbers, prefixes for, 7 
bit(s) 

field/terminology 
conventions, 6 

labels, 62-63, 69-70 
master checkstop enable, 119, 

120 
bl, 327-328 
Blackhawk (603/604-based 

systems), 2, 3 
block(s), 37-39. See also BAT 

register 
effective page index (BEPI), 253 
logical page index (BLPI), 253 
number, physical (PBM), 253 
real page number (BRPN), 253, 

259-260 
blr, 333, 334 
bit, 17,327-328 
bne,334,336 
bng,339 
BO field, 205-207, 223 
BPU (branch processing unit), 

38-39,43,53,205-210,236 

branch( es), 205, 234-239, 
327-333. See also 

instruction timing 
folding, 43, 233, 235 
instructions, 176, 205-210, 

223-226 
prediction, 43, 205, 227, 233, 

234-237 
breakpoints, instruction 

address, 316 
BRPN (block real page number), 

253,259-260 
bswap, 68 
BTAC (branch target address 

cache), 53, 236-237 
buffers 

completion, 49-50, 238-239 
read/write, 47 
rename, 44, 241 
translation lookaside (TLB), 217, 

253,268 
Bulfinch, Thomas, 77 
BUSCSR (bus status and control 

register), 144, 148 
buses, 37-39 
byte(s) 

addressing, within multibyte 
operands, 65-67 

endian schemes and, 59-60, 62 
terminology conventions and, 6 

c 
C (changed) bit, 266 
cache(s), 46, 49, 51, 55, 57 

access attributes, 280-281 
basic description of, 36, 275-286 
endian schemes and, 71 
i486, 30-32 
lines, 278 
management instructions, 215, 

281-286 
on-chip vs. off-chip, 277 

call instructio s, 327-328, 
330-333 

Carroll, Lewis, 151 
cdecl, 319 
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checkstop, sources, 119-122. See 
also HDIO 

CIA (current instruction address), 
82, 159, 170,316 

CISC (complex instruction set 
computer) processors, 
1, 11, 30 

addressing modes and, 151-152, 
167 

instruction timing and, 227 
clrldi, 398 
clrlsldi, 401 
clrlslwi, 402 
clrlwi, 403 
clrrdi, 404 
clrwi, 405 
cmp, 16, 180, 406 
cmpd, 407 
cmpdi, 408 
cmpi, 16, 180, 231, 409 
cmpl, 180, 410 
cmpld, 411 
cmpldi, 412 
cmpli, 180, 413 
cmplw, 414 
cmplwi, 415 
cmpw, 416 
cmpwi, 326-327, 334, 339, 417 
cntlzd,418 
cntlzw, 419 
Cocke, John, 3 
Cohen, Danny, 60-63 
coherency, 280, 281 
compare, 180, 197-198 
completion buffers, 49-50, 

238-239 
configuration registers, 94. See also 

specific registers 
constant, use of the term, 232 
context synchronization, 102, 

169-176,213-215,312,364 
context synchronizing exception, 

291-292 
conversion, endian, 74-75 
CR (condition register), 6, 16 

basic description of, 85-87 
branch instructions and, 205-206 
instruction timing and, 236-237 

CRO-CR3 (control registers), 
85-87,89, 174,251-252 

crand, 420 · 
crandc, 421 
creqv, 422 
crfD, 180 

crnand, 423 
crnor, 424 
cror, 425 
crorc, 426 
crxor, 427 
CSE (context synchronizing event), 

172 
CTR (counter register), 79, 224, 

237,337-339 
basic description of, 92 
branch instructions and, 205 

D 
DABR (data address breakpoint 

register/HID5), 94, 109-110, 
112, 122 

DAE (data access exception), 5, 
109. See also DSI 

DAR (data access register), 302 
DAR (data address register), 94, 

111, 311 
DBAT (data block address 

translation), 126-128, 
171-172,253,257 

dcbf, 284-285, 428 
dcbi, 286, 429 
dcbst, 284, 430 
debt, 281-283, 431 
dcbtst, 281-283, 432 
dcbz,283-284,433 
DCMP (data TLB compare 

registers), 124, 131, 132 
DEC (decrementer register), 94, 

108, 134, 137 
decoding instructions, 239, 244, 

380 
decrementer exceptions, 71, 310 
denormals, 678-681 
direct-store exception, 310-313 
direct-store segments, 5, 250, 274 
dispatch, instruction, 39, 239-241, 

