






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































References & 
Further Reading 

[Apple94] 

[Dowd93] 

[Gircys88] 

Inside Macintosh: PowerPC System Software, Addison-Wesley, 
Reading, Massachusetts, ISBN 0-201-49727-2, QA76.8.M31528, 
1994. 

Dowd, K., High Performance Computing, O'Reilly & Associates, 
Inc., Sebastopol, California, ISBN 1-56592-032-5, 1993. 

Gircys, G.R., "Understanding and Using COFF," O'Reilly & 
Associates, Inc., Sebastopol, California, ISBN 0-937175-31-5, 1988. 

[Grohoski90a] Grohoski, G.F., "Machµ,.e Organization of the IBM RISC: System/ 
6000 Processor," IBM J. Res. & Develop., Vol. 34 #1, pp. 37-58, IBM 
Corporation, G322-0169-00, January 90. 

[Grohoski90b] Grohoski, G.F., Kahle, J.A., Thatcher, L.E., Moore, C.R., "Branch 
and Fixed-Point Instruction Execution Units," IBM RISC System/ 
6000 Technology, pp. 24-32, IBM Corporation, SA23-2619, 1990. 

[IBM91] 

[IBM93a] 

[IBM93b] 

Course Outline Notes from "RISC System/ 6000 Hardware 
IBM Corporation, IBM966-8211, 9January1991. 

AIX Version 3.2 Assembler Language Reference, Third Edition, IBM 
Corporation, SC23-2197-02, October 1993. 

PowerPC Architecture, First Edition, IBM Corporation, 52G7487, 
May 1993. 

References & Further Reading 679 



[Kim92] Kim, J-H., Huang, W., "The AIX Binder System," AIXpert, pp. 29-
36, IBM Corporation, August 1992. 

[Motorola93a] PowerPC™ 601 RISC Microprocessor User's Manual, Motorola, 
MPC601UM/ AD Rev 1, 1993. 
(also listed under IBM document #52G7484 or MPR601UMU-02) 

[Motorola93b] Technical Summan;: PowerPC 603™ RISK Microprocessor, Motorola, 
MPC603/D Rev 1, 1993. 

[Motorola94] PowerPCTM 603 RISK Microprocessor User's Manual, Motorola, 
MPC603UM/ AD, 1994. 
(also listed under IBM document #MPR603UMU-01) 

[Oehler92] Oehler, R.R., Outline Notes from PowerPC Architecture, IBM 
Corporation, IBM966K-3635, 27February1992. 

[Patterson90] Patterson, D.A., Hennessy, J.L., Computer Architecture: A 
Quantitive Approach, Morgan Kaufmann Publishers, San Mateo, 
California, ISBN 1-55880-069-8, QA76.9.A73P377, 1990. 

[Patterson94] Patterson, D.A., Hennessy, J.L., Computer Organization and Design: 
The Hardware/Software Interface, Morgan Kaufmann Publishers, 
San Mateo, California, ISBN 1-55860-281-X, QA76.9.C643P37, 
1994. 

[Przybylski90] Przybylski, S.A., Cache and Memory Hierarchy Design: A 
Performance-Directed Approach, Morgan Kaufmann Publishers, 
San Mateo, California, ISBN 1-55860-136-8, TK7895.M4P79, 1990. 

[Warren91] Warren, H.S., Jr., Predicting Execution Time on the IBM RISC 
System/6000, IBM Corporation, GG24-3711-00, July 1991. 

680 Appendix E 



Index 

+.0-9 

+(branch instruction suffix), 50, 235 
• (integer and floating-point instruction 

suffix), 28, 148 
. glink, 292-293 
. ptrgl, 290-292 
32-bit 

mode, 23-24, C671 
registers, 24 
rotate and shift instructions, 96 
segmented address translation, 194 

64-bit 

A 

mode, 23-24, C671 
registers, 24 
rotate and shift instructions, 96 
segmented address translation, 194 

a (branch instruction suffix), 28 
abs[o][. ], 90 
add[o][.], 76 
addc[o][.], 76 
adde[o][. ], 76 
addi, 76 

extended forms, 77-78, 80 

addic[. ], 76 
extended forms, 80 

addis, 76 
extended forms, 77, 80 

addition, 75-78 
timing,219 

addme[o][. ], 76 
address 

effective (EA), 192, 195 
fault, 188 
physical (PA), 192-194 
real (RA), 192-194 
virtual (VA), 192-195 

