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Appendix A
Instruction Set Listings

Thisappendix liststheinstruction set implemented in the PowerPC 601 microprocessor and
the additional PowerPC instructions not implemented in the 601 sorted by mnemonic,
opcode, and form, and grouped by functional categories.

A.1 Complete Instruction List Sorted by Mnemonic

Table A-1 lists the instructions implemented in the 601 plus those defined in the PowerPC
architecture that are not implemented in the 601 in a phabetical order by mnemonic.

Table A-1. Complete Instruction List Sorted by Mnemonic

Key:
I:I Reserved bits I:I Instruction not implemented in the 601
Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
absx3 31 D A 00000 [OH 360 Rc
addx 31 D A B OH| 266 Rc
addcx 31 D A B OH| 10 Rc
addex 31 D A B ol= 138 Rc
addi 14 D A SIMM
addic 12 D A SIMM
addic. 13 D A SIMM
addis 15 D A SIMM
addmex 31 D A 00000 [OH 234 Rc
addzex 31 D A 00000 [OH 202 Rc
andx 31 S A B 28 Rc
andcx 31 S A B 60 Rc
andi. 28 S A UIMM
andis. 29 S A UMM
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Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
bx 18 LI AA|LK
bex 16 BO Bl BD AA|LK
bcetrx 19 BO BI 00000 528 LK
belrx 19 BO Bl 00000 16 LK
cles 3 31 D A 00000 531 Rc
cmp 31 cfD |0 A B 0 0
cmpi 11 cfd |0 A SIMM
cmpl 31 cfd |0 A B 32 0
cmpli 10 cfD |0 A UMM
cntlzd ® 31 S A 00000 58 Rc
cntlzwx 31 S A 00000 26 Rc
crand 19 crbD crbA crbB 257 0
crandc 19 crbD crbA crbB 129 0
creqv 19 crbD crbA crbB 289 0
crnand 19 crbD crbA crbB 225 0
crnor 19 crbD crbA crbB 33 0
cror 19 crbD crbA crbB 449 0
crorc 19 crbD crbA crbB 417 0
crxor 19 crbD crbA crbB 193 0
dcbf 31 00000 A B 86 0
dcbi ! 31 00000 A B 470 0
dcbst 31 00000 A B 54 0
dcbt 31 00000 A B 278 0
dcbtst 31 00000 A B 246 0
dchz 31 00000 A B 1014 0
divx3 31 D A B OF 331 Rc
divd ® 31 D A B OF 489 Rc
divdu ® 31 D A B OFE 457 Rc
divsx 3 31 D A B OFE 363 Rc
divwx 31 D A B OH| 491 Rc
divwux 31 D A B OE 459 Rc
dozx3 31 D A B OE 264 Rc
dozi 3 9 D A SIMM
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Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
eciwx 31 D A B 310 0
ecowx 31 S A B 438 0
eieio 31 00000 00000 00000 854 0
eqvx 31 S A B 284 Rc
extsbx 31 S A 00000 954 Rc
extshx 31 S A 00000 922 Rc
extsw ° 31 S A 00000 986 Rc
fabsx 63 D 00000 B 264 Rc
faddx 63 D A B 00000 21 Rc
faddsx 59 D A B 00000 21 Rc
fcfid ° 63 D 00000 B 846 Rc
fcmpo 63 crfD 00 A B 32 0
fcmpu 63 crfD 00 A B 0 0
fctid ° 63 D 00000 B 814 Rc
fctidz ® 63 D 00000 B 815 Rc
fctiwx 63 D 00000 B 14 Rc
fctiwzx 63 D 00000 B 15 Rc
fdivx 63 D A B 00000 18 Rc
fdivsx 59 D A B 00000 18 Rc
fmaddx 63 D A B C 29 Rc
fmaddsx 59 D A B C 29 Rc
fmrx 63 D 00000 B 72 Rc
fmsubx 63 D A B C 28 Rc
fmsubsx 59 D A B C 28 Rc
fmulx 63 D A 00000 C 25 Rc
fmulsx 59 D A 00000 C 25 Rc
fnabsx 63 D 00000 B 136 Rc
fnegx 63 D 00000 B 40 Rc
fnmaddx 63 D A B C 31 Rc
fnmaddsx 59 D A B C 31 Rc
fnmsubx 63 D A B C 30 Rc
fnmsubsx 59 D A B C 30 Rc
fresx 59 D 00000 B 00000 24 Rc
Appendix A. Instruction Set Listings A-3




Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

frspx 63 D 00000 B 12 Rc
frsqrte 63 D 00000 B 00000 26 Rc
fselx 63 D A B frC 23 Rc
fsqrix 63 D 00000 B 00000 22 Rc
fsqrts 59 D 00000 B 00000 22 Rc
fsubx 63 D A B 00000 20 RC
fsubsx 59 D A B 00000 20 Rc
icbi 31 00000 A B 982 0
isync 19 00000 00000 00000 150 0
Ibz 34 D A d
Ibzu 35 D A d
Ibzux 31 D A B 119 0
Ibzx 31 D A B 87 0
Id ® 58 D A ds 0
Idarx ® 31 D A B 84 0
Idu ® 58 D A ds 1
Idux ° 31 D A B 53 0
Idx ® 31 D A B 21 0
Ifd 50 D A d
Ifdu 51 D A d
Ifdux 31 D A B 631 0
Ifdx 31 D A B 599 0
Ifs 48 D A d
Ifsu 49 D A d
Ifsux 31 D A B 567 0
Ifsx 31 D A B 535 0
lha 42 D A d
lhau 43 D A d
Ihaux 31 D A B 375 0
Ihax 31 D A B 343 0
lhbrx 31 D A B 790 0
Ihz 40 D A d
lhzu 41 D A d
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Name 0

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Ihzux 31 D A B 311 0
Ihzx 31 D A B 279 0

Imw * 46 D A
Ischxx 3 4 31 D A B 277 Rc
Iswi 4 31 D A NB 597 0
Iswx 4 31 D A B 533 0

lwa ° 58 D A ds 2

lwarx 31 D A B 20 0
Iwaux ° 31 D A B 373 0
Iwax ° 31 D A B 341 0
Iwbrx 31 D A B 534 0

lwz 32 D A

lwzu 33 D A
lwzux 31 D A B 55 0
Iwzx 31 D A B 23 0
maskgx 3 31 S A B 29 Rc
maskirx 3 31 S A B 541 Rc
mcrf 19 cfd | 00| cfs |00 00000 0 0
mcrfs 63 crfD 00 crfS 00 00000 64 0
mcerxr 31 cfS | 00 00000 00000 512 0
mfcr 31 D 00000 00000 19 0
mffsx 63 D 00000 00000 583 Rc
mfmsr 1 31 D 00000 00000 83 0
mfspr 2 31 D SPR 339 0
mfsr 1 31 D SR 00000 595 0
mfsrin 31 D 00000 B 659 0
mftb 31 D TBR 371 0
mtcrf 31 S CRM 144 0
mtfsbOx 63 crbD 00000 00000 70 Rc
mtfsblx 63 crbD 00000 00000 38 Rc
mtfsfx 63 0 0 B 711 Rc
mtfsfix 63 cbD | 00 00000 IMM 134 Rc
mtmsr * 31 S 00000 00000 146 0
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Name

0

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

mtspr 2 31 D SPR 467 0
mtsr 1 31 S 0 SR 00000 210 0
mtsrin 1 31 s 00000 B 242 0
mulx 3 31 D A B OE 107 Rc
mulhd ® 31 D A B 0 73 Rc
mulhdu ® 31 D A B 0 9 Rc
mulhwx 31 D A B 0 75 Rc
mulhwux 31 D A B 0 11 Rc
mulld ® 31 D A B OE 233 Rc
mulli 7 D A SIMM
mullwx 31 D A B OH| 235 Rc
nabsx® 31 D A 00000 |OH 488 Rc
nandx 31 S A B 476 Rc
negx 31 D A 00000 [OH 104 Rc
norx 31 S A B 124 Rc
orx 31 S A B 444 Rc
orcx 31 S A B 412 Rc
ori 24 S A UIMM
oris 25 S A UIMM
rfi 19 00000 00000 00000 50 0
ridcl ® 30 S A B MB 8 Rc
rider ® 30 S A B ME 9 Rc
ridic ° 30 S A SH MB 2 |sH|rc
ridicl 5 30 s A SH MB 0 SHch
ridicr 5 30 s A SH ME 1 SHch
ridimi ® 30 S A SH MB 3  [sH|Rc
rimix 3 22 S A SH MB ME Rc
rlwimix 20 S A SH MB ME Rc
rlwinmx 21 S A SH MB ME Rc
rlwnmx 23 S A B MB ME Rc
rribx 3 31 S A B 537 Rc
sc 17 00000 00000 000000000000000 1|0
slbia 1:5 31 00000 00000 00000 498 0
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Name

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

slex 3
slegx 3
sligx 3
slligx 3
sligx 3

slgx 3

slwx

31 S A B 153 Rc
31 S A B 217 Rc|
31 S A SH 184 Rc|
31 S A SH 248 Rc|
31 S A B 216 Rc
31 S A B 152 Rc
31 S A B 24 Rc|

sraigx 3
sragx 3
srawx
srawix

srex 3

sreax 3
sreqx3
srigx3
srligx 3
srigx 3
srgx 3
Srwx
stb
stbu

stbux

31 S A SH 952 Rc
31 S A B 920 Rc
31 S A B 792 Rc
31 S A SH 824 Rc
i I IR RS R R
31 S A B 665 Rc
31 S A B 921 Rc
31 S A B 729 Rc
31 S A SH 696 Rc
31 S A SH 760 Rc
31 S A B 728 Rc
31 S A B 664 Rc
31 S A B 536 Rc
38 S A
39 S A
31 S A B 247 0
31 S A B 215 0

stbx
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Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
stfd 54 frS A d
stfdu 55 frS A d
stfdux 31 frS A B 759 0
stfdx 31 frS A B 727 0
stfiwx 31 frS A B 983 0
stfs 52 frS A d
stfsu 53 frS A d
stfsux 31 frS A B 695 0
stfsx 31 frS A B 663 0
sth 44 S A d
sthbrx 31 S A B 918 0
sthu 45 S A d
sthux 31 S A B 439 0
sthx 31 S A B 407 0
stmw 4 47 S A d
stswi 4 31 S A NB 725 0
stswx 4 31 S A B 661 0
stw 36 S A d
stwbrx 31 S A B 662 0
stwcex. 31 S A B 150 1
stwu 37 S A d
stwux 31 S A B 183 0
stwx 31 S A B 151 0
subfx 31 D A B OE 40 Rc
subfcx 31 D A B OE 8 Rc
subfex 31 D A B OE 136 Rc
subfic 08 D A SIMM
subfmex 31 D A 00000 [OH 232 Rc
subfzex 31 D A 00000 OE 200 Rc
sync 31 00000 00000 00000 598 0
td ° 31 TO A B 68 0
tdi ° 02 TO A SIMM
tibia 1 31 00000 00000 00000 370 0
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Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
tibie ! 31 00000 00000 B 306 0
tibsync * 31 00000 00000 00000 566 0
tw 31 TO A B 4 0
twi 03 TO A SIMM
Xorx 31 S A B 316 Rc
XOri 26 S A UIMM
xoris 27 S A UMM
1 supervisor-level instruction.
2 supervisor- and user-level instruction.
3 Non-PowerPC instruction implemented by 601 for POWER architecture compatibliity.
4 Load or store string or multiple word instruction.
5 64-bit instruction.
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A.2 Complete Instruction List Sorted by Opcode
Table A-2 lists the instructions implemented in the 601 plus those defined in the PowerPC

architecture that are not implemented in the 601 in numerical order by opcode.

Table A-2. Complete Instruction List Sorted by Opcode

Key:

I:I Reserved bits

I:I Instruction not implemented in the 601

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
tdi®| 0000 10 TO A SIMM
twi 0000 11 TO A SIMM
mulli 0001 11 D A SIMM
subfic 0010 0O D A SIMM
dozi®| 0010 01 D A SIMM
cmpli 0010 10 crfD oL A UMM
cmpi 0010 11 cfD |O|L A SIMM
addic 0011 00 D A SIMM
addic. 0011 01 D A SIMM
addi 0011 10 D A SIMM
addis 0011 11 D A SIMM
bcx 0100 0O BO Bl BD LK
sc 0100 01 00000 00000 000000000000C0OOO 0
bx 0100 10 LI LK
mcrf 0100 11 crfD 00 crfS 00 00000 000 0000 O0OO 0
belrx 0100 11 BO Bl 00000 000 0010 00O LK
crnor 0100 11 crbD crbA crbB 000 0100 001 0
rfi 0100 11 00000 00000 00000 000 0110 010 0
crandc 0100 11 crbD crbA crbB 001 0000 001 0
isync 0100 11 00000 00000 00000 001 0010 110 0
crxor 0100 11 crbD crbA crbB 001 1000 001 0
crnand 0100 11 crbD crbA crbB 001 1100 001 0
crand 0100 11 crbD crbA crbB 010 0000 001 0
creqv 0100 11 crbD crbA crbB 010 0100 o001 0
crorc 0100 11 crbD crbA crbB 011 0100 001 0
cror 0100 11 crbD crbA crbB 011 1000 001 0
bcetrx 0100 11 BO Bl 00000 100 0010 O0OO LK
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Name 0

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

riwimix| 0101 00 S A SH MB ME Rc
rlwinmx 0101 01 S A SH MB ME Rc
rmix3| 0101 10 S A SH MB ME Rc
rlwnmx| 0101 11 S A B MB ME Rc
orif 0110 00 S A UIMM
oris| 0110 01 S A UIMM
xori| 0110 10 S A UIMM
xoris 0110 11 S A UiMM
andi.[ 0111 00 S A UIMM
andis.| 0111 01 S A UIMM
ridicl x| 0111 10 S A SH MB 000 SHch
ridicrx®[ 0111 10 S A SH ME 001 SHch
ridicx| 0111 10 s A SH MB 010 SH|RC
ridimi x| 0111 10 S A SH MB 011 |[SH|Rc
ridelx®| 0111 10 S A B MB 1000 |Rc
rider x| 0111 10 S A B ME 1001 |Rc
cmp 0111 11 crfD A B 000 0000 00O 0
tw| 0111 11 TO A B 000 0000 100 0
subfcx| 0111 11 D A B OEf 00 0001 000 Rc
mulhdux®| 0111 11 D A B o[ 00 0001 001 Rc
addex| 0111 11 D A B OEf 00 0001 010 Rc
mulhwux 0111 11 D A B 0 00 0001 011 Rc
mfcr| 0111 11 D 00000 00000 000 0010 011 0
lwarx| 0111 11 D A B 000 0010 100 0
ldx 5[ 0111 11 D A B 000 0010 101 0
lwzx[ 0111 11 D A B 000 0010 111 0
slwx| 0111 11 S A B 000 0011 000 Rc
cntlzwx| 0111 11 S A 00000 000 0011 010 Rc
sldx®[ 0111 11 S A B 000 0011 011 Rc
andx| 0111 11 S A B 000 0011 100 Rc
maskgx3| 0111 11 S A B 000 0011 101 Rc
cmpl 0111 11 crfD A B 000 0100 0OO 0
subfx|] 0111 11 D A B OEf 00 0101 000 Rc
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Idux ° 0111 11 D A B 000 0110 101 0
dcbst 0111 11 00000 A B 000 0110 110 0
Iwzux 0111 11 D A B 000 0110 111 0

cntlzdx® 0111 11 S A 00000 000 0111 010 Rc
andcx 0111 11 S A B 000 0111 100 Rc

td ® 0111 11 TO A B 0001000100 0
mulhdx® 0111 11 D A B 0 00 1001 001 Rc
mulhwx 0111 11 D A B 0 00 1001 o011 Rc

mfmsr 0111 11 D 00000 00000 000 1010 O112 0
Idarx ° 0111 11 D A B 000 1010 100 0
dcbf 0111 11 00000 A B 000 1010 110 0
Ibzx 0111 11 D A B 000 1010 111 0
negx 0111 11 D A 00000 [OH 00 1101 o000 Rc
mulx 3 0111 11 D A B OE 00 1101 011 Rc
Ibzux 0111 11 D A B 000 1110 1112 0
norx 0111 11 S A B 000 1111 100 Rc
subfex 0111 11 D A B OH| 01 0001 00O Rc
addex 0111 11 D A B OH| 01 0001 010 Rc
mtcrf 0111 11 S 0 CRM 0 001 0010 O0OO 0
mtmsr 0111 11 S 00000 00000 001 0010 O1O0 0
stdx ° 0111 11 S A B 001 0010 101 0
stwcex. 0111 11 S A B 001 0010 110 1
stwx 0111 11 S A B 001 0010 111 0
SIqX3 0111 11 S A B 001 0011 o0OO Rc
slex3 0111 11 S A B 001 0011 o001 Rc
stdux ° 0111 11 S A B 001 0110 101 0
stwux 0111 11 S A B 001 0110 111 0
sliqx3 0111 11 S A SH 001 0111 oO0OO Rc

subfzex 0111 11 D A 00000 OE 01 1001 00O Rc
addzex 0111 11 D A 00000 OE 01 1001 010 Rc
mtsr 0111 11 S 0 SR 00000 001 1010 010 0

stdcex. ® 0111 11 S B 001 1010 110 1
stbx 0111 11 S B 001 1010 111 0
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Name 0