244. See also instruction timing 
divd, 434 
divdu, 435 
divw, 436-437 
divwu, 438 
DMISS (data miss address registers), 

124, 130-132, 133 
DMMU (data memory management 

unit), 253 
do while loops, 338-339 
Doyle, Arthur Conan, 227, 247 
doze mode, 50 
DR (debug register), 81 

Drexler, K. Eric, 169 
DSI (data storage interrupt), 5, 109, 

112,253,294,296,315.See 
also DAE 

the alignment exception and, 305 
basic description of, 302-303 
the direct-store exception and, 

311 
memory management and, 262, 

268 
DSISR (data storage interrupt 

service register), 94, 112, 
302-308 

DTLB (data translation lookaside 
buffer) miss exception, 314-316 

dynamic branch prediction, 53, 
236-237. See also branch 
prediction 

E 
EA (effective address register), 

153-155, 164-167,264 
EAR (external access register), 94, 

110-111 
EAX register, 7, 10, 18, 79-80, 156 

strlen() and, 19 
toupper() and, 15 

eciwx, 110, 256 
ecowx, 110, 441 
ECX (counting register), 12, 81 
effective address, 254-255, 

265-268. 
See also EA 

definition of, 249 
terminology equivalent for, 5 

EFLAGS register, 81, 82, 85 
eieio, 173, 279-280, 442-443 
EIP register, 159, 170, 661 
eiwx, 439-440 
ELE (exception little endian mode), 

70 
else-if operation, 334-336 
endian schemes, 59-76, 131, 

662-663 
bi-endian memory and, 68-70, 74 
brief history of, 59-62 
endian conversion and, 74-75 

eqv, 444 
errors. See exceptions 
exception(s), 94, 215, 287-318. See 

also specific exceptions 
categories/priorities, 292-294 
definition of, 287-288 
external, 71, 305 



floating-point, 310, 313 
model, basic description of, 35 
terminology equivalent for, 5 
tracing, 299-301 
types of, 288-292 
vectors and, 295-318 

exowx, 256 
extended opcode, 5 
extldi, 445 
extlwi, 446 
extrdi, 447 
extrwi, 448 
extsb, 449 
extsh, 450 
extsw, 451 

F 
fabs, 452 
fadd, 453-454 
£adds, 455 
fcfid, 456 
fcmpo, 457 
fcmpu, 458 
fetid, 459 
fctidz, 460 
fctiw, 461 
fctiwz, 462 
fdiv, 463 
£divs, 464 
fetch, instruction, 239, i43-245 
Firm Works, 694 
floating-point exceptions, 310, 313 
floating-point instructions, 24, 176, 

676-687 
basic description of, 195-204 
cross-reference for, 675 

floating-point registers. See FPRs 
floating-point units. See FPUs 
fmadd, 465 
fmadds, 466 
fmr, 201-202, 467 
fmsub, 468 
fmsubs, 469 
fmul, 470 
fmuls, 471 
fnabs, 472 
fneg, 473 
fnmadd, 474 
fnmadds, 475 
fnmsub, 476 
fnmsubs, 4 77 
for loop operation, 20, 336-338 
Fourth programming language, 9 
FPRs (floating-point registers), 23, 45, 

82-85,683-686 
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addressing modes and, 160 
instruction timing and, 241 
the PowerPC instruction set and, 

187, 210 
FPSCR (floating-point status and 

control register), 88, 200-201 
FPUs (floating-point units), 32, 38-39, 

44-45,54-55,57 
fres, 478 
frsp,479 
frsqrte, 480 
fsel, 481 
£sqrt, 482 
fsqrts, 483 
fsub, 484 
fsubs, 485 
full associative caches, 277-278 
FXU (fixed-point unit), 5 

G 
GDTR (global descriptor table 

register), 81 
getVersion(), 349 
GPRs (general-purpose registers), 

15-16,23,44, 79,82,320 
addressing modes and, 160, 

165-167 
arithmetidlogical operations and, 

328- 330 
basic description of, 83 
DEC and, 108 
instruction timing and, 239, 241 
loading values into, 323-325 
loop operations and, 336-338 
the PowerPC instruction set and, 