Address Space Register (ASR), 22 
addze[o][. ], 76 
AL (MSR), C672 
alignment, 10 
Alignment Check (MSR[AL]), C672 
alloca ( ) , 287-288 
and[.], 86 
andc[.], 86 
andi[.], 87 
andis[. ], 87 
argument, 281-286 
argumentarea,262-263,280 
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ASR,22 
64-bit mode, 25 
instructions, 167-168 

associativity (cache), 179 

B 

fully associative, 180 
n-way set associative, 181 

b[l][a], 36 
BAT area, 192 
bc[l][a], 36 

extended forms, 38-41 
bcctr[l], 36 

extended forms, 45-47 
bclr[l],36 

extended forms, 41-45 
BE (BPU stage), 213 
BE (MSR), 18, C672 
biased exponent, 137 
big-endian, 11 
binary point, 136 
bit numbering, 11 
block (cache), 178 
block (for BAT), 192 
block address translation, 192, 195-196 
boolean instructions, 86-88 

timing, 220 
BPU, 12, 13, 205, 207, 212-213 

conflicts, 312-314 
pipeline stages 

BE, 213 
BW,213 
MR,213 

branch 
condition encoding, 37 
instruction, 35-47 
instruction timing 

conditional, 233-238 
non-conditional, 228-230 

prediction, 47-50, 234-238 
PowerPC 601, 49 
dynamic, 48 
hints, 49 
static, 48 

tags, 230-233 
Branch Execute (BPU I BE), 213 
Branch Processor Unit (BPU), 12, 13, 205, 

207, 212-213 

682 Index 

Branch Trace Enable (MSR[BE]), 18, C672 
Branch Writeback (BPU /BW), 213 
bubble, 230-231 
BW (BPU stage), 213 
byte 

c 

data type, 10 
ordering, 11 

C (FPSCR), C674 
CA (XER), 16, C674 
CACC (CAU stage), 208, 216 
cache 

associativity, 179 
block, 178 
coherency, 183-185 
dependencies, 335-336 
description, 174 
direct-mapped, 179 
disk cache, 175 
fully associative, 180 
hit, 176 

timing, 238-239 
line, 178 
memory cache, 174 
miss, 176 

timing,239-240,250 
multiple level, 183 
sector, 178 
split, 182 
sub-block, 178 
tag, 178 
timings 

access, 238-240 
instruction, 224 

unified, 182 
Cache Access (CAU / CACC), 208, 216 
Cache Access Unit, 205-206, 208, 210-211 
Cache Arbitration (CAU I CARB), 208, 216 
Caching Inhibited (I), 197 
CARB (CAU stage), 208, 216 
Carry 

CA (XER), 16, C674 
CAU, 205-206, 208, 210-211 

conflicts, 307 



CAU (continued) 
pipeline stages 

CACC, 208, 216 
CARB, 208, 216 

timing,216 
CISC 

definition,4 
vs. RISC, 3 

clear (extended forms), 112-114 
clear left and shift left (extended forms), 

114-115 
clcs, 188 
cmp, 84 

extended forms, 85-86 
cmpi, 84 

extended forms, 85-86 
cmpl, 84 

extended forms, 85-86 
cmpli, 84 

extended forms, 85-86 
cntlzd[. ], 83 
cntlzw[. ], 83 
code motion, 301-302 
code pasting, 345 
common subexpression elimination, 300-

301 
compare instructions, 84-86 

branch dependencies, 323 
doubleword, 86 
floating-point, 151-152 
timing (integer), 221 
word,85 

Condition Register, 13, 14, 28, C669-C671 
Count Register, 13, 17 
CR, 13, 14, 28, C669-C671 

bits 
EQ 15, C670 
FE, 15, 151, C671 
FEX, 16, 148, C670 
FG, 15, 151, C671 
FL, 15, 151, C671 
FU, 15, 151, C671 
FX, 16, 148, C670 
GT, 15, C670 
LT, 15, C670 
OX, 16, 148, C670 
SO, 15, C670 
VX, 16, 148, C670 

CR (continued) 
dependencies, 323-329 
field, C669 
field move instructions, 161-162 
logical instructions, 160-161 
restoring in epilog, 267-268 
saving in prolog, 265 
updates from FPU instructions, 148 
updates from rotate and shift, 96-97 
usage conventions, 254 

crand, 160 
crandc, 160 
creqv, 160 

extended forms, 161 
crnand, 160 
crnor, 160 

extended forms, 161 
cror, 160 

extended forms, 160 
crorc, 160 
crxor, 160 

extended forms, 160 
CSE, 300-301 
CTR, 13, 17 

D 

64-bit mode, 24 
branch tags, 231-232 
dependencies, 320-323 
instructions, 165 

DAE/Source Instruction Service Register, 
19 

DAQU, 205, 207, 213-214 
conflicts, 314 
pipeline stages 

FPSB,214 
ISB, 214 

DAR, 19 
instructions, 167-168 

Data Access Queueing Unit (DAQU), 205, 
207, 213-214 

Data Address Register (DAR), 19 
Data Address Translation (MSR[DT]), C672 
Data Block Address Translation Register 