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

sligx®| 0111 11 S A B 001 1011 000 Rc
slegx3| 0111 11 S A B 001 1011 001 Rc
subfmex| 0111 11 D A 00000 [0Ff 01 1101 000 Rc
mulld®] 0111 11 D A B OFf 01 1101 001 Rc
addmex| 0111 11 D A 00000 [0F 01 1101 010 Rc
mullwx| 0111 11 D A B OFf 01 1101 011 Rc
mtsrin[ 0111 11 S 00000 B 001 1110 010 0
debtst| 0111 11 00000 A B 001 1110 110 0
stbux| 0111 11 S A B 001 1110 111 0
slligx®| 0111 11 S A SH 001 1111 000 Rc
dozx3| 0111 11 D A B OFf 10 0001 000 Rc
addx| 0111 11 D A B OFf 10 0001 010 Rc
Iscbxx®4[ 0111 11 D A B 010 0010 101 Rc
debt| 0111 11 00000 A B 010 0010 110 0
lhzx| 0111 11 D A B 010 0010 111 0
eqvx| 0111 11 S A B 010 0011 100 Rc
tibief 0111 11 00000 00000 B 010 0110 010 0
eciwx| 0111 11 D A B 010 0110 110 0
lhzux| 0111 11 D A B 010 0110 111 0
xorx| 0111 11 S A B 010 0111 100 Rc
divx3| 0111 11 D A B OFf 10 1001 011 Rc
mfspr 0111 11 D SPR 010 1010 011 0
lwax®| 0111 11 D A B 010 1010 101 0
lhax| 0111 11 D A B 010 1010 111 0
absx3| 0111 11 D A 00000 [0H 10 1101 000 Rc
divsx3[ 0111 11 D A B OFf 10 1101 011 Rc
tibia] 0111 11 00000 00000 00000 010 1110 010 0
mftb| 0111 11 D TBR 010 1110 011 0
lwaux®| 0111 11 D A B 010 1110 101 0
lhaux| 0111 11 D A B 010 1110 111 0
sthx| 0111 11 S A B 011 0010 111 0
orex|] 0111 11 S A B 011 0011 100 Rc
sradix®| 0111 11 S A SH 110 0111 01 |SH[Rc
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
slbie ® 0111 11 00000 00000 B 011 0110 010 0
ecowx 0111 11 S A B 011 0110 110 0
sthux 0111 11 S A B 011 0110 111 0

orx 0111 11 S A B 011 0111 100 Rc
divdux® 0111 11 D A B OE 11 1001 001 Rc
divwux 0111 11 D A B OE 11 1001 011 Rc
mtspr 0111 11 D SPR 011 1010 011 0
dcbi 0111 11 00000 A B 011 1010 110 0
nandx 0111 11 S A B 011 1011 100 Rc
nabsx?3 0111 11 D A 00000 OE 11 1101 00O Rc
divdx® 0111 11 D A B OH| 11 1101 001 Rc
divwx| 0111 11 D A B OF 11 1101 011 Rc

slbia ® 0111 11 00000 00000 00000 011 1110 010 0
mcrxr 0111 11 crfS 00 00000 00000 100 0000 OOO 0
cles 3 0111 11 D A 00000 100 0010 O11 Rc
Iswx 4 0111 11 D A B 100 0010 101 0
lwbrx 0111 11 D A B 100 0010 110 0

Ifsx 0111 11 D A B 100 0010 111 0
Srwx 0111 11 S A B 100 0011 oO0OO Rc
rribx 3 0111 11 S A B 100 0011 o001 Rc
srdx® 0111 11 S A B 100 0011 011 Rc
maskirx 3 0111 11 S A B 100 0011 101 Rc

tlbsync 0111 11 00000 00000 00000 100 0110 110 0
Ifsux 0111 11 D A B 100 0110 111 0
mfsr 0111 11 D 0 SR 00000 100 1010 011 0
Iswi? 0111 11 D A NB 100 1010 101 0
sync 0111 11 00000 00000 00000 100 1010 110 0

Ifdx 0111 11 D A B 100 1010 111 0
Ifdux 0111 11 D A B 100 1110 111 0

mfsrin 1 0111 11 D 00000 B 101 0010 O11 0
stswx 4| 0111 11 S A B 101 0010 101 0
stwbrx 0111 11 S A B 101 0010 110 0
stfsx 0111 11 frS A B 101 0010 111 0
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
srqx3 0111 11 S A B 101 0011 00O Rc
srex3 0111 11 S A B 101 0011 001 Rc
stfsux 0111 11 frS A B 101 0110 111 0
srin3 0111 11 S A SH 101 0111 00O Rc
stswi 4 0111 11 S A NB 101 1010 101 0
stfdx 0111 11 frS A B 101 1010 111 0
Srqu3 0111 11 S A B 101 1011 00O Rc
sreqx3 0111 11 S A B 101 1011 001 Rc
stfdux 0111 11 frS A B 101 1110 111 0
srliqx3 0111 11 S A SH 101 1111 00O Rc
Ihbrx 0111 11 D A B 110 0010 110 0
srawx 0111 11 S A B 110 0011 00O Rc
sradx® 0111 11 S A B 110 0011 010 Rc
srawix 0111 11 S A SH 110 0111 00O Rc
eieio 0111 11 00000 00000 00000 110 1010 110 0
sthbrx 0111 11 S A B 111 0010 110 0
sragx3| 0111 11 S A B 111 0011 000 Rc
sreax 3 0111 11 S A B 111 0011 001 Rc
extshx 0111 11 S A 00000 111 0011 010 Rc
sraiqx3 0111 11 S A SH 111 0111 00O Rc
extsbx 0111 11 S A 00000 111 0111 010 Rc

icbi 0111 11 00000 A B 111 1010 110 0
stfiwx 0111 11 frS A B 111 1010 111 0
extsw ° 0111 11 S A 00000 111 1011 010 Rc

dchz 0111 11 00000 A B 111 1110 110 0

lwz 1000 00O D A

lwzu 1000 01 D A d

Ibz 1000 10 D A d

Ibzu 1000 11 D A d

stw 1001 00 S A d

stwu 1001 01 S A d

stb 1001 10 S A d

stbu 1001 11 S A d
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5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Ihz 1010 00 D A d
Ihzu 1010 01 D A d
lhal| 1010 10 D A d
Ihau 1010 11 D A d
sth 1011 00 S A d
sthu 1011 01 S A d
Imw 4 1011 10 D A d
stmw 4 1011 11 S A d
Ifs 1100 00 D A d
Ifsu 1100 01 D A d
Ifd 1100 10 D A d
Ifdu 1100 11 D A d
stfs 1101 00 frS A d
stfsu 1101 01 frs A d
stfd 1101 10 frS A d
stfdu 1101 11 frS A d
Id ° 1110 10 ) A ds 00
[du®| 1110 10 D A ds 01
lwa®| 1110 10 D A ds 10
fdivsx| 1110 11 D A B 00000 10010 [Rc
fsubsx| 1110 11 ) A B 00000 10100 [Rc
faddsx| 1110 11 D A B 00000 10101 |Rc
fsqrtsx 1110 11 D 00000 B 00000 10110 Rc
fresx| 1110 11 D 00000 B 00000 11000 |Rc
fmulsx| 1110 11 D A 00000 c 11001 |Rc
fmsubsx| 1110 11 D A B c 11100 [Rc
fmaddsx| 1110 11 D A B C 11101 [Rc
fnmsubsx| 1110 11 D A B C 11110 |Rc
fnmaddsx| 1110 11 D A B C 11111 |Rc
std ® 1111 10 S A ds 00
stdu®[ 1111 10 S A ds 01
fecmpu 1111 11 crfD 00 A B 000 0000 0OO 0
frspx|] 1111 11 D 00000 B 000 0001 100 Rc
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0

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

fctiwx 1111 11 D 00000 B 000 0001 110 Rc
fctiwzx 1111 11 D 00000 B 000 0001 111 Rc
fdivx 1111 11 D A B 00000 10010 |Rc
fsubx 1111 11 D A B 00000 10100 Rc
faddx 1111 11 D A B 00000 10101 Rc
fsqrtx 1111 11 D 00000 B 00000 10110 |Rc
fselx 1111 11 D A B frC 10111 Rc
fmulx 1111 11 D A 00000 C 11001 Rc
frsqrtex 1111 11 D 00000 B 00000 11010 Rc
fmsubx 1111 11 D A B C 11100 Rc
fmaddx 1111 11 D A B C 11101 Rc
fnmsubx 1111 11 D A B C 11110 Rc
fnmaddx 1111 11 D A B C 11111 Rc
fcmpo 1111 11 crfD 00 A B 000 0100 O0OO 0
mtfsblx 1111 11 crbD 00000 00000 000 0100 110 Rc
fnegx 1111 11 D 00000 B 000 0101 00O Rc
mcrfs 1111 11 crfD 00 crfS 00 00000 000 1000 000 0
mtfsbOx 1111 11 crbD 00000 00000 000 1000 110 Rc
fmrx 1111 11 D 00000 B 000 1001 00O Rc
mtfsfix 1111 11 crbD 00 00000 IMM 0 001 0000 110 Rc
fnabsx 1111 11 D 00000 B 001 0001 00O Rc
fabsx 1111 11 D 00000 B 010 0001 00O Rc
mffsx 1111 11 D 00000 00000 100 1000 111 Rc
mtfsfx 1111 11 0 0 B 101 1000 111 Rc
fctidx ® 1111 11 D 00000 B 110 0101 110 Rc
fctidzx ® 1111 11 D 00000 B 110 0101 111 Rc
fcfidx S 1111 11 D 00000 B 110 1001 110 Rc
1 Supervisor-level instruction.
2 Supervisor- and user-level instruction.
3 Non-PowerPC instruction implemented by 601 for POWER architecture compatibliity.
4 Load or store string or multiple word instruction.
5 64-hit instruction.
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A.3 Instructions Grouped by Functional Categories
Table A-3 through Table A-30 list the instructions grouped by functional categories.

Table A-3. Integer Arithmetic Instructions

Key:
Reserved bits I:I Instruction not implemented in the 601
Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
absx3| 1U 31 D A 00000 [OH 360 Rc
addcx| U 31 D A B ol= 10 Rc
addex| IU 31 D A B OH] 138 Rc
addi| U 14 D A SIMM
addic| U 12 D A SIMM
addic.| IU 13 D A SIMM
addis| U 15 D A SIMM
addmex| U 31 D A 00000 OH| 234 Rc
addx| U 31 D A B OH| 266 Rc
addzex| U 31 D A 00000 [OE 202 Rc
divx 3| U 31 D A B OF 331 Rc
divsx 3| 1U 31 D A B ol= 363 Rc
divwx| U 31 D A B OH] 491 Rc
divwux| U 31 D A B OF] 459 Rc
dozx3| U 31 D A B OF 264 Rc
dozi 3| 1U 9 D A SIMM
mulx3| 1U 31 D A B ol= 107 Rc
mulhwx| U 31 D A B 0 75 Rc
mulhwux| U 31 D A B 0 11 Rc
mulli| U 7 D A SIMM
mullwx| U 31 D A B ol= 235 Rc
nabsx 3| U 31 D A 00000 ol= 488 Rc
negx| U 31 D A 00000 OH] 104 Rc
subfx| U 31 D A B OF 40 Rc
subfcx| U 31 D A B o= 8 Rc
subfex| IU 31 D A B ol= 136 Rc
subfmex| U 31 D A 00000 ol= 232 Rc
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subfzex| IU 31 D A 00000 [OH 200 Rc

Table A-4. Integer Compare Instructions

Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
cmp| U 31 cfD |O|L A B 0 0
cmpi| U 11 cfD |O]|L A SIMM
cmpl| U 31 cfD |O]|L A B 32 0
cmpli| U 10 cfD |O]|L A UIMM

Table A-5. Integer Logical Instructions

Name EU 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
andx| U 31 S A B 28 Rc
andcx| U 31 S A B 60 Rc
andi.| U 28 S A UMM
andis.| IU 29 S A UMM
cntlzwx| U 31 S A 00000 26 Rc
eqvx| IU 31 S A B 284 Rc
extsbx| IU 31 S A 00000 954 Rc
extshx| U 31 S A 00000 922 Rc
nandx| U 31 S A B 476 Rc
norx| U 31 S A B 124 Rc
orx| IU 31 S A B 444 Rc
orcx| U 31 S A B 412 Rc
ori| IU 24 S A UMM
oris| IU 25 S A UMM
xorx| U 31 S A B 316 Rc
xori| U 26 S A UIMM
xoris | U 27 S A UIMM
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Table A-6. Integer Rotate Instructions

Name EU O 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
maskgx 3| 1U 31 S A B 29 Rc
maskirx 3| U 31 S A B 541 Rc

rimix 3| U 22 S A SH MB ME Rc
rlwimix| U 20 S A SH MB ME Rc
riwinmx| 1U 21 S A SH MB ME Rc
rlwnmx| U 23 S A B MB ME Rc
rribx 3| U 31 S A B 537 Rc

Table A-7. Integer Shift Instructions

Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
slex3| 1U 31 S A B 153 Rc
slegx 3| 1U 31 S A B 217 Rc
sligx 3| 1U 31 S A SH 184 Rc
slligx 3| 1U 31 S A SH 248 Rc
sligx 3| 1U 31 S A B 216 Rc
slgx 3| U 31 S A B 152 Rc
slwx| U 31 S A B 24 Rc
sragx 3| 1U 31 S A B 920 Rc
sraigx 3| U 31 S A SH 952 Rc
srawx| U 31 S A B 792 Rc
srawix| U 31 S A SH 824 Rc
srex3| U 31 S A B 665 Rc
sreax 3| 1U 31 S A B 921 Rc
sregx3| IU 31 S A B 729 Rc
srigx3| U 31 S A SH 696 Rc
srligx 3| 1U 31 S A SH 760 Rc
srigx 3| 1U 31 S A B 728 Rc
srgx 3| U 31 S A B 664 Rc
srwx| IU 31 S A B 536 Rc
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Table A-8. Floating-Point Arithmetic Instructions

Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
faddx|FPU 63 D A B 00000 21 Rc
faddsx|FPU 59 D A B 00000 21 Rc
fdivx|FPU 63 D A B 00000 18 Rc
fdivsx|FPU 59 D A B 00000 18 Rc
fmulx|FPU 63 D A 00000 C 25 Rc
fmulsx|FPU 59 D A 00000 C 25 Rc
fsubx|FPU 63 D A B 00000 20 Rc
fsubsx|FPU 59 D A B 00000 20 Rc
Table A-9. Floating-Point Rounding and Conversion Instructions
Name EU O 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
fctiwx|FPU 63 D 00000 B 14 Rc
fctiwzx | FPU 63 D 00000 B 15 Rc
frspx|FPU 63 D 00000 B 12 Rc
Table A-10. Floating-Point Compare Instructions
Name EU 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
fcmpo [FPU 63 crfD 00 A B 32 0
fcmpu | FPU 63 crfD 00 B 0 0
Table A-11. Floating-Point Status and Control Register Instructions
Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mcrfs | FPU 63 crfD | 00 | cfs | 00O 00000 64 0
mffsx|FPU 63 D 00000 00000 583 Rc
mtfsbOx | FPU 63 crbD 00000 00000 70 Rc
mtfsb1x|FPU 63 crbD 00000 00000 38 Rc
mtfsfx|FPU 63 0 FM 0 B 711 Rc
mtfsfix| FPU 63 crbD 00 00000 IMM 0 134 Rc
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Table A-12. Integer Load Instructions

Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Ibz| U 34 D A d
lbzu| U 35 D A d
Ibzux| IU 31 D A B 119 0
Ibzx| U 31 D A B 87 0
lha| 1U 42 D A d
lhau| U 43 D A d
lhaux | 1U 31 D A B 375 0
lhax| 1U 31 D A B 343 0
lhz| U 40 D A d
lhzu| U 41 D A d
lhzux| U 31 D A B 311 0
lhzx| 1U 31 D A B 279 0
lwz| U 32 D A d
lwzu| U 33 D A d
Iwzux | 1U 31 D A B 55 0
lwzx | 1U 31 D A B 23 0

Table A-13. Integer Store Instructions

Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
stb| U 38 S A d
stbu| IU 39 S A d
stbux | 1U 31 S A B 247 0
stbx| U 31 S A B 215 0
sth| IU 44 S A d
sthu| U 45 S A d
sthux| IU 31 S A B 439 0
sthx | 1U 31 S A B 407 0
stw| IU 36 S A d
stwu | U 37 S A d
stwux | U 31 S A B 183 0
stwx | U 31 S A B 151 0
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Table A-14. Integer Load and Store with Byte Reversal Instructions

Name EU O 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
lhbrx | 1U 31 D A B 790 0
lwbrx | 1U 31 D A B 534 0

sthbrx| IU 31 S A B 918 0

stwbrx| U 31 S A B 662 0

Table A-15. Integer Load and Store Multiple Instructions

Name EU O 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Imw 4| U 46 D A d

stmw 4| 1U 47 S A d

Table A-16. Integer Move String Instructions
Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Iscbxx 34| U 31 D A B 277 Rc
Iswi 4| 1U 31 D A NB 597 0
Iswx 4| 1U 31 D A B 533 0
stswi 4| U 31 S A NB 725 0
stswx 4| 1U 31 S A B 661 0
Table A-17. Memory Synchronization Instructions

Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
eieio| 1U 31 00000 00000 00000 854 0
isync| 1U 19 00000 00000 00000 150 0
Iwarx | U 31 D A B 20 0

stwex. | U 31 S A B 150 1
sync| IU 31 00000 00000 00000 598 0
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Table A-18. Floating-Point Load Instructions

Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Ifd [FPU 50 D A d
Ifdu | FPU 51 D A d
Ifdux | FPU 31 D A B 631 0
Ifdx |FPU 31 D A B 599 0
Ifs |FPU 48 D A d
Ifsu | FPU 49 D A d
Ifsux | FPU 31 D A B 567 0
Ifsx | U, 31 D A B 535 0
FPU
Table A-19. Floating-Point Store Instructions
Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
stfd | FPU 54 frs A d
stfdu [FPU 55 frS A d
stfdux [FPU 31 frS A B 759 0
stfdx | FPU 31 frS A B 727 0
stfs| IU, 52 frS A d
FPU
stfsu | I1U, 53 frS A d
FPU
stfsux | IU, 31 frS A B 695 0
FPU
stfsx | U, 31 frS A B 663 0
FPU
Table A-20. Floating-Point Move Instructions
Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
fabsx|FPU 63 D 00000 B 264 Rc
fmrx|FPU 63 D 00000 B 72 Rc
fnabsx|FPU 63 D 00000 B 136 Rc
fnegx|FPU 63 D 00000 B 40 Rc
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Table A-21. Branch Instructions

Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
bx|BPU 18 LI AAILK
bcx|BPU 16 BO BI BD AAILK
bccetrx|BPU 19 BO BI 00000 528 LK
bclrx|BPU 19 BO BI 00000 16 LK

Table A-22. Condition Register Logical Instructions

Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
crand| IU 19 crbD crbA crbB 257 0
crandc| IU 19 crbD crbA crbB 129 0
creqv| U 19 crbD crbA crbB 289 0
crnand| U 19 crbD crbA crbB 225 0
crnor | U 19 crbD crbA crbB 33 0
cror| U 19 crbD crbA crbB 449 0
crorc| IU 19 crbD crbA crbB 417 0
crxor| U 19 crbD crbA crbB 193 0
mcerf| 1U 19 crfD 00 crfS 00 00000 0 0

Table A-23. System Linkage Instructions

Name EU 0O 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
rfi ] U 19 00000 00000 00000 50 0
sc| IU 17 00000 00000 0000000000000O0O0 1]0

Table A-24. Trap Instructions

Name EU 0O 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
tw] IU 31 TO A B 4 0
twi | 1U 03 TO A SIMM
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Table A-25. Move to/from Special Purpose Register Instructions

Name EU O 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
merxr | 1U 31 crfs | 00 00000 00000 512 0
mfcr | 1U 31 D 00000 00000 19 0
mfmsr 1| 1U 31 D 00000 00000 83 0
mfspr 2| U 31 D SPR 339 0
mtcrf| U 31 S 0 CRM 0 144 0
mtmsr 1| 1U 31 S 00000 00000 146 0
mtspr 2| 1U 31 D SPR 467 0
Table A-26. Cache Management Supervisor-Level Instruction
Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
debi *f U 31 00000 A B 470 0
Table A-27. User-Level Cache Instructions
Name EU O 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
cles 3| U 31 D A 00000 531 Rc
debf| U 31 00000 A B 86 0
dcbst| U 31 00000 A B 54 0
debt| U 31 00000 A B 278 0
debtst| 1U 31 00000 A B 246 0
dcbz| 1U 31 00000 A B 1014 0
Table A-28. Segment Register Manipulation Instructions
Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mfsr 1| 1U 31 D 0 SR 00000 595 0
mfsrin 1| 1U 31 D 00000 B 659 0
mtsr 1| 1U 31 S 0 SR 00000 210 0
mtsrin 1| 1U 31 S 00000 B 242 0
Table A-29. Translation Lookaside Buffer Management Instruction
Name EU 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
tlbie | 1L 31 00000 00000 B 306 0
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Table A-30. External Control Instructions

5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Name EU
eciwx| IU 31 D A B 310 0
ecowx | IU 31 S A B 438 0
1 Supervisor-level instruction.
2 supervisor- and user-level instruction.
3 Non-PowerPC instruction implemented by the 601 for POWER architecture compatibility.
4 Load or store string or multiple word instruction.
5 64-bit instruction.
A-27
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A.4 Complete Instruction List Sorted by Form
Table A-31 through Table A-45 list the instructions grouped by form.

Key:
I:I Reserved bits I:I Instruction not implemented in the 601
Table A-31. I-Form
OPCD LI AAILK
Specific Instruction
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
bx 18 LI AAILK
Table A-32. B-Form
OPCD BO Bl BD AAILK
Specific Instruction
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
bcx 16 BO Bl BD AAILK
Table A-33. SC-Form
OPCD 00000 00000 000000000000000 1{0
Specific Instruction
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
sc 17 00000 00000 000000000000000 10

Table A-34. D-Form

OPCD D A d

OPCD D A SIMM
OPCD S A d

OPCD S A UIMM
OPCD cfD |O|L A SIMM
OPCD cfD |O|L A UIMM
OPCD TO A SIMM
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Name
addi
addic
addic.
addis
andi.
andis.
cmpi
cmpli
dozi 3
bz
Ibzu
Ifd
Ifdu
Ifs
Ifsu
lha
Ihau
lhz
Ihzu
Imw
lwz
lwzu
mulli
ori
oris
stb
stbu
stfd
stfdu

stfs

OPCD

OPCD

frS

Specific Instructions

0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
14 D A SIMM
12 D A SIMM
13 D A SIMM
15 D A SIMM
28 S A UMM
29 S A UIMM
11 cfb |O|L A SIMM
10 cfD |O|L A UIMM
9 D A SIMM
34 D A d
35 D A
50 D A d
51 D A d
48 D A d
49 D A d
42 D A d
43 D A d
40 D A d
41 D A d
46 D A d
32 D A d
33 D A d
7 D A SIMM
24 S A UMM
25 S A UMM
38 S A d
39 S A
54 frS A d
55 frS A d
52 frS A d
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stfsu 53 frS A d
sth 44 S A d
sthu 45 S A d
stmw 4 47 S A d
stw 36 s A d
stwu 37 S A d
subfic 08 D A SIMM
tdi ° 02 TO A SIMM
twi 03 TO A SIMM
XOri 26 S A UIMM
Xoris 27 S A UIMM
Table A-35. DS-Form
OPCD D A ds 2
Specific Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Id ® 58 D A ds 0
Idu ® 58 D A ds 1
lwa ® 58 D A ds 2
std ® 62 S A ds 00
stdu ® 62 S A ds 1
Table A-36. X-Form
OPCD D A B X0 0
OPCD D A B X0 Rc
OPCD D 00000 B X0 0
OPCD D 00000 B X0 Rc
OPCD D 00000 00000 X0 0
OPCD D 00000 00000 X0 Rc
OPCD D 0 SR 00000 X0 0
OPCD S A B X0 Rc
OPCD s A B X0 1
OPCD S A B X0 0
OPCD S A 00000 X0 Rc
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OPCD S 00000 B X0 0
OPCD S 00000 00000 X0 0
OPCD S 0 SR 00000 XO 0
OPCD S A SH XO Rc
OPCD cfdb |O|L B X0 0
OPCD crfD 00 B X0 0
OPCD crfD 00 crfS 00 00000 X0 0
OPCD crfS 00 00000 00000 XO 0
OPCD crbD 00 00000 IMM 0 XO Rc
OPCD TO A B X0 0
OPCD 00000 A B X0 0
OPCD 00000 00000 00000 X0 0

Specific Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
andx 31 S A B 28 Rc
andcx 31 S A B 60 Rc
cmp 31 cfD |O]|L A B 0 0
cmpl 31 cfd |O|L A B 32 0
cntlzd ® 31 S A 00000 58 Rc
cntlzwx 31 S A 00000 26 Rc
dcbf 31 00000 A B 86 0
dcbil 31 00000 A B 470 0
dcbst 31 00000 A B 54 0
dchbt 31 00000 A B 278 0
dcbtst 31 00000 A B 246 0
dchz 31 00000 A B 1014 0
eciwx 31 D A B 310 0
ecowx 31 S A B 438 0
eieio 31 00000 00000 00000 854 0
eqvx 31 S A B 284 Rc
extsbx 31 S A 00000 954 Rc
extshx 31 S A 00000 922 Rc
extsw ° 31 S A 00000 986 Rc
fabsx 63 D 00000 B 264 Rc
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fetid °
fetidz °
fefid
fctiwx
fctiwzx
fcmpo
fcmpu
fmrx
fnabsx
fnegx
frspx
icbi
Ibzux
Ibzx
Idux °
ldx S
Idarx °
Ifdux
[fdx
Ifsux
Ifsx
Ihaux
Ihax
Ihbrx
Ihzux
Ihzx

Ischxx 34

Iswi 4
Iswx 4
Iwarx
Iwbrx
lwzux

Iwzx

Iwaux ®

lwax °

63 D 00000 B 814 Rc
63 D 00000 B 815 Rc
63 D 00000 B 846 Rc
63 D 00000 B 14 Rc
63 D 00000 B 15 Rc
63 crfD 00 A B 32 0
63 crfD 00 A B 0000000000 0
63 D 00000 B 72 Rc
63 D 00000 B 136 Rc
63 D 00000 B 40 Rc
63 D 00000 B 12 Rc
31 00000 A B 982 0
31 D A B 119 0
31 D A B 87 0
31 D A B 58] 0
31 D A B 21 0
31 D A B 84 0
31 D A B 631 0
31 D A B 599 0
31 D A B 567 0
31 D A B 535 0
31 D A B 375 0
31 D A B 343 0
31 D A B 790 0
31 D A B 311 0
31 D A B 279 0
31 D A B 277 Rc
31 D A B 597 0
31 D A B 533 0
31 D A B 20 0
31 D A B 534 0
31 D A B 55 0
31 D A B 23 0
31 D A B 373 0
31 D A B 341 0
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maskgx 3 31 S A B 29 Rc
maskirx 3 31 S B 541 Rc
mcrfs 63 cfD [ 00 [ crfs | 00 00000 64 0
merxr 31 crfs | 00 00000 00000 512 0
mfcr 31 D 00000 00000 19 0
mffsx 63 D 00000 00000 583 Rc
mfmsr 31 D 00000 00000 83 0
mfsr 1 31 D 0 SR 00000 595 0
mfsrin 31 D 00000 B 659 0
mtfsb0x 63 crbD 00000 00000 70 Rc
mtfsblx 63 crbD 00000 00000 38 Rc
mtfsfix 63 crbD 00 00000 IMM 0 134 Rc
mtmsr 1 31 s 00000 00000 146 0
mtsr ! 31 S 0 SR 00000 210 0
mtsrin 1 31 S 00000 B 242 0
nandx 31 S A B 476 Rc
norx 31 S A B 124 Rc
orx 31 S A B 444 Rc
orcx 31 s A B 412 Rc
rribx 3 31 S A B 537 Rc
slbia 15 31 00000 00000 00000 498 0
slbie 15 31 00000 00000 B 434 0
sld ® 31 S A B 27 Rc
slex? 31 S A B 153 Rc
slegx 3 31 S A B 217 Rc
sligx 3 31 S A SH 184 Rc
slligx 3 31 S A SH 248 Rc
sligx® 31 S A B 216 Rc
slgx 3 31 S A B 152 Rc
slwx 31 S A B 24 Rc
srad ° 31 S A B 794 Rc
sragx 3 31 S A B 920 Rc
sraigx 3 31 S A SH 952 Rc
srawx 31 S A B 792 Rc
srawix 31 S A SH 824 Rc
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srd ®

srex3

sreax 3
sreqx?3
srigx?
srligx 3
srigx 3

srgx 3
Srwx
stbux
stbx
stdex. ®
stdux ®
stdx ®
stfdux
stfdx
stfsux
stfiwx
stfsx
sthbrx
sthux
sthx
stswi 4
stswx 4
stwbrx
stwcex.
Sstwx
stwux
sync

td °
tibia®
tibie *

tibsync t

tw

Xorx

31 S A B 539 Rc
31 S A B 665 Rc
31 S A B 921 Rc
31 S A B 729 Rc
31 S A SH 696 Rc
31 S A SH 760 Rc
31 S A B 728 Rc
31 S A B 664 Rc
31 S A B 536 Rc
31 S A B 247 0
31 S A B 215 0
31 S A B 214 1
31 S A B 181 0
31 S A B 149 0
31 frS A B 759 0
31 frS A B 727 0
31 frS A B 695 0
31 frS A B 983 0
31 frS A B 663 0
31 S A B 918 0
31 S A B 439 0
31 S A B 407 0
31 S A NB 725 0
31 S A B 661 0
31 S A B 662 0
31 S A B 150 1
31 S A B 151 0
31 S A B 183 0
31 00000 00000 00000 508 0
31 TO A B 68 0
31 00000 00000 00000 370 0
31 00000 00000 B 306 0
31 00000 00000 00000 566 0
31 TO A B 4 0
31 S A B 316 Rc
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Table A-37. XL-Form

OPCD BO Bl 00000 XO LK
OPCD crbD crbA crbB XO 0
OPCD crfD 00 crfS 00 00000 0000000000 0
OPCD 00000 00000 00000 X0 0