171, 176-177, 187, 195,202, 
210,217,220-221 

switch/case operations and, 341 
writing the contents of, back to 

memory, 326 
GTone, 341 

H 
H (hash function identifier), 266 
handlers, definition of, 288 
Handy, Jim, 275 
Harvard Architecture cache model, 46 
HASHl register, 94, 124, 131-133 
HASH2 register, 94, 124, 130-133 
hashed page tables, 253, 268, 

270- 272 
hashing, 270-272 
hexidecimal numbers, prefixes for, 7 
HID (hardware implementation-

dependent register), 94, 119 

Index 

HIDO (checkstop sources and enables 
register), 71, 112, 
119-122, 128-130, 144, 146-147 

basic description of, 136-137 
exceptions and, 302 

HIDl (601 debug mode register), 112, 
122- 123,316-318 

HID2 (instruction address breakpoint 
register), 94, 
110, 112, 122-124, 133-134, 
137-138, 316 

HID5 (data address breakpoint 
register), 94, 109-110, 112, 122 

HID15 (processor identification 
register), 94, 112 

hints, 208 
Hippocrates, 319 

I 
IJO (input/output), 5, 81, 110 

address space, 25 0 
cachesand,279-280 
exceptions and, 306, 310-311 
external I/O instructions, 216 
memory management and, 254, 274 
segment registers and, 102 
synchronization, 173 

i386,247,250,256,295 
i486,30-34,45,58,256 

addressing modes/operand conven-
tions and, 151, 153-155 

bswap, 68 
exceptions and, 287-288, 290-291 
register set, 79-81 

IABR (instruction address breakpoint 
register/HID2), 
94, 110, 112, 122-124, 133-134, 
137-138, 316 

IBA T (instruction block address 
translation register), 116, 
126-128,253,257,304 

IBM (International Business 
Machines), 2-5, 30, 37, 60, 71 

AIX, 663 
WorkPlace OS register user 

conventions, 320 
icbi, 285, 486 
ICMP (instruction TLB compare 

registers), 124, 131-132 
IDT (interrupt descriptor table), 

290-291,295 
IDTR (interrupt descriptor table 

register), 81, 295 
IEEE,45, 195,676-677,683 
if-else operation, 333-334 
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illegal instructions, 17 5-17 6 
!MISS (instruction miss address 

registers), 94, 124, 130-133 
immediate operands, 152, 161 
IMMU (instruction memory 

management unit), 253 
implementation-specific exception 

vectors, 313-318 
imprecise exception, 294 
indexing registers, 12, 164-166 
indirect (index) addressing, 154-155 
infinities, 681-682 
insert(), 344-347 
inslwi, 487 
insrdi, 488 
insrwi, 489 
instruction pipelining. See pipeline 
integer(s). See also !Us 

instruction categories, 176-195 
instruction cross-reference, 666-674 
operations, interleave, 362-363 

Intel, 30-34, 60. See also i386; i486 
interleave 

integer operations, 362-363 
memory accesses, 362 

interrupts, 5, 287-318. See also 
exceptions 

definition of, 288- 289 
IP register, 170 
IQ (instruction queue), 39-41 
ISI (instruction storage exception), 

253,262,264,268,296,304,315 
issue logic, 43-44 
isync, 108, 172, 173, 285-286, 490 
ITLB (instruction translation 

lookaside buffer) miss 
exception, 314-315 

!Us (integer units), 5, 32, 38- 39, 44, 
54,57,362 

J 
jag, 17 
jb, 17 
jmp, 327-328 

K 
Kennedy, Robert F., 1 
Kp bits, 269, 274 
Ks bits, 269, 274 

L 
L2CR, 144 
L2SR, 144 
la, 491 

labels, bit, 62- 63, 69-70 
latency, 231- 233 
lbz, 164,231,325,492 
lbzu, 493 
lbzux, 494 
lbzx, 495 
ld, 164, 496 
ldarx, 174,279,356,497 
!du, 498 
ldux, 499 
ldx, 500 
lea, 19 
lfd, 501 
lfdu, 502 
lfdux, 503 
lfdx, 504 
Ifs, 245, 505 
Jfsu, 506 
lfsux, 507 
lfsx, 508 
lha, 509 
lhau, 510 
lhaux, 511 
lhax, 512 
lhbrx, 513 
lhz, 164, 325, 514 
lhzu, 515 
lhzux, 516 
lhzx, 517 
li, 324-325, 336, 341, 518 
linear address, definition of, 249 
lis, 324, 332, 519 
lmw, 163, 187, 363, 520 
logical 