(DBAT), 20 
Data Relocate (MSR[DR]), 18, C672 
Data Storage Interrupt Status Register 

(DSISR), 19 
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DBAT,20 
block address translation, 196 
instructions, 167-168 

dcbf, 186 
direct store segments, 195 

dcbi, 186 
direct store segments, 195 

dcbst, 186 
direct store segments, 195 

debt, 186 
direct store segments, 195 

dcbtst, 186 
direct store segments, 195 

dcbz, 186 
direct store segments, 195 

DEC, 21 
instructions, 166-168 

Decrementer (DEC), 21 
dedicated (register), 251 
denormalization, 142-143 

timing,247 
denormalized numbers, 138, 140-141 
dependencies 

anti-dependencies, 315 
data dependencies, 315 
output dependencies, 315 

direct address translation, 192, 196 
direct-mapped cache, 179 
dispatch, 203 
Dispatch Stage (DU IDS), 216 
Dispatch Unit (DU), 205-206, 208-209 
division 

calculating the remainder, 82 
integer instructions, 81-83 
obsolete instructions, 89 
timing 

floating-point, 226 
integer, 220 

using algebraic right shifts, 348 
div[o][. ], 89 
divd[u][o][. ], 82 
divs[o][. ], 89 
divw[u][o][. ], 82 
double page fault, 191 
double-precision, 10 
doubleword, 10 
doz[o][. ], 90 

timing,219 
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dozi, 90 
timing, 219 

DR (MSR), 18, C672 
DS, 216 
DSISR, 19 

instructions, 167-168 
DT (MSR), C672 
DU, 205-206, 208-209 

conflicts, 308 
pipeline stages 

DS, 216 
IQ7-IQO, 208-209 

timing, 216-218 
dual cache, 182 

E 

EA, 192, 195 
EAR, 21 

instructions, 167, 169 
EE (MSR), 18, C671 
effective address (EA), 192, 195 
effective segment ID (ESID), 194 
eieio, 188 
endian, 11, 13 
EP (MSR), C672 
epilog, 261-262 
EQ (CR), 15, C670 
Equal (CR[EQ]), 15, C670 
eqv[.], 86 
ESID, 194 
exceptions, 144-147 

inexact, 147 
invalid operation, 145 
overflow, 146 
underflow, 147 
zero divide, 145 

Exception Prefix (MSR[EP]), C672 
exponent, 135-136 
exponent bias, 137 
extend sign, 83 
External Access Register (EAR), 21 
External Interrupt Enable (MSR[EE]), 18, 

C671 
extract and justify (extended forms), 107-

109 
extsb[. ], 83 
extsh[. ], 83 
extsw[. ], 83 



F 
Fl (FPU stage), 211-212 
FA (FAU stage), 208 
fabs[. ], 149 
fadd[s][. ], 150 
FAU, 205-206, 207-208 

conflicts, 307 
pipeline stages 

FA, 208 
fcfid[. ], 153 
fcrnpo, 151 
fcrnpu, 151 
fctid[z][.], 153 
fctiw[z][.], 153 
FD (FPU stage), 211-212, 224 
fdiv[s][. ], 150 
FE (CR), 15, 151, C671 
FE (FPSCR), C674 
FEO (MSR), 18, 144, C672-C673 
FEl (MSR), 18, 144, C672-C673 
feed-forwarding, 204, 315 
Fetch Arbitrate (FAU /FA), 208 
Fetch Arbitration Unit (FAU), 205-206, 207-

208 
FEX (CR), 16, 148, C670 
FEX (FPSCR), 17, 149, C673 
FG (CR), 15, 151, C671 
FG (FPSCR), C674 
FI (FPSCR), 17, 145, C673 
Fixed-Point Exception Register (XER), 12, 

16, C674 
Fixed-Point Unit (IU), 12, 205-207, 209-211 
FL (CR), 15, 151, C671 
FL (FPSCR), C674 
floating-point 

arithmetic, 149-151 
comparison, 151-152 
conversion instructions, 152-153 
conversion algorithms, 155-158 

doubleword to FP double, 157-158 
FP double to doubleword, 157 
FP double to FP single, 155 
FP double to integer, 155-156 
FP single to FP double, 155 
integer to FP double, 156-157 

data representation, 135-142 
double-precision, 10 
instruction timing, 225-228 

floating-point (continued) 
optional instructions, 153-154 
register (FPR), 14 
single-precision, 10 
tags, 240 
timings 