Specific Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
bcetrx 19 BO Bl 00000 528 LK
bclrx 19 BO Bl 00000 16 LK
crand 19 crbD crbA crbB 257 0
creqv 19 crbD crbA crbB 289 0
crnand 19 crbD crbA crbB 225 0
crnor 19 crbD crbA crbB 33 0
cror 19 crbD crbA crbB 449 0
crorc 19 crbD crbA crbB 417 0
crxor 19 crbD crbA crbB 193 0
isync 19 00000 00000 00000 150 0
mcrf 19 crfD 00 crfS 00 00000 0000000000 0
rfi 1 19 00000 00000 00000 50 0
Table A-38. XFS-Form
OPCD D SPR XO 0
OPCD S 0 CRM 0 XO 0
OPCD D TBR XO 0
Specific Instructions
Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mfspr 2 31 D SPR 339 0
mtspr 2 31 D SPR 467 0
mtcrf 31 S 0 CRM 0 144 0
mftb 31 D TBR 371 0
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Table A-39. XFL-Form

OPCD

FM

0

frB

X0

Rc

Specific Instruction

Name 0 6 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mtfsfx 31 0 FM 0 frB 711 Rc
Table A-40. XS-Form
OPCD S A SH X0 SH[Rc
Specific Instruction
Name 0 6 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
sradi ® 31 S A SH 413 SH|RC
Table A-41. XO-Form
OPCD D A B OF X0 Rc
OPCD D A B 0 X0 RC
OPCD D A 00000 [OH X0 RC
Specific Instructions
Name O 6 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
absx?3 31 D A 00000 [OH 360 Rc
addx 31 D A B OF 266 Rc
addcx 31 D A B OE 10 RC
addex 31 D A B OE 138 RC
addmex 31 D A 00000 [OH 234 Rc
addzex 31 D A 00000 OE 202 Rc
divx 3 31 D A B OF 331 Rc
divd ° 31 D A B OFE 489 Rc
divdu ® 31 D A B OE 457 Rc
divsx?3 31 D A B OE 363 RC
divwx 31 D A B OH] 491 Rc
divwux 31 D A B OE 459 RC
dozx?3 31 D A B OFE 264 Rc
mulx 3 31 D A B OE 107 RC
mulhd ° 31 D A B 0 73 Rc
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mulhdu ® 31 D A B 0 9 Rc
mulhwx 31 D A B 0 75 Rc
mulhwux 31 D A B 0 11 Rc
mulld ° 31 D A B ol= 233 Rc
mullwx 31 D A B ol= 235 Rc
nabsx 3 31 D A 00000 ol= 488 Rc
negx 31 D A 00000 OH| 104 Rc
subfx 31 D A B OE 40 Rc
subfcx 31 D A B ol= 8 Rc
subfex 31 D A B ol= 136 Rc
subfmex 31 D A 00000 [OE 232 Rc
subfzex 31 D A 00000 [OH 200 Rc
Table A-42. A-Form
OPCD D A B 00000 X0 Rc
OPCD D A B C XO Rc
OPCD D A 00000 C XO Rc
OPCD frD 00000 frB 00000 XO Rc
Specific Instructions
Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
faddx 63 D A B 00000 21 Rc
faddsx 59 D A B 00000 21 Rc
fdivx 63 D A B 00000 18 Rc
fdivsx 59 D A B 00000 18 Rc
fmaddx 63 D A B Cc 29 Rc
fmaddsx 59 D A B C 29 Rc
fmsubx 63 D A B C 28 Rc
fmsubsx 59 D A B Cc 28 Rc
fmulx 63 D A 00000 C 25 Rc
fmulsx 59 D A 00000 C 25 Rc
fnmaddx 63 D A B Cc 31 Rc
fnmaddsx 59 D A B Cc 31 Rc
fanmsubx 63 D A B c 30 Rc
fnmsubsx 59 D A B C 30 Rc
fresx 59 frD 00000 frB 00000 24 Rc
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fsubx 63 D A B 00000 20 Rc
fsubsx 59 D A B 00000 20 Rc
Table A-43. M-Form
OPCD S A SH MB ME Rc
OPCD S A B MB ME Rc
Specific Instructions
Name 0 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
rimix 3 22 S A SH MB ME Rc
rlwimix 20 S A SH MB ME Rc
rlwinmx 21 S A SH MB ME Rc
rlwnmx 23 S A B MB ME Rc
Table A-44. MD-Form
OPCD S A SH MB XO |SH|Rc
OPCD S A SH ME XO |SH|Rc
Specific Instructions
Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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Table A-45. MDS-Form
OPCD S A B MB XO |SH|Rc

OPCD S A SH ME XO [SH|Rc

Specific Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ridcl ® 30 S A B MB 8 Rc
rider ® 30 S A B ME 9 Rc

1 Supervisor-level instruction.

2 Supervisor- and user-level instruction.

3 Non-PowerPC instruction implemented by the 601 for POWER architecture compatibility.
4 Load or store string or multiple word instruction.

5 64-bit instruction.
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Appendix B
POWER Architecture Cross Reference

This appendix identifies the incompatibilities that must be managed in migration from the
POWER architecture to PowerPC architecture. Some of the incompatibilities can, at least
in principle, be detected by the processor, which traps and lets software simulate the
POWER operation. Others cannot be detected by the processor.

In general, the incompatibilities identified here are those that affect a POWER application
program. Incompatibilities for instructions that can be used only by POWER system
programs are not discussed. Note that this appendix describes incompatibilities with
respect to the PowerPC architecture in general. The PowerPC 601 microprocessor is more
closely compatible with the POWER architecture. POWER instructionsimplemented in the
601 arelisted in Table B-4.

B.1 New Instructions, Formerly Supervisor-Level
Instructions

Instructions new to the PowerPC architecture typically use opcode values (including
extended opcode) that are illegal in the POWER architecture. A few instructions that are
supervisor-level in the POWER architecture (for example, dclz, called dcbz in the
PowerPC architecture) have been made non-supervisor-level in the PowerPC architecture.
Any POWER program that executes one of these now-valid or now-non-supervisor-level
instructions, expecting to cause the system illegal instruction error handler (program
exception) or the system supervisor-level instruction error handler to be invoked, will not
execute correctly on PowerPC processors.

B.2 Newly Supervisor-Level Instructions

The following instructions are user-level in the POWER architecture but are supervisor-
level in PowerPC processors.

e mfmsr
e mfsr
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B.3 Reserved Bits in Instructions

These are shown with '/'sin the instruction opcode definitions. In the POWER architecture
such bits are ignored by the processor. In PowerPC architecture they must be O or the
instruction formisinvalid. In several casesthe PowerPC architecture assumesthat such bits
in POWER instructions are indeed 0. The cases include the following:

* cmpi, cmp, cmpli, and cmpl assume that bit 10 in the POWER instructionsis O.
* mtspr and mfspr assume that bits 16-20 in the POWER instructions are O.

B.4 Reserved Bits in Registers

The POWER architecture defines these bits to be O when read, and either O or 1 when
written to. In the PowerPC architecture it is implementation-dependent, for each register,
whether these bits are 0 when read and ignored when written to or are copied from source
to target when read or written to.

B.5 Alignment Check

The AL bit in the POWER machine-state register, MSR[24], is not supported in the
PowerPC architecture. The bit is reserved in the PowerPC architecture. The low-order bits
of the EA are always used. Notice that the value 0—the normal value for a reserved SPR
bit—means “ignore the low-order EA bits’ in the POWER architecture, and the value 1
means “use the low-order EA bits.” However, MSR[24] is not assigned new meaning in the
PowerPC architecture.

B.6 Condition Register

The following instructions specify afield in the CR explicitly (viathe BF field) and aso
have the record bit option. In the PowerPC architecture, if Rc = 1 for these instructions the
instruction form isinvalid. In the POWER architecture, if Rc = 1 the instructions execute
normally except as shown in Table B-1.

Table B-1. Condition Register Settings

Instruction Setting
cmp CRO is undefined if Rc = 1 and BF # 0
cmpl CRO is undefined if Rc =1 and BF # 0
mcrxr CRO is undefined if Rc =1 and BF # 0
fcmpu CR1 is undefined if Rc =1
fcmpo CR1 is undefined if Rc =1
mcrfs CR1 is undefined if Rc =1 and BF # 1
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B.7 Inappropriate Use of LK and Rc bits

For the instructions listed below, if LK = 1 or Rc = 1, POWER processors execute the
instruction normally with the exception of setting the link register (if LK = 1) or the
condition register field 0 or 1 (if Rc = 1) to an undefined value. In the PowerPC architecture,
such instruction forms areinvalid.

PowerPC instruction formisinvalid if LK = 1:

e st (svcinthe POWER architecture)

» Condition register logical instructions
 mcrf

* isync (icsin the POWER architecture)

PowerPC instruction formisinvalid if Rc=1:

* Integer X-form load and store instructions
* Integer X-form compare instructions
» X-form trap instruction

e mtspr, mfspr, mterf, merxr, mfer, mtmsr, mfmsr, mtsr, mtsrin, tlbi, eciwx,
ecowx, clcs, mfsr, mfsrin, sync, eieio, icli

» Floating-point X-form load and store instructions and floating-point compare
instructions

* mcrfs
* dcbz (dclz in the POWER architecture)

B.8 BO Field

The POWER architecture shows certain bits in the BO field—used by branch conditional
instructions—as x without indicating how these bits are to be interpreted. These bits are
ignored by POWER processors. The PowerPC architecture treats these bits differently, as
shown in Table B-2.

Table B-2. Differences in the BO Field

BO Field Description
BO[0-3] The PowerPC architecture shows the bits as z. If it is not cleared, the instruction form is
invalid.
BO[4] This bit, which is shown as x in the POWER architecture independent of the other four

bits—is shown in the PowerPC architecture as y. It gives a hint about whether the
branch is likely to be taken. If a POWER program has the wrong value for this bit, the
program runs correctly but performance may suffer.
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B.9 Branch Conditional to Count Register

For the case in which the count register is decremented and tested (that is, the case in which
BO[2] = 0), the POWER architecture specifies only that the branch target address is
undefined, implying that the count register, and the link register (if LK = 1), areupdated in
the normal way. The PowerPC architecture considers this instruction form invalid.

B.10 System Call/Supervisor Call

The System Call (sc) instruction in the PowerPC architecture is called Supervisor Call
(svex) inthe POWER architecture. Differences in implementations are as follows:

» The POWER architecture provides a version of the Supervisor Call instruction (bit
30 = 0) that allowsinstruction fetching to continue at any one of 128 locations. It is
used for “fast SVCs.” The PowerPC architecture provides no such version

» ThePOWER architecture providesaversion of the Supervisor Call instruction (bits
30-31 = b'11") that resumes instruction fetching at one location and sets the link
register to the address of the next instruction. The PowerPC architecture provides no
such version:; if bit 31 of the instruction is 1, the instruction form isinvalid.

» For the POWER architecture, information from the MSR is saved in the count
register. For the PowerPC architecture, thisinformation is saved in SRR1.

» The POWER architecture permits bits 1629 of the Supervisor Call (sc) instruction
to be nonzero, while in the PowerPC architecture, such an instruction formis
invalid.

Because bits 16-29 of the sc instruction are regarded as reserved for the POWER
architecture, they are ignored by the 601.

» The POWER architecture saves the low-order 16 bits of the Supervisor Call
instruction in the count register; the PowerPC architecture does not save them.

» The settings of the M SR bits by the system call exception differ between the
POWER architecture and the PowerPC architecture.

B.11 Integer Exception Register (XER)

Bits 18-23 of the XER are reserved in the PowerPC architecture, whereas in the POWER
architecture they are defined to contain the comparison byte for thelschbx instruction, which
is not included in the PowerPC architecture.

B.12 Update Forms of Memory Access

The PowerPC architecture requires that r A not be equal to either r D (integer load only) or
0. If therestriction isviolated, the instruction formisinvalid. See Appendix D, “ Classes of
Instructions,” for information about invalid instructions. The POWER architecture permits
these cases and simply avoids saving the EA.
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B.13 Multiple Register Loads

The PowerPC architecture requiresthat r A and rB if present in the instruction format, not
be in the range of registers to be loaded, while the POWER architecture permits this and
does not ater rA or rB in this case. (The PowerPC architecture restriction applies even if
rA = 0, although there is no obvious benefit to the restriction in this case since rA is not
used to compute the effective addressif rA = 0.) If the PowerPC architecture restriction is
violated, the instruction form isinvalid. The instructions affected are listed as follows:

e Imw (Im in the POWER architecture)

* |swi (Isi inthe POWER architecture)
* Iswx (Isx in the POWER architecture)

Thus, for example, an Imw instruction that loads all 32 registersis valid in the POWER
architecture but is an invalid form in the PowerPC architecture.

B.14 Alignment for Load/Store Multiple

The PowerPC architecture requires the EA to be word-aligned and yields an alignment
exception or boundedly undefined resultsif it isnot. The POWER architecture specifiesthat
an alignment exception occurs (if AL = 1).

B.15 Load String Instructions

In the PowerPC architecture, an Iswx instruction with zero length leaves the content of rD
undefined, while in the POWER architecture the corresponding instruction (Isx) does not
aterrD.

B.16 Synchronization

Thesyncinstruction (called dcsin the POWER architecture) causes amuch more pervasive
synchronization in the PowerPC architecture than in the POWER architecture. For more
information, refer to Chapter 10, “Instruction Set.”
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B.17 Move to/from SPR

Differences in how the Move to/from Specia Purpose Register (mtspr and mfspr)
instructions are as follows:

* The SPRfieldis 10 bitslong in the PowerPC architecture, but only 5 in POWER
architecture.

» The mfspr instruction can be used to read the decrementer (DEC) register in user-
level mode in the POWER architecture, but only in supervisor state in the PowerPC
architecture.

» |f the SPR value specified in the instruction is not one of the defined values, the
PowerPC architecture considers the instruction form invalid. (In user mode, the
allowed SPR values exclude those accessible only in supervisor mode.) The
POWER architecture does not alter any architected registersin this case and
generates a program exception if the instruction is executed in user mode and
SPR[0]=1.

For PowerPC processors except the 601 processor, a program exception is generated for an
attempt to execute an mtspr or mfspr instruction with SPR[0—4]=0 (which denotesthe MQ
register). Similarly, a program exception is generated for attempts to execute an mfspr
instruction with SPR[0-4] = 6 (which denotes reading the decrementer register in the
POWER architecture).

B.18 Effects of Exceptions on FPSCR Bits FR and FlI

For the following cases, the POWER architecture does not specify how the FR and Fl bits
are set, while the PowerPC architecture preserves them for illegal operation exceptions
caused by compare instructions and clears them otherwise:

* Invalid operation exception (enabled or disabled)

» Zero divide exception (enabled or disabled)
» Disabled overflow exception

B.19 Floating-Point Store Instructions

The POWER architecture uses FPSCR[UE] to help determine whether denormalization
should be done, while the PowerPC architecture does not. Using FPSCR[UE] is in fact
incorrect: in the PowerPC architecture if FPSCR[UE] = 1 and a denormalized single-
precision number is copied from one memory location to another by means of an Ifs
instruction followed by an stfsinstruction, the two “copies’ may not be the same.

B.20 Move from FPSCR

The POWER architecture defines the high-order 32 bits of the result of mffs to be x'FFFF
FFFF'. In the PowerPC architecture they are undefined.
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B.21 Clearing Bytes in the Data Cache

The dclz instruction of the POWER architecture and the dcbz instruction of the PowerPC
architecture have the same opcode. However, the functions differ in the following respects:
* Thedclzinstruction clears aline; dcbz clears ablock (a sector in the 601).
* Thedclzinstruction savesthe EA inrA (if rA # 0); dcbz does not.
e Thedclz instruction is supervisor-level; dcbz is not.

B.22 Segment Register Instructions

The definitions of the four segment register instructions (mtsr, mtsrin, mfsr, and mfsrin)
differ in two respects between the POWER architecture and the PowerPC architecture.
Instructions similar to mtsrin and mfsrin are called mtsri and mfsri in the POWER
architecture.