address, definition of, 248 
operations, 180-182, 328-330 

loop operations, 20, 334- 339 
LR (link register), 91-92, 328, 

331-332 
LRU (least recently used) policy, 46, 55 
LSb (least significant bit), 60, 64 
lswi, 167, 187, 363, 521 
lswx, 91, 187, 522 
lwa, 523 
lwarx, 174,279,356,358,524 
lwaux, 525 
!wax, 526 
lwbrx, 527 
lwx, 528 
lwz, 164, 325, 358 
lwzu, 529 
lwzux, 530 
lwzx,337,531 

M 
machine check exception, 301-302 
Macintosh, 60, 663 
macros, 218 
main(), 330-333 
malloc(), 344-347 
maskable exception, 292-293 
matrix math, 351-354 
MB (mask begin), 183, 186 
mcrf, 85, 532 
mcrfs, 86, 88, 533 
mcrxr, 85, 534 
ME (mask end), 183, 185, 186 
memory. See also memory 

management 
access ordering, 279-280 
endianness and, 63- 65 
model, basic description of, 35 
operands, 161 
physical, 247-248, 260, 265-266 
terminology for, 5- 6 
units (MUs), 46-47 

memory management, 94, 247-274 
memory paging, 129-134, 250-251, 

262-265 
memory protection, 254-256 
MMU,45,252-253-255 
model, basic description of, 36 
terminology, 248- 249, 253 

MESI protocol, 55, 57 
Meta Ware, 689-691 
mfcr, 535 
mfdbatl, 356 
mfdbatu, 356 
mffs, 536 
mflr, 332 
mfmsr, 537 
mfspr, 91, 93, 114, 143, 257, 356, 

537-540 
mfsr, 541 
mfsrin, 542 
mftb, 114, 543 
mftbu, 348 
MicroAPL, 688 
miscellaneous instructions, 210- 217 
MMCRO (monitor mode control 

register), 94, 138- 144, 366-370 
MMU,45,252-253-255 
mnemonics, simplified, 5, 169, 

217-220,359-360,375 
modDBATpair(), 354 
Morgan Kaufman, 4 
Mosaic, 693 



Motorola, 1, 260 
Blackhawk, 2 
endian schemes and, 60, 62, 63, 71 
terminology, 71 
World Wide Web information, 693 

move instructions, 167, 201-202 
MQ {multiple quotient register), 112, 

115-116 
mr,336,339,544 
MSb (most significant bit), 60, 64-65, 

108 
MSR (machine state register), 4, 

70-72,81,94, 124, 144,314,316 
basic description of, 95-100, 

134-136 
DABR and, 110 
DEC and, 108 
exceptions and, 290, 292-295, 

300-301,305-306,309-312 
memory management and, 254-256, 

269,273 
performance monitoring and, 369 
SRRO/SRRl and, 106, 107 

mtcr, 545 
mtcrf, 85, 364, 546 
mtctr, 364 
mtdbatl, 356 
mtdbatu, 356 
mtfsbO, 547 
mtfsbl, 548 
mtfsf, 88, 549 
mtfsfi, 88, 550 
mtlr, 332, 364 
mtmsr, 551 
mtsbO, 88 
mtspr, 91, 93, 143, 257, 356, 364, 

552 
mtsr, 102, 553 
mtsrin, 102, 554 
MUs (memory units), 46-47 
mu!, 156 
Mu!Add, 156-158 
mulhd, 555 
mulhdu, 556 
mulhw, 557 
mulhwu, 558 
mulld, 559 
mulli, 560 
mullw, 329-330, 561 
mu!NumDone, 341 
multiple 

execution units, 12-13 
string instructions, 363-364 
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nand,562 
NaNs (Not A Number values), 