instruction, 225-228 
precise exceptions, 241-242 

Floating-Point Add (FPU /FPA), 211-212 
Floating-Point Arithmetic Writeback 

(FPU /FWA), 211-212 
Floating-Point Available (MSR[FP]), 18, 

C672 
Floating-Point Condition Code 

(FPSCR[FPCC]), C674 
Floating-Point Decode (FPU /FD), 211-212, 

224 
Floating-Point Enabled Exception Summa­

ry (CR[FEX]), 16, 148, C670 
Floating-Point Enabled Exception Summa­

ry (FPSCR[FEX]), 17, 149, C673 
Floating-Point Equal (CR[FE]), 15, 151, 

C671 
Floating-Point Equal (FPSCR[FE]), C674 
Floating-Point Exception Mode 0 

(MSR[FEO]), 18, 144, C672-C673 
Floating-Point Exception Mode 1 

(MSR[FEl]), 18, 144, C672-C673 
Floating-Point Exception Summary 

(CR[FX]), 16, 148, C670 
Floating-Point Exception Summary 

(FPSCR[FX]), 17, 149, C673 
Floating-Point Fraction Inexact 

(FPSCR[FI]), 17, 145, C673 
Floating-Point Fraction Rounded 

(FPSCR[FR]), 17, 145, C673 
Floating-Point Greater Than (CR[FG]), 15, 

151, C671 
Floating-Point Greater Than (FPSCR[FG]), 

C674 
Floating-Point Inexact Exception 

(FPSCR[XX]), 17, 147, C673 
Floating-Point Inexact Exception Enable 

(FPSCR[XE]), 17, C674 
Floating-Point Instruction Queue (FPU I 

Fl), 211-212 
Floating-Point Invalid Operation Exception 

(00-00) (FPSCR[VXISI]), 17, C673 
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Floating-Point Invalid Operation Exception 
(oo+oo) (FPSCR[VXIDI]), 17, C673 

Floating-Point Invalid Operation Exception 
(O+O) (FPSCR[VXZDZ]), 17, C673 

Floating-Point Invalid Operation Exception 
(ooxO) (FPSCR[VXIMZ]), 17, C673 

Floating-Point Invalid Operation Exception 
(Invalid Compare) (FPSCR[VXVC]), 
17, 152, C673 

Floating-Point Invalid Operation Exception 
(Invalid Integer Convert) 
(FPSCR[VXCVI]), 17, C674 

Floating-Point Invalid Operation Exception 
(Invalid Square Root) 
(FPSCR[VXSQRT]), 17, C674 

Floating-Point Invalid Operation Exception 
(SNaN) (FPSCR[VXSNAN]), 17, 152, 
C673 

Floating-Point Invalid Operation Exception 
(Software Request) 
(FPSCR[VXSOFT]), 17, 145, C674 

Floating-Point Invalid Operation Exception 
Enable (FPSCR[VE]), 17, 152, C674 

Floating-Point Invalid Operation Exception 
Summary (CR[VX]), 16, 148, C670 

Floating-Point Invalid Operation Exception 
Summary (FPSCR[VX]), 17, 149, C673 

Floating-Point Less Than (CR[FL]), 15, 151, 
C671 

Floating-Point Less Than (FPSCR[FL]), 
C674 

Floating-Point Load Writeback (FPU I 
FWL), 211-212 

Floating-Point Multiply (FPU I PPM), 211-
212 

Floating-Point Non-IEEE Mode 
(FPSCR[NI]) I C674 

Floating-Point Overflow Exception 
(CR[OX]), 16, 148, C670 

Floating-Point Overflow Exception 
(FPSCR[OX]), 17, 146, 149, C673 

Floating-Point Overflow Exception Enable 
(FPSCR[OE]), 17, 146-147, C674 

Floating-Point Register (PPR), 14 
Floating-Point Result Class Descriptor 

(FPSCR[C]), C674 
Floating-Point Result Flags 

(FPSCR[FPRF]), 17, 146-147, C674 
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Floating-Point Rounded Control 
(FPSCR[RN]), 17, C674 

Floating-Point Status and Control Register 
(FPSCR), 12, 16, C673-C674 

Floating-Point Store Buffer (DAQU /FPSB), 
214 

Floating-Point Unit (FPU), 12, 205, 207 
Floating-Point Unordered (CR[FU]), 15, 

151, C671 
Floating-Point Unordered (FPSCR[FU]), 

C674 
Floating-Point Underflow Exception 

(FPSCR[UX]), 17, 147, C673 
Floating-Point Underflow Exception En­

able (FPSCR[UE]), 17, 147, C674 
Floating-Point Zero Divide Exception 

(FPSCR[ZX]), 17, C673 
Floating-Point Zero Divide Exception En-

able (FPSCR[ZE]),17, 145-146, C674 
fmadd[ s ][ • ], 150 
fmr[.], 149 
fmsub[s][. ], 150 
fmul[s][. ], 150 
fnabs[. ], 149 
fneg[. ], 149 
fnmadd[s][. ], 150 
fnmsub[s][. ], 150 
FP (MSR), 18, C672 
FPA (FPU stage), 211-212, 224 
FPCC (FPSCR), C674 
PPM (FPU stage), 211-212, 224 
PPR, 14 

dependencies, 333-334 
usage conventions, 253 

FPRF (FPSCR), 17, 146-147, C674 
FPSB (DAQU stage), 214 
FPSCR, 12, 16, C673-C674 

bits 
C, C674 
FE, C674 
FEX, 17, 149, C673 
FG, C674 
FI, 17, 145, C673 
FL, C674 
FPCC, C674 
FPRF, 17, 146-147, C674 
FR, 17, 145, C673 
FU, C674 
FX, 17, 149, C673 