Privilege—mfsr and mfsri are user-level instructions in the POWER architecture, while
mfsr and mfsrin are supervisor-level in the PowerPC architecture.

Function—the indirect instructions (mtsri and mfsri) in the POWER architecture use an
r A register in computing the segment register number, and the computed EA is stored into
rA (if rAz0andrA #rD); in the PowerPC architecture mtsrin and mfsrin have norA
field and EA is not stored.

The mtsr, mtsrin (mtsri), and mfsr instructions have the same opcodes in the PowerPC
architecture as in the POWER architecture. The mfsri instruction in the POWER
architecture and the mfsrin instruction in PowerPC architecture have different opcodes.

B.23 TLB Entry Invalidation

The tlbi instruction of the POWER architecture and the tlbie instruction of the PowerPC
architecture have the same opcode. However, the functions differ in the following respects.

» Thetlbi instruction computesthe EA as(rA|0) + (rB), whiletlbielacksanrA field
and computes the EA as (rB).

» Thetlbi instruction savesthe EA inr A (if rA # 0); tibielacksanr A field and does
not save the EA.

B.24 Timing Facilities

This section describes differences between the POWER architecture and the PowerPC
architecture timer facilities.

B.24.1 Real-Time Clock

The 601 implements a POWER-based RTC. Note that the POWER RTC is not supported
in the PowerPC architecture. Instead, the PowerPC architecture provides atime base (TB).
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Both the RTC and the time base are 64-bit specia purpose registers, but they differ in the
following respects.

e The RTC counts seconds and nanoseconds, while the TB counts “ticks.” The
frequency of the RTC isimplementation-dependent.

e The RTC increments discontinuously—1 is added to RTCU when the value in
RTCL passes 999 999 999. The TB increments continuously—1 is added to TBU
when the value in TBL passes x'FFFF FFFF.

 TheRTC iswritten and read by the mtspr and mfspr instructions, using SPR
numbers that denote the RTCU and RTCD. The TB iswritten to and read by the
instructions mtspr and mftb.

¢ The SPR numbersthat denote RTCL and RTCU areinvalid in the PowerPC
architecture except the 601.

* TheRTC isguaranteed to increment at least once in the time required to execute 10
Add Immediate (addi) instructions. No anal ogous guarantee is made for the TB.

* Not all bits of RTCL need be implemented, while all bits of the TB must be
implemented.

B.24.2 Decrementer

The PowerPC architecture DEC register decrements at the same rate that the TB
increments, while the POWER decrementers decrement every nanosecond (which is the
same rate that the RTC increments).

Not al bits of the POWER DEC need be implemented, while all bits of the PowerPC
architecture DEC must be implemented.

B.25 Deleted Instructions

Table B-3 lists the instructions that are part of the POWER architecture but have been
dropped from the PowerPC architecture. The POWER instructions that are implemented in
the 601 processor are identified in the table

Table B-3. POWER Instructions Deleted from PowerPC Architecture

Mnemonic Instruction Primary Secondary In_PowerPC 601

Opcode Opcode Microprocessor
abs Absolute 31 360 Yes
cles Cache Line Compute Size 31 531 Yes
clf Cache Line Flush 31 118 No
cli Cache Line Invalidate 31 502 No
dclst Data Cache Line Store 31 630 No
div Divide 31 331 Yes
divs Divide Short 31 363 Yes
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Table B-3. POWER Instructions Deleted from PowerPC Architecture (Continued)

Mnemonic Instruction Primary Secondary In_PowerPC 601
Opcode Opcode Microprocessor
doz Difference or Zero 31 264 Yes
dozi Difference or Zero Immediate 09 — Yes
Iscbx Load String and Compare Byte Indexed 31 277 Yes
maskg Mask Generate 31 29 Yes
maskir Mask Insert from Register 31 541 Yes
mfsrin Move from Segment Register Indirect 31 627 Yes
mul Multiply 31 107 Yes
nabs Negative Absolute 31 488 Yes
rac Real Address Compute 31 818 No
rimi Rotate Left then Mask Insert 22 — Yes
rrib Rotate Right and Insert Bit 31 537 Yes
sle Shift Left Extended 31 153 Yes
sleq Shift Left Extended with MQ 31 217 Yes
sliq Shift Left Immediate with MQ 31 184 Yes
sllig Shift Left Long Immediate with MQ 31 248 Yes
sliq Shift Left Long with MQ 31 216 Yes
slq Shift Left with MQ 31 152 Yes
sraiq Shift Right Algebraic Immediate with MQ 31 952 Yes
sraq Shift Right Algebraic with MQ 31 920 Yes
sre Shift Right Extended 31 665 Yes
srea Shift Right Extended Algebraic 31 921 Yes
sreq Shift Right Extended with MQ 31 729 Yes
srig Shift Right Immediate with MQ 31 696 Yes
srliq Shift Right Long Immediate with MQ 31 760 Yes
srlg Shift Right Long with MQ 31 728 Yes
srq Shift Right with MQ 31 664 Yes
svex Supervisor Call, with SA =0 17 0 No

Note: Many of these instructions use the MQ register. The MQ is not defined in the PowerPC architecture, but is
implemented in the 601 processor.
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B.26 POWER Instructions Supported by the PowerPC
Architecture
Table B-4 lists the POWER instructions implemented in the PowerPC architecture.

Table B-4. POWER Instructions Implemented in PowerPC Architecture

POWER PowerPC

Mnemonic Instruction Mnemonic Instruction
ax Add addcx Add Carrying
aex Add Extended addex Add Extended
ai Add Immediate addic Add Immediate Carrying
ai. Add Immediate and Record addic. Add Immediate Carrying and Record
amex Add to Minus One Extended addmex Add to Minus One Extended
andil. AND Immediate Lower andi. AND Immediate
andiu. AND Immediate Upper andis. AND Immediate Shifted
azex Add to Zero Extended addzex Add to Zero Extended
bcex Branch Conditional to Count Register | bcctrx Branch Conditional to Count Register
berx Branch Conditional to Link Register belrx Branch Conditional to Link Register
cal Compute Address Lower addi Add Immediate
cau Compute Address Upper addis Add Immediate Shifted
caxx Compute Address addx Add
cntlzx Count Leading Zeros cntlzwx Count Leading Zeros Word
dclz Data Cache Line Set to Zero dcbz Data Cache Block Set to Zero
dcs Data Cache Synchronize sync Synchronize
extsx Extend Sign extshx Extend Sign Half Word
fax Floating Add faddx Floating-Point Add
fdx Floating Divide fdivx Floating-Point Divide
fmx Floating Multiply fmulx Floating-Point Multiply
fmax Floating Multiply-Add fmaddx Floating-Point Multiply-Add
fmsx Floating Multiply-Subtract fmsubx Floating-Point Multiply-Subtract
fnmax Floating Negative Multiply-Add fnmaddx Floating-Point Negative Multiply-Add
fnmsx Floating Negative Multiply-Subtract fnmsubx Floating-Point Negative Multiply-Subtract
fsx Floating Subtract fsubx Floating-Point Subtract
ics Instruction Cache Synchronize isync Instruction Synchronize
I Load lwz Load Word and Zero
Ibrx Load Byte-Reverse Indexed Iwbrx Load Word Byte-Reverse Indexed
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Table B-4. POWER Instructions Implemented in PowerPC Architecture (Continued)

POWER PowerPC

Mnemonic Instruction Mnemonic Instruction
Im Load Multiple Imw Load Multiple Word
Isi Load String Immediate Iswi Load String Word Immediate
Isx Load String Indexed Iswx Load String Word Indexed
lu Load with Update lwzu Load Word and Zero with Update
lux Load with Update Indexed lwzux Load Word and Zero with Update

Indexed
Ix Load Indexed lwzx Load Word and Zero Indexed
mtsri Move to Segment Register Indirect mtsrin Move to Segment Register Indirect *
muli Multiply Immediate mulli Multiply Low Immediate
mulsx Multiply Short mullwx Multiply Low
oril OR Immediate Lower ori OR Immediate
oriu OR Immediate Upper oris OR Immediate Shifted
rlimix Rotate Left Immediate then Mask riwimix Rotate Left Word Immediate then Mask
Insert Insert
rlinmx Rotate Left Immediate then AND With | rlwinmx Rotate Left Word Immediate then AND
Mask with Mask

rinmx Rotate Left then AND with Mask rlwnmx Rotate Left Word then AND with Mask
sfx Subtract from subfex Subtract from Carrying
sfex Subtract from Extended subfex Subtract from Extended
sfi Subtract from Immediate subfic Subtract from Immediate Carrying
sfmex Subtract from Minus One Extended subfmex Subtract from Minus One Extended
sfzex Subtract from Zero Extended subfzex Subtract from Zero Extended
slx Shift Left slwx Shift Left Word
Srx Shift Right Srwx Shift Right Word
srax Shift Right Algebraic srawx Shift Right Algebraic Word
sraix Shift Right Algebraic Immediate srawix Shift Right Algebraic Word Immediate
st Store stw Store Word
stbrx Store Byte-Reverse Indexed stwbrx Store Word Byte-Reverse Indexed
stm Store Multiple stmw Store Multiple Word
stsi Store String Immediate stswi Store String Word Immediate
stsx Store String Indexed stswx Store String Word Indexed
stu Store with Update stwu Store Word with Update
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Table B-4. POWER Instructions Implemented in PowerPC Architecture (Continued)

POWER PowerPC
Mnemonic Instruction Mnemonic Instruction
stux Store with Update Indexed stwux Store Word with Update Indexed
Stx Store Indexed Stwx Store Word Indexed
svca Supervisor Call sc System Call
t Trap tw Trap Word
ti Trap Immediate twi Trap Word Immediate *
tibi TLB Invalidate Entry tibie Translation Lookaside Buffer Invalidate
Entry
xoril XOR Immediate Lower xori XOR Immediate
xoriu XOR Immediate Upper xoris XOR Immediate Shifted

* Supervisor-level instruction
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Appendix C

PowerPC Instructions Not Implemented

This appendix describes the 32-bit and 64-bit PowerPC instructions that are not
implemented in the PowerPC 601 microprocessor. It also provides the 32-bit and 64-bit
SPR encodings that are not implemented by the 601.

Table C-1 provides alist of 32-bit PowerPC instructions that are optional to the PowerPC
architecture but not implemented by the 601. Attempting to execute these instructions
causes an illegal instruction exception.

Table C-1. 32-Bit Instructions Not Implemented by the PowerPC 601

Microprocessor

Mnemonic

Instruction

fres

Floating-Point Reciprocal Estimate Single-Precision

frsqrte

Floating-Point Reciprocal Square Root Estimate

fsel

Floating-Point Select

fsqrt

Floating-Point Square Root

fsgrts

Floating-Point Square Root Single-Precision

mfspr 1

Move from Special Purpose Register

mftb

Move from Time Base

mtspr 1

Move to Special Purpose Register

stfiwx

Store Floating-Point as Integer Word Indexed

tibia

Translation Lookaside Buffer Invalidate All

tibsync

Translation Lookaside Buffer Synchronize

1 Some SPR encodings are not supported by the 601. These SPR encodings are listed in

Table C-2 and Table C-4.

Table C-2 provides alist of 32-bit SPR encodings that are not implemented by the 601.
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Table C-2. 32-Bit SPR Encodings Not Implemented by the PowerPC 601
Microprocessor

SPR Register
Name Access
Decimal | SPR[5-9] | SPR[0-4]
284 01000 11100 B Supervisor
285 01000 11101 TBU Supervisor
536 10000 11000 DBATOU Supervisor
537 10000 11001 DBATOL Supervisor
538 10000 11010 DBAT1U Supervisor
539 10000 11011 DBAT1L Supervisor
540 10000 11100 DBAT2U Supervisor
541 10000 11101 DBAT2L Supervisor
542 10000 11110 DBAT3U Supervisor
543 10000 11111 DBAT3L Supervisor

Table C-3 providesalist of 64-bit instructionsthat are not implemented by the 601, and that
generate an illegal instruction exception.

Table C-3. 64-Bit Instructions Not Implemented by the PowerPC 601
Microprocessor

Mnemonic Instruction
cntlzd Count Leading Zeros Double Word
divd Divide Double Word
divdu Divide Double Word Unsigned
extsw Extend Sign Word
fcfid Floating-Point Convert From Integer Double Word
fctid Floating-Point Convert to Integer Double Word
fctidz Floating-Point Convert to Integer Double Word with Round
toward Zero
Id Load Double Word
Idarx Load Double Word and Reserve Indexed
Idu Load Double Word with Update
Idux Load Double Word with Update Indexed
ldx Load Double Word Indexed
lwa Load Word Algebraic
Iwaux Load Word Algebraic with Update Indexed
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Table C-3. 64-Bit Instructions Not Implemented by the PowerPC 601
Microprocessor (Continued)

Mnemonic Instruction
Ilwax Load Word Algebraic Indexed
mulld Multiply Low Double Word
mulhd Multiply High Double Word
mulhdu Multiply High Double Word Unsigned
ridcl Rotate Left Double Word then Clear Left
ridcr Rotate Left Double Word then Clear Right
ridic Rotate Left Double Word Immediate then Clear
ridicl Rotate Left Double Word Immediate then Clear Left
ridicr Rotate Left Double Word Immediate then Clear Right
rldimi Rotate Left Double Word Immediate then Mask Insert
slbia SLB Invalidate All
slbie SLB Invalidate Entry
sld Shift Left Double Word
srad Shift Right Algebraic Double Word
sradi Shift Right Algebraic Double Word Immediate
srd Shift Right Double Word
std Store Double Word
stdex. Store Double Word Conditional Indexed
stdu Store Double Word with Update
stdux Store Double Word Indexed with Update
stdx Store Double Word Indexed
td Trap Double Word
tdi Trap Double Word Immediate

Table C-4 provides the 64-bit SPR encoding that is not implemented by the 601.

Table C-4. 64-Bit SPR Encoding Not Implemented by the PowerPC 601
Microprocessor

SPR .
Register
Name Access
Decimal SPR[5-9] SPR[0-4]
280 01000 11000 ASR Supervisor
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cntlzd Not Implemented in 601 cntlzd

Count Leading Zeros Double Word Integer Unit
cntlzd rA,rS (Rc=0)
cntlzd. rArS (Rc=1)
[ ] Reserved
31 s A 00000 58 Rc
0 56 10 11 15 16 20 21 30 31
n<0
do while n<64
if r§[n]=1 then leave
ne—n+l
rA<n

A count of the number of consecutive zero bits starting at bit O of register rSis placed into
rA. This number ranges from O to 64, inclusive.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
* Condition Register (CRO Field):
Affected: LT, GT, EQ, SO (Rc=1)

divd Not Implemented in 601 divd
Divide Double Word Integer Unit
divd rD,rA,rB (OE=0 Rc=0)
divd. rD,rA,rB (OE=0 Rc=1)
divdo rD,rArB (OE=1 Rc=0)
divdo. rD,rA,rB (OE=1Rc=1)

31 D A B OE 489 Rc
0 56 10 11 15 16 20 21 22 30 31

dividend[0-63] —rA
divisor[0-63] — rB
rD — dividend+divisor
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The 64-bit dividendisrA. The 64-bit divisor isrB. The 64-bit quotient of the dividend and
divisor is placed into rD. The remainder is not supplied as a result.

Both the dividend and the divisor are interpreted as signed integers. The quotient is the
unique signed integer that satisfies

dividend=(quotientdivisor)+r

where 0 < r < |divisor| if the dividend is non-negative, and —|divisor| < r< O if the dividend
IS negative.