681-682 
nap mode, 50 
neg,563 
nonmaskable exception, 292-293, 

301 
nop,564 
nor, 565 
normals, 678-681 
not, 566 
NULL pointer, 175 
NULL-terminated strings, 17-19 
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OEA (operating environment 
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conventions, 151-168 
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types, 152-153, 160-162 
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ori, 330, 332, 569 
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directories, 251 
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262-265 
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319 
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265-266 
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resource management and, 230-231 
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PM (performance monitor) bit, 134 
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314,366-370 

PMI (performance monitor interrupt), 
370 

port access registers, 12 
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power management, 50-51, 55 
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precise/imprecise exceptions, 290 
preferred form instructions, 176 
privileged mode (privileged state) 5 
privilege levels, 77-78, 290-291 ' 
program exception, 308-310 
programming model 
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PIE (page table entry), 132-133, 144, 

253,265-269,271,315 
basic description of, 265-266 
caches and, 280 
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ptr size designations, 153 
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100-101 
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R (referenced) bit, 266 
RAM (random-access units), 34 
read-modify-write operations, 356 
read/write buffers, 4 7 
real mode addressing, 248-249, 256 
reference events, 368 
register(s). See also GPR specific 
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indirect mode, 167 
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operands, 152, 160-161 
user conventions, 320 

relative addressing, 154 
rename buffers, 44, 241 
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reservations, 174, 231 
resource management, 230-231 
returns, 330- 333 
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rfi, 95, 172, 571 
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RISC processors, 1-2, 29, 151-155, 

161, 167,369 
defining, 11-13 
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rider, 573 
rldic, 574 
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rldicr, 576 
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rlwini, 350 
rlwinm, 359, 579 
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RIC (real-time clock) register, 
112-114 

run mode exception bit field, 122-123 
run mode/trace exception, 316-318 

s 
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94, 139, 144, 149,369-370 
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register), 94, 104-105, 144 
segmentation, 32-34, 250-251, 

262-265 
segment descriptors, 32, 262-265, 274 
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stfd, 612 
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stfiwx, 616 
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sthbrx, 622 
sthu, 623 
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631-632 
stwu, 633 
stwux, 634 
stwx,635 
subf, 636 
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"swizzeling," 74 
sync, 172, 173,279-280,642 
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213-215,312,364 
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301 
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292- 294,302 

system 
bus interface signals, 36 
call (sc), 172, 289, 311, 587 
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210-212 
reset exception, 289, 301 

T 
T bits, 274 
TBL (time base lower register), 92 
TBR (time base register), 82-84, 

92-94,347-348 
TBU (time base upper register), 92 
td, 643 
tdi, 644 
terminology, 5-6, 24 

endian schemes and, 60--63, 71 
memory management and, 

248-249,253 
test(}, 330-333 
test-and-set operations, 357-358 
three-operand format, 12, 

155- 158 
throughput, definition of, 231 
time-keeping model, 36 
timing, instruction, 208, 227-246 
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TLB (translation lookaside buffer), 

217,253,268 
tibia, 645 
tlbie, 646-647 
tlbld, 130, 133, 648 
tlbli, 130, 133, 649 
TLBs (translation lookaside 

buffers), 4, 34, 254, 270-271 
tlbsync, 45, 650 
TO field, 210, 213, 226 
toupper(), 13-18 
TR (test registers), 81-82 
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tracing exceptions, 299- 301 
translation, 116, 254-260, 

262-265,267-274,656-675 
trap instructions, 210, 213, 226 
tw, 226, 651 
twi, 652 

u 
UISA (user instruction set 

architecture), 4, 78-79, 82-85, 
92 

user mode, definition of, 78 
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V (valid) bit, 266 
VariablelnMemory, 10-11 
VEA (virtual environment 

architecture), 4, 78- 79, 82-84, 
92,279-281 

vectors, 295-318 
version numbers, 100, 348-349 
virtual address, definition of, 249 
virtual memory, definition of, 248 
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volatile registers, definition of, 320 
VPN (virtual page number), 253, 

268, 271 
VSID (virtual segment ID), 253, 

263,265-266,268 
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ways, definition of, 278 
while loops, 338-339 
Whitehead, Alfred North, 9 
WIMG bits, 266, 280-281 
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conventions, 320 
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write-back operation, 5, 30-31, 

242,244 

x 
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