FPSCR (continued) 
bits (continued) 

NI, C674 
OE, 17, 146-147, C674 
OX, 17, 146, 149, C673 
RN, 17, C674 
UE, 17, 147, C674 
UX, 17, 147, C673 
VE, 17, 152, C674 
VX, 17, 149, C673 
VXCVI, 17, C674 
VXIDI, 17, C673 
VXIMZ, 17, C673 
VXISI, 17, C673 
VXSNAN, 17, 152, C673 
VXSOFT, 17, 145, C674 
VXSQRT, 17, C674 
VXVC, 17, 152, C673 
VXZDZ, 17, C673 
XE, 17, C674 
XX, 17, 147, C673 
ZE, 17, 145-146, C674 
ZX, 17, C673 

instruction, 161-163 
instrucqon timing, 228 

FPU, 12, 205, 207 
conflicts, 310-312 
pipeline stages, 211-212 

Fl, 211-212 
FD, 211-212, 224 
FPA, 211-212, 224 
FPM, 211-212, 224 
FWA, 211-212, 225 
FWL, 211-212, 225-227 

FR (FPSCR), 17, 145, C673 
fres[. ], 154 
frsp[. ], 153 
frsqrte[. ], 154 
fsel[. ], 154 
fsqrt[s][. ], 154 
fsub[s][.], 150 
FU (CR}, 15, 151, C671 
FU (FPSCR}, C674 
fully associative cache, 180 
function descriptors, 289 
function inlining, 302 
FWA (FPU stage}, 211-212, 225 
FWL (FPU stage}, 210-212, 225-227 
FX (CR}, 16, 148, C670 

FX (FPSCR}, 17, 149, C673 
FXU, 12 

G 

General Purpose Register (GPR}, 12, 14 
General SPR (SPRG), 20 
global linkage 

• glink, 292-293 
• ptrgl, 290-292 

GPR, 12, 14 
dependencies, 330-333 
usage conventions, 252 

Greater Than (CR[GT]}, 15, C670 
GT (CR}, 15, C670 
Guarded Storage (G), 197 

H 

halfword, 10 
Harvard architecture cache, 182 
hash functions, 178-179 

IBAT, 20 
block address translation, 196 
instructions, 167, 169 

IC (IU stage}, 210 
icbi, 187 

direct store segments, 195 
ID (IU stage), 210 
IE (IU stage), 210 
IEEE-754, 12, 135 
ILE (MSR}, 18, C671 
infinities, 139,141-142 
insert (extended forms}, 109-111 
Instruction Address Translate (MSR[IT]}, 

C672 
Instruction Block Address Translation Reg-

ister (IBAT), 20 
Instruction Queue (DU I IQ7-IQO), 208-209 
Instruction Relocate (MSR[IR]}, 18, C672 
instruction scheduling, 204, 344 
Integer Arithmetic Writeback (IU /IW A), 

210-211 
Integer Load Writeback (IU /IWL}, 210-211 
Integer Completion (IU /IC), 210 
Integer Decode (IU I ID}, 210 
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Integer Execute (IU I IE), 210 
Integer Store Buffer (DAQU /ISB), 214 
Integer Unit (IU), 12, 205-207, 209-211 
interrupt, 144 
Interrupt Little-Endian Mode (MSR[ILE]), 

18, C671 
Interrupt Prefix (MSR[IP]), 18, C672 
IP (MSR), 18, C672 
IQ7-IQO (DU stages), 208-209 

timing 216-218 
IR (MSR), 18, C672 
ISA (Instruction Set Architecture), 3 
ISB (DAQU stage), 214 
isync, 187 
IT (MSR), C672 
IU, 12, 205-207, 209-211 

conflicts, 308-310 
pipeline stages 

IC,210 
ID, 210 
IE, 210 
IWA, 210-211 
IWL, 210-211 

IWA (IU stage), 210-211 
IWL (IU stage), 210-211 

L 

1 (branch instruction suffix), 28 
latency, 202 
lbz[u][x], 59 
ld[u][x], 63 
ldarx, 71 