If an attempt is made to perform any of the divisions

0x8000_0000_0000_0000 + -1
<anything> + 0

then the contents of r D are undefined.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
» Condition Register (CRO Field):
Affected: LT, GT, EQ, SO (if Rc=1)
» Exception Register:
Affected: SO, OV (if OE=1)
divdu Not Implemented in 601 divdu
Divide Double Word Unsigned Integer Unit
divdu rD,rA,rB (OE=0 Rc=0)
divdu. rD,rArB (OE=0 Rc=1)
divduo rD,rArB (OE=1 Rc=0)
divduo. rD,rArB (OE=1 Rc=1)
31 D A B OE 457 Rc
0 56 10 11 15 16 20 21 22 30 31

dividend[0-63] — rA

divisor[0-63] — rB

rD « dividend+divisor
The 64-bit dividendisrA. The 64-bit divisor isrB. The 64-bit quotient of the dividend and
divisor is placed into rD. The remainder is not supplied as a result.
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Both the dividend and the divisor are interpreted as unsigned integers. The quotient is the
unique unsigned integer that satisfies

dividend=(quotientdivisor)+r

where 0 < r < divisor.

If an attempt is made to perform the division
<anything> + 0

then the contents of r D are undefined.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
» Condition Register (CRO Field):
Affected: LT, GT, EQ, SO (if Rc=1)
* Exception Register:
Affected: SO, OV (if OE=1)
extsw Not Implemented in 601 extsw
Extend Sign Word
extsw rArS (Rc=0)
extsw. rA,rS (Rc=1)
[ ] Reserved
31 S A 00000 986 Rc
0 5 6 10 11 15 16 20 21 30 31
S<rg[32

rA[32-63] — rS[32-63]
rA[0-31] — (32)S

Register r §[32-63] are placed into r A[32—63]. Bit 32 of rSis placed into r A[0-31].
This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the system illegal instruction error handler to be invoked.
Other registers altered:
e Condition Register (CRO Field):
Affected: LT, GT, EQ, SO (if Rc=1)
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fcfid Not Implemented in 601 fcfid

Floating-Point Convert from Integer Double Word Floating-Point Unit
fcfid frD,frB (Rc=0)
fcfid. frD,frB (Rc=1)
[ ] Reserved
63 frD 00000 frB 846 Rc
0 5 6 10 11 15 16 20 21 30 31

The 64-bit signed fixed-point operand in register frB is converted to an infinitely precise
floating-point integer. If the result of the conversion is already in double-precision range it
is placed into register frD. Otherwise the result of the conversion is rounded to double-
precision using the rounding mode specified by FPSCR[RN] and placed into register frD.

FPSCR[FPRF] is set to the class and sign of the result. FPSCR[FR] is set if the result is
incremented when rounded. FPSCR[FI] is set if the result isinexact.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.
Other registers altered:
» Condition Register (CR1 Field):
Affected: LT, GT, EQ, SO (if Rc=1)
» Exception Register:
Affected: FPRF, FR, FI, FX, XX

fctid Not Implemented in 601 fctid
Floating-Point Convert to Integer Double Word
fctid frD,frB (Rc=0)
fctid. frD,frB (Rc=1)

[ ] Reserved

63 frD 00000 frB 814 Rc

0 5 6 10 11 15 16 20 21 30 31

The floating-point operand in fr B is converted to a 64-bit signed fixed-point integer, using
the rounding mode specified by FPSCR[RN], and placed into frD.

If the operand in frB is greater than 2%% — 1, frD is set to OX'7FFF_FFFF_FFFF_FFFF. If
the operand in fr B is less than —283, then frD is set to 0x'8000_0000_0000_0000'.
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Except for enabled invalid operation exceptions, FPSCR[FPRF] is undefined. FPSCR[FR]
isset if the result isincremented when rounded. FPSCR[FI] is set if the result isinexact.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.
Other registers altered:
* Condition Register (CR1 Field):
Affected: LT, GT, EQ, SO (if Rc=1)
» Exception Register:
Affected: FPRF (undefined), FR, FI, FX, XX, VXSNAN VXCVI

fctidz Not Implemented in 601 fctidz
Floating-Point Convert to Integer Double Word with Round toward Zero
fctidz frD,frB (Rc=0)
fctidz. frD,frB (Rec=1)
[ ] Reserved
63 frD 00000 frB 815 Rc
0 56 10 11 15 16 20 21 30 31

The floating-point operand in fr B is converted to a 64-bit signed fixed-point integer, using
the rounding mode round toward zero, and placed into frD.

If the operand in frB is greater than 253 — 1, frD is set to OX'7FFF_FFFF_FFFF_FFFF'. If
the operand in fr B is less than —283, then frD is set to 0x'8000_0000_0000_0000'.

Except for enabled invalid operation exceptions, FPSCR[FPRF] is undefined. FPSCR[FR]
isset if the result isincremented when rounded. FPSCR[FI] is set if the result isinexact.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.
Other registers altered:
* Condition Register (CR1 Field):
Affected: LT, GT, EQ, SO (if Rc=1)
* Exception Register:
Affected: FPRF (undefined), FR, FI, FX, XX, VXSNAN VXCVI
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fresx Not Implemented in 601 fresx

Floating-Point Reciprocal Estimate Single-Precision Floating-Point Unit
fres frD,frB (Rc=0)
fres. frD,frB (Rc=1)
[ ] Reserved
59 frD 00000 frB 00000 24 Rc
0 5 6 10 11 15 16 20 21 25 26 30 31

This PowerPC instruction is not implemented by the 601. Execution of thisinstruction will
invoke the illegal instruction handler. A description of the operation of this instruction is
provided for emulation purposes.

A single-precision estimate of the reciprocal of the floating-point operand inregister frB is
placed into register frD. The estimate placed into register frD is correct to a precision of
one part in 256 of the reciprocal of frB.

Operation with various special values of the operand is summarized below.

Operand Result Exception
-00 -0 None

-0 -c0* ZX

+0 +oo* ZX

+00 +0 None
SNaN QNaN** VXSNAN
QNaN QNaN None

* No result if FPSCR[ZE]=1.
** No result if FPSCR[VE]=L1.

FPSCR[FPRF] is set to the class and sign of the result, except for invalid operation
exceptions when FPSCR[VE]=1 and zero divide exceptions when FPSCR[ZE]=1.
Other registers altered:
e Condition Register (CR1 Field):
Affected: FX, FEX, VX, OX (if Rc=1)
* Floating-point Status and Control Register:
Affected: FX, OX, UX, ZX, VXSNAN, FPRF, FR (undefined), FI (undefined)
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frsq rte Not Implemented in 601 frsqrte

Floating-Point Reciprocal Square Root Estimate Floating-Point Unit
frsgrte frD,frB (Rc=0)
frsgrte. frD,frB (Rc=1)
[ ] Reserved
63 frD 00000 frB 00000 26 Rc
0 5 6 10 11 15 16 20 21 25 26 30 31

This PowerPC instruction is not implemented by the 601. Execution of thisinstruction will
invoke the illegal instruction handler. A description of the operation of this instruction is
provided for emulation purposes.

A double-precision estimate of the reciprocal of the square root of the floating-point
operand in register frB is placed into register frD. The estimate placed into register frD is
correct to aprecision of one part in 32 of the reciprocal of the square root of frB.

Operation with various special values of the operand is summarized below.

Operand Result Exception
-0 QNaN** VXSQRT
<0 QNaN** VXSQRT
-0 -00* ZX

+0 +oo* ZX

+00 +0 None
SNaN QNaN** VXSNAN
QNaN QNaN None

* No result if FPSCR[ZE]=1.
** No result if FPSCR[VE]=L1.

FPSCR[FPRF] is set to the class and sin of the result, except for invalid operation
exceptions when FPSCR[VE] = 1 and zero divide exceptions when FPSCR[ZE] = 1.
Other registers altered:
» Condition Register (CR1 Field):
Affected: FX, FEX, VX, OX (if Rc=1)
* Floating-point Status and Control Register:
Affected: FX, OX, UX, ZX, VXSNAN, FPRF, FR (undefined), FI (undefined)
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fselx Not Implemented in 601 fselx
Floating-Point Select Floating-Point Unit
fsel frD,frAfrCfrB (Rc=0)
fsel. frD,frAfrC,frB (Rc=1)

63 frD frA frB frC 23 Rc
0 5 6 10 11 15 16 20 21 25 26 30 31

if (frA)=0.0thenfrD  frC
elsefrD « (frB)

This PowerPC instruction is not implemented by the 601. Execution of thisinstruction will
invoke the illegal instruction handler. A description of the operation of this instruction is
provided for emulation purposes.

The floating-point operand in register fr A is compared to the value zero. If the operand is
greater than or equal to zero, register fr D is set to the contents of register fr C. If the operand
is less than zero or is a NaN, register frD is set to the contents of register frB. The
comparison ignores the sign of zero (i.e., regards +0 as equal to -0).
Other registers altered:
» Condition Register (CR1 Field):
Affected: FX, FEX, VX, OX (if Re=1)

Care must be taken in using fsel if IEEE compatibility is required, or if the values being
tested can be NaNs or infinities.

fsqrtx

Floating-Point Unit

fSCI rex Not Implemented in 601

Floating-Point Square Root

fsgrt frD,frB (Rc=0)
fsgrt. frD,frB (Rc=1)
[ ] Reserved
63 frD 00000 frB 00000 22 Rc
0 5 6 10 11 15 16 20 21 25 26 30 31

This PowerPC instruction is not implemented by the 601. Execution of thisinstruction will
invoke the illegal instruction handler. A description of the operation of this instruction is
provided for emulation purposes.

The square root of the floating-point operand in register fr B is placed into register frD.
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If the most significant bit of the resultant significand is not a one the result is normalized.
The result is rounded to the target precision under control of the floating-point rounding
control field RN of the FPSCR and placed into register frD.

Operation with various special values of the operand is summarized below.

Operand Result Exception
-00 QNaN* VXSQRT
<0 QNaN* VXSQRT
-0 -0 None
+00 +00 None
SNaN QNaN* VXSNAN
QNaN QNaN None

* No result if FPSCR[VE]=1.
FPSCR[FPRF] is set to the class and sign of the result, except for invalid operation
exceptions when FPSCR[V E]=1.
Other registers altered:
* Condition Register (CR1 Field):
Affected: FX, FEX, VX, OX (if Rc=1)
* Floating-point Status and Control Register:
Affected: FX, XX, VXSQRT, VXSNAN, FPRF, FR, FI

fSC]I‘tX Not Implemented in 601 fSC]I‘tX
Floating-Point Square Root Single-Precision Floating-Point Unit
fsgrts frD,frB (Rc=0)
fsgrts. frD,frB (Rc=1)
[ ] Reserved
59 frD 00000 frB 00000 22 Rc
0 56 10 11 15 16 20 21 25 26 30 31

This PowerPC instruction is not implemented by the 601. Execution of thisinstruction will
invoke the illegal instruction handler. A description of the operation of this instruction is
provided for emulation purposes.

The square root of the floating-point operand in register fr B is placed into register frD.

If the most significant bit of the resultant significand is not a one the result is normalized.
The result is rounded to the target precision under control of the floating-point rounding
control field RN of the FPSCR and placed into register frD.
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Operation with various special values of the operand is summarized below.

Operand Result Exception
-00 QNaN* VXSQRT
<0 QNaN* VXSQRT
-0 -0 None
+00 +00 None
SNaN QNaN* VXSNAN
QNaN QNaN None

* No result if FPSCR[VE]=1.
FPSCR[FPRF] is set to the class and sign of the result, except for invalid operation
exceptions when FPSCR[VE]=1.
Other registers altered:
e Condition Register (CR1 Field):
Affected: FX, FEX, VX, OX (if Rc=1)
* Floating-point Status and Control Register:
Affected: FX, XX, VXSQRT, VXSNAN, FPRF, FR, FI

|d Not Implemented in 601 |d
Load Double Word Integer Unit
Id rD,ds(rA)

58 D A ds 0
0 5 6 10 11 15 16 29 30 31

ifrA=0thenb~0

else b—rA

EA — b+EXTS(ds||0b00)
rD —« MEM(EA, 8)

EA isthe sum (r A|0)+(ds||Ob00). The double word in memory addressed by EA is |loaded
intorD.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the system illegal instruction error handler to be invoked.

Other registers altered:
* None
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ldarx Not Implemented in 601 l[darx

Load Double Word and Reserve Indexed Integer Unit
Idarx rD,rA,rB
[ ] Reserved
31 D A B 84 0
0 5 6 10 11 15 16 20 21 30 31

if rA=0Othenb~0

ese b—rA

EA — b+rB

RESERVE « 1

RESERVE_ADDR « func(EA)

rD « MEM(EA, 8)
EA isthe sum (rA|0)+(rB). The double word in memory addressed by EA is loaded into
rD.

Thisinstruction creates areservation for use by astore double word conditional instruction.
An address computed from the EA is associated with the reservation, and replaces any
address previously associated with the reservation.

EA must be amultiple of 8. If it is not, the system alignment error handler may be invoked
or the results may be boundedly undefined.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
* None
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ldu Not Implemented in 601 l[du

Load Double Word with Update Integer Unit
[du rD,ds(rA)

58 D A ds 1
0 5 6 10 11 15 16 29 30 31

EA — r A+EXTS(ds||0b00)
rD —« MEM(EA, 8)
rA —« EA

EA isthe sum (r A)+(ds]|0b00). The double word in memory addressed by EA isloaded into
rD.

EA isplacedintorA.
If rA=0or rA=rD, theinstruction formisinvalid.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
* None
l[dux Not Implemented in 601 l[dux
Load Double Word with Update Indexed Integer Unit
[dux rD,rA,rB
[ ] Reserved
31 D A B 53 0
0 5 6 10 11 15 16 20 21 30 31
EA —~rA+rB
rD — MEM(EA, 8)
rA — EA

EA isthesum (r A)+(rB). The double word in memory addressed by EA isloaded intorD.
EA isplacedintorA. If rA=0or rA=rD, theinstruction form isinvalid.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the system illegal instruction to be invoked.
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ld X Not Implemented in 601 |dx
Load Double Word Indexed

ldx rD,rArB
[ ] Reserved
31 D A B 21 0
0 56 10 11 15 16 20 21 30 31

ifrA=0thenb~0

ese b—rA

EA — b+rB

rD « MEM(EA, 8)
EA isthe sum (rA|0)+(rB). The double word in memory addressed by EA is loaded into
rD.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
* None
lwa Not Implemented in 601 lwa
Load Word Algebraic Integer Unit
lwa rD,ds(rA)
58 D A ds 2
0 56 10 11 15 16 2930 31

if rA=0thenb 0

ese b—rA

EA — b+EXTS(ds]||0b00)
rD —« EXTS(MEM(EA, 4))

EA is the sum (rA|0)+(ds||0b00). The word in memory addressed by EA is loaded into
rD[32-63]. Register rD[0-31] arefilled with a copy of bit O of the loaded word.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
* None
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lwaux Not Implemented in 601 lwaux

Load Word Algebraic with Update Indexed

lwaux rD,rA,rB
[ ] Reserved
31 D A B 373 0
0 56 10 11 15 16 20 21 30 31
EA —rA+rB
rD — EXTS(MEM(EA, 4))
rA — EA

EA isthesum (rA)+(rB). Theword in memory addressed by EA isloaded intor D[32-63].
Register rD[0-31] are filled with a copy of bit O of the loaded word. EA isplaced intorA.
If rA=0or rA=rD, theinstruction formisinvalid.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemiillegal instruction error handler to be invoked.

Other registers altered:
* None
lwax Not Implemented in 601 lwax
Load Word Algebraic Indexed
lwax rD,rA,rB
[ ] Reserved
31 D A B 341 0
0 56 10 11 15 16 20 21 30 31
if rA=0thenb 0
else b—rA
EA—~b+rB

rD — EXTS(MEM(EA, 4))

EA isthe sum (rA|0)+(rB). The word in memory addressed by EA isloaded into
rD[32-63]. Register r D[0-31] arefilled with a copy of bit O of the |oaded word.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the system illegal instruction error handler to be invoked.

Other registers altered:
* None
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mftb

Not Implemented in 601

mftb

Move from Time Base Integer Unit
mftb rD,TBR

[ ] Reserved

31 D TBR 371 0

0 5 6 10 11 20 21 30 31

n— TBR[5-9] || TBR[0-4]
if n=268 then
if (64-bit implementation) then
rDTB
else
rD « TB[32-63]
elseif n=269 then
if (64-bit implementation) then
rD « (32)0| TB[0-31]
else
rD « TB[0-31]
The TBR field denotes either the time base or time base upper, encoded as shown in
Table C-5. The contents of the designated register are copied to rD. When reading Time

Base Upper on a 64-bit implementation, the high-order 32 bits of rD are set to zero.

Table C-5. TBR Encodings for mftb

Decimal TBR* Register Access
TBR[5-9] TBR[0-4] Name
268 01000 01100 B User
269 01000 01101 TBU User

*Note that the order of the two 5-bit halves of the TBR number is

reversed.

If the TBR field contains any value other than one of the values shown in Table C-5, the

instruction form isinvalid.

Other registers altered:
* None
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mulhd Not Implemented in 601 mulhd

Multiply High Double Word Integer Unit
mulhd rD,rArB (Rc=0)
mulhd. rD,rA,rB (Rc=1)

31 D A B 0 73 Rc
0 5 6 10 11 15 16 20 21 22 30 31

prod[0-127] — rALTB
rD « prod[0-63]

The 64-bit multiplicands are rA and rB. The high-order 64 bits of the 128-bit product of
the multiplicands are placed into r D.

Both the multiplicands and the product are interpreted as signed integers.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the system illegal instruction error handler to be invoked.

Other registers altered:
e Condition Register (CRO Field):

Affected: LT, GT, EQ, SO (if Rc=1)
mulhdu Not Implemented in 601 mulhdu
Multiply High Double Word Unsigned Integer Unit
mulhdu rD,rArB (Rc=0)
mulhdu. rD,rArB (Rc=1)

31 D A B 0 9 Rc
0 56 10 11 15 16 20 21 22 30 31

prod[0-127] — rALIB
rD « prod[0-63]

The 64-bit multiplicands are r A and rB. The high-order 64 bits of the 128-bit product of
the multiplicands are placed into rD.

Both the multiplicands and the product are interpreted as unsigned integers.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.
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Other registers altered:
e Condition Register (CRO Field):

Affected: LT, GT, EQ, SO (if Rc=1)
mulld Not Implemented in 601 mulld
Multiply Low Double Word Integer Unit
mulld rD,rA,rB (OE=0 Rc=0)
mulld. rD,rArB (OE=0 Rc=1)
mulldo rD,rA,rB (OE=1 Rc=0)
mulldo. rD,rA,rB (OE=1 Rc=1)

31 D A OE 233 Rc
0 6 10 11 15 16 20 21 22 30 31

prod[0-127] — rALIB
rD « prod[64-127]

The 64-bit operands are rA and rB. The low-order 64 bits of the 128-bit product of the
operands are placed into rD.

If OE=1, then SO and OV are set to one if the product cannot be represented in 64 bits.

Both the operands and the product are interpreted as signed integers. However, theresult in
r D isindependent of whether the operands are interpreted as signed or unsigned integers.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
* Condition Register (CRO Field):

Affected: LT, GT, EQ, SO

* Exception Register:
Affected: SO OV

(if Re=1)

(if OE=1)
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ridcl Not Implemented in 601 ridcl

Rotate Left Double Word then Clear Left Integer Unit
ridcl rA,rSrB,MB (Rc=0)
ridcl. rA,rSrB,MB (Rc=1)
30 S A B MB 8 Rc
0 56 10 11 15 16 20 21 26 27 30 31
N« rB[58-63]

r —« ROTL[64](rS, n)
b~ MBJ[5] || MB[04]
m — MASK(b, 63)
FA—ré&m

The contents of r S are rotated[64] |eft the number of bits specified by rB[58—-63]. A mask
isgenerated having 1-bitsfrom bit MB through bit 63 and O-bits el sewhere. Therotated data
iISANDed with the generated mask and the result is placed into r A.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
* Condition Register (CRO Field):
Affected: LT, GT, EQ, SO (if Rc=1)
rldcr Not Implemented in 601 rldcr
Rotate Left Double Word then Clear Right Integer Unit
rider rA,rSrB,ME (Rc=0)
ridcr. rA,rSrB,ME (Rc=1)
30 S A B ME 9 Rc
0 56 10 11 15 16 20 21 26 27 30 31
n — rB[58-63]

r —« ROTL[64](rS, n)
e— ME[5] || ME[04]
m— MASK(O, €)
FA—ré&m
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The contents of r S are rotated[64] |eft the number of bits specified by rB[58—-63]. A mask
is generated having 1-bits from bit O through bit ME and O-bits elsewhere. The rotated data
iISANDed with the generated mask and the result is placed into rA.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the system illegal instruction error handler to be invoked.

Other registers altered:
e Condition Register (CRO Field):

Affected: LT, GT, EQ, SO (if Rc=1)
ridic Not Implemented in 601 rldic
Rotate Left Double Word Immediate then Clear Integer Unit
ridic rA,rS,SH,MB (Rc=0)
ridic. rA,rS,SH,MB (Rec=1)

30 S A SH MB 2 SH|Rc
0 56 10 11 15 16 20 21 26 27 2930 31

n— SH[5] || SH[0-4]

r —« ROTL[64](rS, n)

b MB[5] || MB[0-4]

m — MASK(b, = n)

A—=ré&m
The contents of r S are rotated[64] left SH bits. A mask is generated having 1-bits from bit
MB through bit 63-SH and 0-bits elsewhere. The rotated datais ANDed with the generated
mask and the result is placed into rA.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.
Other registers altered:
* Condition Register (CRO Field):
Affected: LT, GT, EQ, SO (if Rc=1)
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ridicl Not Implemented in 601 ridicl

Rotate Left Double Word Immediate then Clear Left Integer Unit
ridicl rA,rS,SH,MB (Rc=0)
ridicl. rA,rS,SH,MB (Rc=1)

30 S A SH MB 0 SH|Rc
0 5 6 10 11 15 16 20 21 26 27 2930 31

N« SH[3] | SH[0-4]
r —« ROTL[64](rS, n)
b~ MBJ[5] || MB[04]
m — MASK(b, 63)
FA—ré&m

The contents of r S are rotated[64] left SH bits. A mask is generated having 1-bits from bit
MB through bit 63 and O-bits elsewhere. The rotated data is ANDed with the generated
mask and the result is placed into rA.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
* Condition Register (CRO Field):

Affected: LT, GT, EQ, SO (if Rc=1)
rldicr Not Implemented in 601 ridicr
Rotate Left Double Word Immediate then Clear Right Integer Unit
ridicr rA,rS,SH,ME (Rc=0)
ridicr. rA,rS,SHME (Rc=1)

30 S A SH ME 1 SH|Rc
0 56 10 11 15 16 20 21 26 27 2930 31

N« SH[5] || SH[0-4]
r —« ROTL[64](rS, n)
e— ME[5] || ME[04]
m— MASK(O, €)
FA—ré&m
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The contents of r S are rotated[64] left SH bits. A mask is generated having 1-bits from bit
ME and O-bits el sawhere. The rotated dataisANDed with the generated mask and the result
isplaced intorA.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the system illegal instruction error handler to be invoked.

Other registers altered:
e Condition Register (CRO Field):

Affected: LT, GT, EQ, SO (if Rc=1)
rldimi Not Implemented in 601 rldimi
Rotate Left Double Word Immediate then Clear Left Integer Unit
ridimi rA,rS,SH,MB (Rc=0)
ridimi. rA,rS,SH,MB (Rec=1)

30 S A SH MB 3 SH|Rc
0 56 10 11 15 16 20 21 26 27 2930 31

N« SH[Y] || SH[0-4]

r —« ROTL[64](rS, n)

b —MBJ5] || MB[0-4]

m — MASK(b, = n)
A—(F&m)|(rA&-m)

The contents of r S are rotated[64] left SH bits. A mask is generated having 1-bits from bit
MB through bit 63-SH and O-bits elsewhere. The rotated data is inserted into r A under
control of the generated mask.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.
Other registers altered:
» Condition Register (CRO Field):
Affected: LT, GT, EQ, SO (if Rc=1)
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slbia Not Implemented in 601 slbia

SLB Invalidate All

[ ] Reserved

31 00000 00000 00000 498 0
0 56 10 11 15 16 20 21 30 31

All SLB entries— invalid

This PowerPC instruction is not implemented by the 601. Execution of thisinstruction will
invoke the illegal instruction handler. A description of the operation of this instruction is
provided for emulation purposes.

The SLB isinvalidated regardless of the settings of MSR[IT] and MSR[DT].
Thisinstruction is supervisor-level.
Thisinstruction is optional in PowerPC architecture.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause an illegal instruction type program exception.

It is not necessary that the ASR point to a valid segment table when issuing sibia.

Other registers altered:
* None
slbie Not Implemented in 601 slbie
SLB Invalidate Entry
shie rB
[ ] Reserved

31 00000 00000 B 434 0
0 5 6 10 11 15 16 20 21 30 31

EA — (rB)

if SLB entry existsfor EA, then
SLB entry — invalid

This PowerPC instruction is not implemented by the 601. Execution of thisinstruction will
invoke the illegal instruction handler. A description of the operation of this instruction is
provided for emulation purposes.
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EA is the contents of rB. If the segment lookaside buffer (SLB) contains an entry
corresponding to EA, that entry is made invalid (i.e., removed from the SLB).

The SLB search is done regardless of the settings of MSR[IT] and MSR[DT].
Block address trandation for EA, if any, isignored.

Thisinstruction is supervisor-level.

Thisinstruction is optional in PowerPC architecture.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause an illegal instruction type program exception.

Other registers altered:
None

It is not necessary that the ASR point to a valid segment table when issuing slbie.

sld Not Implemented in 601 sld
Shift Left Double Word Integer Unit
sd rA,rSrB (Rc=0)
dd. rArSrB (Rc=1)

31 S A B 27 Rc
0 5 6 10 11 15 16 20 21 30 31

n — rB[58-63]

r —« ROTL[64](rS, n)

if rB[57]=0 then

m — MASK(0, 63-n)
elsem « (64)0
A—r&m

The contents of r S are shifted left the number of bits specified by rB[57-63]. Bits shifted
out of position O arelost. Zeros are supplied to the vacated positions on the right. The result
isplaced into r A. Shift amounts from 64 to 127 give a zero result.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the system illegal instruction error handler to be invoked.

Other registers altered:
» Condition Register (CRO Field):
Affected: LT, GT, EQ, SO (if Rc=1)
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srad Not Implemented in 601 srad
Shift Right Algebraic Double Word Integer Unit
srad rA,rSrB (Rc=0)
srad. rA,rSrB (Rc=1)

31 S A 794 Rc
0 5 6 10 11 15 16 20 21 30 31

n — rB[58-63]

r —« ROTL[64](rS, 64-n)

if rB[57]=0 then

m— MASK(n, 63)
elsem  (64)0
S<rg0]

rA—(r&m)|(((64)S) & - m)
CA « S& ((r& - m)z0)

The contents of r S are shifted right the number of bits specified by r B[57-63]. Bits shifted
out of position 63 are lost. Bit 0 of rSisreplicated to fill the vacated positions on the | ft.
TheresultisplacedintorA. CA isset to 1if r Sisnegative and any 1-bits are shifted out of
position 63; otherwise CA is set to 0. A shift amount of zero causesrA to be set equal to
rS, and CA to be set to 0. Shift amounts from 64 to 127 give aresult of 64 sign bitsinrA,

and cause CA to receive the sign bit of rS.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the system illegal instruction error handler to be invoked.
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Other registers altered:
e Condition Register (CRO Field):

Affected: LT, GT, EQ, SO (if Rc=1)
» Exception Register:

Affected: CA
sradi Not Implemented in 601 sradi
Shift Right Algebraic Double Word Immediate Integer Unit
sradi rA,rS,SH (Rc=0)
sradi. rA,rS,SH (Rc=1)

31 S A SH 413 SH |Rc
0 5 6 10 11 15 16 20 21 30 31

N« SH[Y] || SH[0-4]

r —« ROTL[64](rS, 64-n)

m — MASK(n, 63)

S<rg0]

rA «(r& m) | (((64)S) & ~m)
CA —S& ((r& = m)z0)

The contents of r S are shifted right SH bits. Bits shifted out of position 63 are lost. Bit O of
rSisreplicated to fill the vacated positions on the left. The result is placed intorA. CA is
set to 1if rSis negative and any 1-bits are shifted out of position 63; otherwise CA is set

to 0. A shift amount of zero causesrA to be set equal to r S, and CA to be set to 0.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit

implementation will cause the system illegal instruction error handler to be invoked.

Other registers atered:
» Condition Register (CRO Field):
Affected: LT, GT, EQ, SO (if Rc=1)
» Exception Register:
Affected: CA
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srd Not Implemented in 601 srd

Shift Right Double Word Integer Unit
srd rA,rSrB (Rc=0)
srd. rA,rSrB (Rc=1)

31 S A B 539 Rc
0 56 10 11 15 16 20 21 30 31

n — rB[58-63]

r —« ROTL[64](rS, 64-n)

if rB[57]=0 then

m «— MASK(n, 63)
elsem  (64)0
A—=ré&m

The contents of r S are shifted right the number of bits specified by r B[57-63]. Bits shifted
out of position 63 are lost. Zeros are supplied to the vacated positions on the left. The result
isplaced into r A. Shift amounts from 64 to 127 give a zero result.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
e Condition Register (CRO Field):
Affected: LT, GT, EQ, SO (if Rc=1)
std Not Implemented in 601 std
Store Double Word Integer Unit
std rS,ds(rA)
62 S A ds 0
0 56 10 11 15 16 2930 31

if rA=0thenb~0

ese b—rA

EA — b + EXTS(ds||0b00)
(MEM(EA, 8)) «rS

EA is the sum (rA|0)+(ds||Ob00). Register rSis stored into the double word in memory
addressed by EA.
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This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
* None
stdcx. Not Implemented in 601 stdcx.
Store Double Word Conditional Indexed Integer Unit
stdex. rSrA,rB
31 S A B 214 1
0 5 6 10 11 15 16 20 21 30 31

if rA=0thenb 0
ese b—rA
EA~b+rB
if RESERVE then
(MEM(EA, 8)) —rS
RESERVE 0
CRO — 0b00 || Ob1 || XER[SO]
ese
CRO — 0b0O0 || 0bO || XER[SO]

EA isthe sum (r A|0)+(r B).

If areservation exists, rSis stored into the double word in memory addressed by EA and
the reservation is cleared.

If areservation does not exist, the instruction completes without altering memory.

CRO Field is set to reflect whether the store operation was performed (i.e., whether a
reservation existed when the stdcx. instruction commenced execution), as follows:

CRO[LT GT EQ SQJ + 0b00 || store_performed || XER[SO]

EA must be amultiple of 8. If it is not, the system alignment error handler may be invoked
or the results may be boundedly undefined.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.
Other registers altered:
* Condition Register (CRO Field):
Affected: LT, GT, EQ, SO
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stdu Not Implemented in 601 stdu

Store Double Word with Update Integer Unit
stdu rS,ds(rA)

62 s A ds 1
0 5 6 10 11 15 16 29 30 31

EA — r A+EXTS(ds||0b00)
(MEM(EA, 8)) S
rA —« EA

EA is the sum (rA)+(ds|[0Ob00). Register rS is stored into the double word in memory
addressed by EA.

EA isplacedintorA.
If rA=0, the instruction form isinvalid.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
* None
stdux Not Implemented in 601 stdux
Store Double Word with Update Indexed Integer Unit
stdux rSrArB
[ ] Reserved
31 S A B 181 0
0 5 6 10 11 15 16 20 21 30 31
EA ~rA+rB
MEM(EA, 8) « rS
rA —« EA

EA isthesum (rA)+(rB). Register r Sis stored into the double word in memory addressed
by EA.

EA isplaced intorA.