direct store segments, 195 
LE (MSR), 18, C673 
Less Than (CR[LT]), 15, C670 
lfd[u][x], 65 
lfs[u][x), 66 
lha[u][x ], 60 
lhbrx, 64 
lhz[u][x], 60 
line (cache), 178 
link area, 262, 279-280 
Link Register, 13, 17 
little-endian, 11 
Little-Endian Mode (MSR[LE]), 18, C673 
lmw, 67 
Load/Store Unit, 12, 13 
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load 
byte, 59 
conditional, 71-72 
doubleword, 63 
floating-point double, 65 
floating-point single, 66 
GPR dependencies, 331-332 
halfword algebraic, 60 
halfword, byte-reversed, 64 
halfword with zero, 60 
multiple, 66-68, 273 
obsolete, 72-73 
store dependencies, 334-335 
string, 68-71, 72-73 
synchronize, 71-72 
timing 

floating-point, 226-227 
integer, 221 
misaligned, 243-245 

word algebraic, 62 
word, byte-reversed, 64 
word with zero, 61 

locality of reference, 177 
spacial, 177 
temporal, 177 

local storage area, 262-263, 281 
logical instructions, 86-88 
loop unrolling, 302-303, 345 
LR, 13, 17 

branch tags, 231-232 
dependencies, 316-320 
instructions, 165 
restoring in epilog, 267-268 
saving in prolog, 265 

LRU, 177, 181 
lsb (least significant bit), 11, 13 
lscbx[. ], 73 
LSU, 12, 13 
lswi, 69 
lswx, 69 
LT (CR), 15, C670 
lwa[x], 62 
lwarx, 7i 

direct store segments, 195 
lwaux, 62 
lwbrx, 64 
lwz[u][x], 61-62 



M 
Machine Check Enable (MSR[ME]), 18, 

C672 
Machine State Register (MSR}, 18, C671-

C673 
mask instructions, 129-130 

timing,220 
mas kg[.], 130 
maskir[. ], 130 
mcrf, 161 
mcrfs, 162 
mcrxr, 162 
ME (MSR), 18, C672 
Memory Coherence (M}, 197 
MESI, 185 
mfcr, 161. 
mffs[.], 162 
mfmsr, 164 
mfspr, 164 

extended forms, 164-170 
mfsr, 171 
mfsrin, 171 
mftb, 170 

extended forms, 170 
Mispredict Recovery (BPU /MR}, 213 
mixed cache, 182 
MQ22 

dependencies, 329 
instructions, 166 

MR (BPU stage}, 213 
rnsb (most significant bit}, 11, 13 
MSR, 18, C671-C673 

64-bit mode, 24 
bits 

AL, C672 
BE, 18, C672 
DR, 18, C672 
DT, C672 
EE, 18, C671 
EP, C672 
FEO, 18, 144, C672-C673 
FEl, 18, 144, C672-C673 
FP, 18, C672 
ILE, 18, C671 
IP, 18, C672 
IR, 18, C672 
IT, C672 
LE, 18, C673 

MSR (continued) 
bits (continued) 

ME, 18, C672 
POW, 18, C671 
PR, 18, C671 
RI, 18, C672 
SE, 18, C672 
SF, 18, C671 

instructions, 163-164 
mtcrf, 162 

extended forms, 162 
mtfsbO[. ], 163 
mtfsbl[.], 163 
mtfsf[.], 163 

extended forms, 163 
mtfsfi[.], 163 
mtmsr, 164 
mtspr, 164 

extended forms, 164-170 
:mtsr, 172 
mtsrin, 172 
mul[b ][. ], 89 
mulhd[u][. ], 81 
mulhw[u][. ], 80 

timing,220 
mulld[o][. ], 80 
mulli, 81 

timing,219 
mullw[o][. ], 80 
multiplication 

integer instructions, 80-81 
obsolete instructions, 89 
timing 

floating-point, 226 
integer, 219-220 

using left shifts, 346-347 
Multiply-Quotient Register (MQ), 22 

N 

nabs[o][. ], 90 
NaN, 12, 139, 142 
nand[.], 86 
neg[o][. ], 83 

timing, 219 
negate, 83 
Negative (CR[L T]), 15, C670 
NI (FPSCR) I C674 
non-speculative instructions, 232 
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non-volatile (register), 251 
nor[.], 86 

extended forms, 88 
normalization, 136, 142-143 

normalization timing, 248 
prenormalization timing, 246-247 

normalized numbers, 138, 140 
Not a Number (NaN), 12, 139, 142 

0 
o (integer instruction suffix), 28 
obsolete instructions, 29 
OE (FPSCR), 17, 146-147, C674 
optional instructions, 29-30 
or[.], 86 

extended forms, 88 
ore[.], 86 
ori[ . ], 87 

extended forms, 88 
or is[ . ], 87 
Overflow (XER[OV]), 16, 28, C674 
OV (XER), 16, 28, C674 
overlapped execution, 202 
OX (CR), 16, 148, C670 
OX (FPSCR), 17, 146, 149, C673 

p 

PA, 192-194 
page 

definition, 188 
for PowerPC processors, 192 

page fault, 188 
double, 191 

physical address (PA), 192-194 
pipeline, 201 

conflicts, 306 
stage, 201-202 

planck, 136 
Positive (CR[GT]), 15, C670 
POW (MSR), 18, C671 
Power Management Enable (MSR[POW]), 

18, C671 
PR (MSR), 18, C671 
predicted (branch), 233 
prenormalization timing, 246-247 
privilege level (MSR[PR]), C671 
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Problem State (MSR[PR]), 18, C671 
Processor Version Register (PVR), 19 
profiler, 296 
prolog, 261-252 
PVR, 19 

instructions, 167 

Q 

QNaN, 139, 142 
quadword, 10 
Quiet NaN (QNaN), 139, 142 

R 

RA, 192-194 
radix point, 135 
real address (RA), 192-194 
real page number (RPN), 194 
Real-Time Clock (RTC), 21, 23 
Recoverable Interrupt (MSR[Rl]), 18, C672 
register 

FPR, 14 
GPR, 12, 14 
remapping, 316 
saving on stack, 270-278 
shadowing, 316 
SPR, 164-172 
usage dependencies, 314-316 

register save area, 262-263, 281 
remapping (register), 316 
replacement algorithms 

LRU, 177, 181 
random, 182 

results (routine), 286-287 
retire, 203 
rfi,54 
Rl (MSR), 18, C672 
RISC 

definition, 3 
vs. CISC, 3 

rldcl[. ], 100 
extended forms, 102 

rldcr[.], 100 
rldic[.], 100 

extended forms, 115 
rldic l [. ], 100 

extended forms, 102, 105, 109, 113 



rldicr[.], 100 
extended forms, 104, 109, 113 

rldimi[.], 100 
extended forms, 111 

rlmi[. ], 130 
rlwimi[.], 98 

extended forms, 111 
rlwinm[. ], 98 

extended forms, 99, 104-105, 109, 113, 
115 

rlwnm[. ], 98 
extended forms, 99 

RN (FPSCR), 17, C674 
rotate instructions, 97-102 

doubleword, 100-102 
extended forms, 107-115 
obsolete, 130-131 
timing,220 
word, 97-100 

rounding, 143-144 
to single-precision, 153 

RPN, 194 
rr ib[ . ], 130 
RTC, 21,23 

instructions, 166, 169 

s 
s (floating-point instruction suffix), 28, 148 
Save and Restore Register (SRRO, SRRl), 18 
sc,54 
scheduling, 204, 344 
scientific notation, 135 
SDRl, 22 

64-bit mode, 25 
instructions, 167, 169 

SE (MSR), 18, C672 
sector (cache), 178 
segment 

direct-store, 21, 192, 195 
on PowerPC processors, 192 
ordinary, 21, 192 
VM, 188 

Segment Register (SR), 21 
Segment Table (ST), 193 
Segment Table Entry (STE), 194 
segmented address translation, 192-195 
SF (MSR), 18, C671 
shadowing (register), 316 

shift instructions, 102-107 
left, 103-104 
multiple-precision 

left, 116-124 
right, 124-126 
right algebraic, 127-129 

obsolete, 131-134 
right, 104-106 
right algebraic, 106-107 
timing, 220 

sign extension, 83 
Signalling NaN (SNaN), 139, 142 
significand, 136 
single-precision, 10 
Single-Step Trace Enable (MSR[SE]), 18, 

C672 
SLB 

instructions, 198-199 
slbia, 199 
slbie, 199 
sld[.], 104 
sle[.], 131 
sleq[. ], 131 
sliq[. ], 131 
slliq[. ], 131 
s llq[ . ], 132 
slq[. ], 132 
slw[.], 104 
SNaN, 139, 142 
snooping, 184 
SO (CR), 15, C670 
SO (XER), 16, 28, C670, C674 
spacial locality, 177 
Special Purpose Registers (SPR) 164-172 
speculative instructions, 232 
split cache, 182 
SPR, 164-172 

extended forms 
obsolete, 165-166, 169-170 
supervisor-level, 166-169, 171-172 
user-level, 164-165 

instructions, 164 
timing, 223-224 
usage conventions, 253-254 

SPRG, 20 
instructions, 168-169 
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SR,21 
64-bit mode, 25 
direct store segments, 195 
instructions, 171-172 

srad[. ], 106 
sradi[. ], 106 
sraiq[. ], 134 
sraq[. ], 134 
sraw[. ], 106 
srawi[. ], 106 
srd[.], 105 
sre[.], 132 
srea[. ], 134 
sreq[. ], 132 
sriq[. ], 132 
srliq[. ], 133 
srlq[. ], 133 
srq[. ], 133 
SRRO I SRRl, 18 

64-bit mode, 25 
instructions, 168-169 
MSR bits saved, C671-C672 

SRU, 12, 13 
srw[.], 105 
ST, 193 
stack frame, 255 

alloca( ) , 287-288 
argumentarea,262-263,280 
building frames, 259-261 
link area, 262, 279-280 
local storage area, 262-263, 281 
register save area, 262-263, 281 

stack pointer, 251, 255-258 
maintenance, 257-258 

stage (pipeline), 201-202 
stale, 183 
stb[u][x], 60 
std[u][x], 63 
stdcx.,72 

direct store segments, 195 
STE, 194 

direct store segments, 195 
stfd[u][x], 65 
stfs[u][x], 66 
sth[u][x], 61 
sthbrx,64 
sticky bits, 16 
stmw, 67 
Storage Description Register 1(SDRl),22 
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store 
byte, 60 
conditional, 71-72 
doubleword, 63 
floating-point double, 65 
floating-point single, 66 
halfword, 61 
halfword, byte-reversed, 64 
load dependencies, 334-335 
multiple, 66-68, 272 
string, 68-71 
synchronize, 71-72 
timing 

floating-point, 227 
integer, 222-223 
misaligned, 244-246 

word, 62 
word, byte-reversed, 64 

strength reduction, 300, 346 
stswi, 70 
stswx, 70 
stw[u][x], 62 
stwbrx, 64 
stwcx., 72 

CR dependencies, 327 
direct store segments, 195 

sub-block (cache), 178 
subf[o][. ], 78 

extended forms, 79 
subfc[o][. ], 78 

extended forms, 79 
subfe[o][.], 78 
subfic, 79 
subfme[o][.], 78 
subfze[o][.], 78 
subtraction, 78-80 

timing,219 
Summary Overflow (XER[SO]), 16, 28, 

C670, C674 
Summary Overflow (CR[SO]), 15, C670 
sync, 187 
system linkage instructions, 54-55 
System Register Unit (SRU), 12, 13 



T 

tag (branch), 230-233 
CTR tags, 231-232 
LR tags, 231-232 
predicted branch tags, 232-233 

tag (cache line), 178 
tag (floating-point), 240 
TBR, 20-21 

instructions, 170-171 
td,50 

extended forms, 52-54 
tdi, 50 

extended forms, 52-54 
temporal locality, 177 
throughput, 203 
Time Base Register (TBR), 20-21 
TLB, 191 

instructions, 198 
tlbia, 198 
tlbie, 198 
tlbsync, 198 
TOC, 254-255 

environments, 288-289 
TOC pointer, 251, 254, 255 
transition vector, 289 
Translation Lookaside Buffers (TLB), 191 
trap 

encoding, 51 
instructions, 50-54 
timings,224 

tw, 50 
extended forms, 52-54 

twi,50 
extended forms 52-54 

u 
UE (FPSCR), 17, 147, C674 
unified cache, 182 
unordered, 151 
unresolved (branch), 233 
UX (FPSCR), 17, 147, C673 

v 
VA, 192-195 
VE (FPSCR), 17, 152, C674 
virtual address (VA), 192-195 

virtual memory, 176, 188-191 
virtual page number (VPN), 194-195 
Virtual Segment ID (VSID), 193, 195 
volatile (register), 251 
VPN, 194-195 
VSID, 193, 195 
VX (CR), 16, 148, C670 
VX (FPSCR), 17, 149, C673 
VXCVI (FPSCR), 17, C674 
VXIDI (FPSCR), 17, C673 
VXIMZ (FPSCR), 17, C673 
VXISI (FPSCR), 17, C673 
VXSNAN (FPSCR), 17, 152, C673 
VXSOFT (FPSCR), 17, 145, C674 
VXSQRT (FPSCR), 17, C674 
VXVC (FPSCR), 17, 152, C673 
VXZDZ (FPSCR), 17, C673 

w 
word, 9 
write allocate (cache), 177 
write around (cache), 177 
write back (cache), 177, 183 
write broadcast, 184 
write invalidate, 184 
write-through 

cache, 177, 184 
memory access mode (W), 197 

x 
XE (FPSCR), 17, C674 
XER, 12, 16, C674 

bits 
CA, 16, C674 
OV, 16, 28, C674 
SO, 16, 28, C670, C674 

dependencies, 329-330 
instructions, 165 

xor[.], 86 
xori[.], 87 
xoris[. ], 87 
XX (FPSCR), 17, 147, C673 
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z 
ZE (FPSCR), 17, 145-146, C674 
Zero (CR[EQ]), 15, C670 
zeros, 139, 141 
ZX (FPSCR), 17, C673 
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