If rA=0, the instruction form isinvalid.
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This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
None
stdx Not Implemented in 601 stdx
Store Double Word Indexed Integer Unit
stdx rSrA,rB

[ ] Reserved

31 S A B 149 0

0 5 6 10 11 15 16 20 21 30 31

if rA=0Othenb~0

ese b—rA

EA — b+rB

(MEM(EA, 8)) « 1S
EA isthesum (rA|0)+(r B). Register r Sis stored into the double word in memory addressed
by EA.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
None
stfiwx Not Implemented in 601 stfiwx
Store Floating-Point as Integer Word Floating-Point Unit
stfiwx frSrA,rB

[ ] Reserved

31 frS A B 983 0

0 56 10 11 15 16 20 21 30 31

ifrA=0thenb<0

else b—rA

EA — b+rB

MEM(EA, 4) — fr§32-63]
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EA isthe sum (rA[0)+(rB).

The contents for the low-order 32 bits of register frS are stored, without conversion, into
the word in memory addressed by EA.

Other registers altered:
* None
td Not Implemented in 601 td
Trap Double Word Integer Unit
td TO,rA,rB
[ ] Reserved

31 TO A B 68 0
0 5 6 10 11 15 16 20 21 30 31

a—rA

b-rB

if (a<b) & TO[0] then TRAP

if (> b) & TO[1] then TRAP

if (a=b) & TO[2] then TRAP

if (a<U b) & TO[3] then TRAP

if (a>U b) & TO[4] then TRAP
The contents of r A is compared with the contents of rB. If any bit inthe TO field is set to
1 and its corresponding condition is met by the result of the comparison, then the system

trap handler isinvoked.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the system illegal instruction error handler to be invoked.

Other registers altered:
* None
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tdl Not Implemented in 601 tdl

Trap Double Word Immediate Integer Unit
tdi TO,rA,SIMM
02 TO A SIMM
0 56 10 11 15 16 31
a—rA

if (a< EXTS(SIMM)) & TO[0] then TRAP
if (a>EXTS(SIMM)) & TO[1] then TRAP
if (a= EXTS(SIMM)) & TO[2] then TRAP
if (a<U EXTS(SIMM)) & TO[3] then TRAP
if (a>U EXTS(SIMM)) & TO[4] then TRAP
The contents of r A are compared with the sign-extended SIMM field. If any bit inthe TO
field is set to 1 and its corresponding condition is met by the result of the comparison, then

the system trap handler isinvoked.

This instruction is defined only for 64-bit implementations. Using it on a 32-bit
implementation will cause the systemillegal instruction error handler to be invoked.

Other registers altered:
* None
tibia Not Implemented in 601 tibia
Translation Lookaside Buffer Invalidate All Integer Unit
[ ] Reserved
31 00000 00000 00000 NA 0
0 5 6 10 11 15 16 20 21 30 31

All TLB entries « invalid

This PowerPC instruction is not implemented by the 601. Execution of thisinstruction will
invoke the illegal instruction handler. A description of the operation of this instruction is
provided for emulation purposes.

Theentire TLB isinvalidated (that is, all entries are removed).
The TLB isinvalidated regardless of the settings of MSR[IT] and MSR[DT].
Thisisasupervisor-level instruction.

Thisinstruction is optional in PowerPC architecture.
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Other registers altered:

* None
It is not necessary that the ASR point to avalid segment table when issuing tlbia.
tl bsynC Not Implemented in 601 tl bsynC
TLB Synchronize
[ ] Reserved
31 00000 00000 00000 566 0
0 5 6 10 11 15 16 20 21 30 31

Thetlbsyncinstruction waitsuntil all previoustlbie, tibiex, and tlbia instructions executed
by the processor executing this instruction have been received and completed by all other
Processors.

Thisinstruction is supervisor-level.

Thisinstruction is optional in PowerPC architecture, but it must be implemented if any of
the following are true:

* A TLB invalidation instruction that broadcasts is implemented.
* Theeciwx or ecowx instructions are implemented.

Other registers altered:
* None
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Appendix D
Classes of Instructions

This appendix describes how the classes of PowerPC instructions are defined. The three
classifications are as follows:

* Defined

o lllega

* Reserved

Note that while the definitions of these terms are consistent among the PowerPC
processors, the assignment of these classifications is not. For example, an instruction that
is specific to 64-bit implementations is considered defined for 64-bit implementations, but
illegal for 32-bit implementations such as the PowerPC 601 microprocessor.

D.1 Classes of Instructions

The 601 is a 32-bit implementation of the PowerPC architecture with differences and
redefinitions noted throughout this document. Differences stem largely from the different
address bus sizes and compliance with POWER architecture.

All 601 instructions belong to one of the following three classes:
» Defined
* lllega
* Reserved

The class is determined by examining the opcode and the extended opcode, if any. If the
opcode, or combination of opcode and extended opcode, is not that of a defined instruction
nor of areserved instruction, theinstructionisillegal.

In future versions of the PowerPC architecture, instructions that are now illega may
become defined (by being added to the architecture) or reserved (by being assigned to one
of the special purposes). Likewise, reserved instructions may become defined.

D.1.1 Defined Instruction Class

Defined instructions are guaranteed to be supported in all PowerPC implementations,
except as stated in the instruction descriptions in Chapter 10, “Instruction Set.” The 601
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provides hardware support for most of the instructions defined for 32-bit implementations;
it does not provide direct hardware support for the instructions listed in Appendix C,
“PowerPC Instructions Not Implemented.”

The 601 invokesthe system illegal instruction error handler (part of the program exception)
when the unimplemented PowerPC instructions are encountered so they may be emulated
in software, as required.

A defined instruction can have invalid forms, as described in Section D.1.1.1, “Invalid
Instruction Forms.”

D.1.1.1 Invalid Instruction Forms

An instruction form is invalid if one or more operands, excluding opcodes, are coded
incorrectly. Attempting to execute an invalid form of an instruction either invokes the
system illegal instruction error handler (a program exception) or yields undefined results.
See Chapter 10, “Instruction Set,” for individual instruction descriptions.

Invalid forms result when a bit or operand is coded incorrectly, for example, or when a
reserved bit is shown as“0” but is coded asa*“1”. The following instructions have invalid
formsidentified in their individual instruction descriptions:

» Branch conditional instructions

» Load/store with update instructions

* Load multiple instructions

» Load string instructions

* Moveto/from special purpose register (mtspr, mfspr)

» Load/store floating-point with update instructions

In some cases, an invalid form of a PowerPC instruction is not an invalid form for the
corresponding POWER instruction. As a result, to maintain compatibility with POWER
applications, the 601 often handles PowerPC invalid forms as described in the POWER
architecture. In other cases, the 601 handles the invalid form in the manner that is most
convenient for that particular case. Each of the PowerPC invalid forms are addressed in this
document, and a description of how 601 handles each caseis provided.

D.1.2 lllegal Instruction Class
Illegal instructions can be grouped into the following categories:

* Instructions that are not implemented in the PowerPC architecture. These opcodes
are available for future extensions of the PowerPC architecture; that is, future
versions of the PowerPC architecture may define any of these instructions to
perform new functions. The following primary opcodes are illegal:

1,4,5,6, 56,57, 60, 61
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» Instructions that are implemented in the PowerPC architecture but are not
implemented in a specific PowerPC implementation (for example, instructions that
can be executed on 64-bit PowerPC processors are considered illegal for 32-bit
processors.

The following opcodes are defined for 64-bit implementations only and are illegal
on the 601:

2, 30, 58, 62

» The following primary opcodes have unused extended opcodes. Their unused
extended opcodes can be determined from informationin Section A.2, “ Complete
Instruction List Sorted by Opcode,” and Section D.1.3, “Reserved Instructions.”
Notice that extended opcodes for instructions that are defined only for 64-bit
implementations areillegal in 32-bit implementations. All unused extended
opcodes areillegal.

19, 31, 59, 63 (opcodes 30 and 62 areillegal for all 32-bit implementations, but as
64-bit opcodes they have some unused extended opcodes).

An attempt to execute an illegal instruction invokes the illegal instruction error handler (a
program exception) but has no other effect. See Section 5.4.7, “Program Exception
(x'00700",” for additional information about illegal and invalid instruction exceptions.

Note that an instruction consisting entirely of binary zeros is guaranteed to be an illegal
instruction. This increases the probability that an attempt to execute data or uninitialized
memory invokes the system illegal instruction error handler (a program exception). Note
that if only the primary opcode consists of all zeros, theinstruction is considered areserved
instruction, as described in Section D.1.3, “Reserved Instructions.”

With the exception of the instruction consisting entirely of binary zeros, the illegal
instructions are available for further additions to the PowerPC architecture.

D.1.3 Reserved Instructions

Reserved instructions are allocated to specific purposes outside the scope of the PowerPC
architecture. An attempt to execute areserved instruction either causes a program exception
or yields undefined results.

An attempt to execute areserved instruction invokes theillegal instruction error handler (a
program exception); however, the 601 executes many POWER architecture instructions
that otherwise are not part of the PowerPC architecture. See Section 5.4.7, “Program
Exception (x'00700",” for additional information about illegal and invalid instruction
exceptions.

Theinstructionsin this class are allocated to specific purposes that are outside the scope of
the PowerPC user instruction set architecture, PowerPC virtual environment architecture,
and PowerPC operating environment architecture.

Appendix D. Classes of Instructions D-3



The following types of instructions are included in this class:

1. Instructions for the POWER architecture that have not been included in the
PowerPC user instruction set architecture

2. Implementation-specific instructions used to conform to the PowerPC
architecture specifications

3. Theinstruction with primary opcode 0, when the instruction does not consi st
entirely of binary zeros

4. Any other implementation-specific instructions that are not defined in the PowerPC
user instruction set architecture, PowerPC virtual environment architecture, or the
PowerPC operating environment architecture
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Appendix E
Multiple-Precision Shifts

This appendix gives examples of how multiple precision shifts can be programmed. A
multiple-precision shift isinitially defined to be a shift of an n-word quantity, where n>1.
The quantity to be shifted is contained in n registers. The shift amount is specified either by
an immediate value in the instruction or by bits 27-31 of aregister.

The examples shown below distinguish between the casesn =2 and n > 2. If n = 2, the shift
amount may be in the range 0-63, which are the maximum ranges supported by the shift
instructions used. However if n > 2, the shift amount must be in the range 0-31, for the
examples to yield the desired result. The specific instance shown for n > 2 isn = 3:
extending those instruction sequences to larger n is straightforward, asis reducing them to
the case n = 2 when the more stringent restriction on shift amount is met. For shifts with
immediate shift amounts only the case n = 3 isshown, because the more stringent restriction
on shift amount is always met.

In the examplesit is assumed that GPRs 2 and 3 (and 4) contain the quantity to be shifted,
and that the result is to be placed into the same registers. In all cases, for both input and
result, the lowest-numbered register contains the highest-order part of the data and highest-
numbered register containsthe lowest-order part. For nonimmediate shifts, the shift amount
is assumed to be in bits 27-31 (32-bit mode) of GPR6. For immediate shifts, the shift
amount is assumed to be greater than 0. GPRs 0-31 are used as scratch registers. Forn > 2,
the number of instructions required is 2N — 1 (immediate shifts) or 3N — 1 (nonimmediate
shifts).

E.1 Multiple-Precision Shift Examples

The examples shown here are for 32-bit mode, but they work both in 32-bit mode of a 64-
bit implementation and in a 32-bit implementation. They perform the shift in units of
words. If the ability to run in 32-bit implementations is not required, in a 64-bit
implementation better performance can be obtained in 32-bit mode than that of the
examples shown above, by using all 64 bits of GPRs 2 and 3 (and 4) to contain the quantity
to be shifted, and placing the result into al 64 bits of the same registers.

Let n be the number of words to be shifted.
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Shift Left Immediate, n = 3 (Shift Amount < 32)
rkwinmr2,r2, SH, 0, 31- SH
rlwim r2,r3,SH, 32-SH, 31
rlwinmr3,r3, SH 0, 31- SH
riwim r3,r4, SH, 32- SH, 31
rlwinmr4,r4, SH, 0, 31- SH

Shift Left, n = 2 (Shift Amount < 64)
subfic r31,r6, 32

slw r2,r2,r6
Srw ro,r3,r31
or r2,r2,r0

addic r31,r6,-32
slw ro,r3,r31
or r2,r2,r0
slw r3,r3,r6

Shift Left, n = 3 (Shift Amount < 32)
subfic r31,r6, 32

slw r2,r2,r6
Srw ro,r3,r31
or r2,r2,r0
slw r3,r3,r6
Srw ro,r4,r31
or r3,r3,r0

slw rd,r4,r6

Shift Right Immediate, n = 3 (Shift Amount < 32)
rlwvinmr4,r4, 32-SH, SH, 31

rlwm r4,r3,32-SH, 0,SH 1

rlwinmr3,r3, 32-SH, SH, 31

rlwim r3,r2,32-SH 0, SH 1
rlwinmr2,r2,32-SH, SH, 31

Shift Right, n = 2 (Shift Amount < 64)
subfic r31,r6, 32

Srw r3,r3,r6
sl w ro,r2,r31
or r3,r3,r0

addic r31,r6,-32
srw ro,r2,r31
or r3, r3,r0
Srw r2,r2,r6

Shift Right, n = 3 (Shift Amount < 32)
subfic r31,r6, 32

Ssrw rd,r4,r6
slw ro,r3,r31
or rd, r4,r0
Srw r3,r3,r6
slw ro,r2,r31
or r3, r3,r0
Srw r2,r2,r6
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Shift Right Algebraic Immediate, n = 3 (Shift Amount < 32)
rlwvinmr4,r4, 32-SH, SH, 31

rlwm r4,r3,32-SH, 0,SH 1

rlwinmr3,r3, 32-SH, SH, 31

rlwim r3,r2,32-SH, 0,SH 1

Sraw r2,r2,SH

Shift Right Algebraic, n = 2 (Shift Amount < 64)
subfic r31,r6, 32

Srw r3,r3,r6
sl w ro,r2,r31
or r3,r3,r0

addic. r31,r6,-32
Sraw ro,r2,r31
bl e $+8

ori r3,ro,0
Sraw r2,r2,r6

Shift Right Algebraic, n = 3 (Shift Amount < 32)
subfic r31,r6, 32

Srw rda,r4,r6
slw ro,r3,r31
or rd,r4,r0
Srw r3,r3,r6
slw ro,r2,r31
or r3,r3,r0

Sraw r2,r2,r6
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Appendix F
Floating-Point Models

Thisappendix gives examples of how the floating-point conversion instructions can be used
to perform various conversions.

F.1 Conversion from Floating-Point Number to
Signed Fixed-Point Integer Word

The full convert to signed fixed-point integer word function can be implemented with the
sequence shown below, assuming that the floating-point value to be converted isin FPR1,
the result is returned in GPR3, and a double word at displacement “disp” from the address
in GPR1 can be used as scratch space.

fetiwz] f2,f1 #convert to fx int
stfd f2,disp(rl) #store fl oat
| wz r3,disp+4(rl) #l oad word and zero

F.2 Conversion from Floating-Point Number to
Unsigned Fixed-Point Integer Word

Thefull convert to unsigned fixed-point integer word function can be implemented with the
sequence shown below, assuming that the floating-point value to be converted isin FPR1,
the value 0 isin FPRO, the value 232 is in FPR3, the value x'0000 0000 7FFF FFFF' isin
FPR4, the value 2°1 isin FPR5 and GPR5, the result is returned in GPR3, and a double
word at displacement “disp” from the address in GPR1 can be used as scratch space.

fsel f2,f1,f1,f0 #use 0 if <O

fsub f5f3,f1 #use max if > max
fsel f2,f5,f2,f3

fsub f5,f2,f4 #subtract 2**31
fcnpu cr2,f2,f4 #use diff if = 2**31
fsel f2,f5,f5,f2

fetiwz] 2,12 #convert to fx int
stfd f2,disp(rl) #store fl oat

| wz r3,disp+4(rl) #l oad word

bl t cr2, $+8 #add 2**31 if input
add r3,r3, r4 #was = 2**31
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F.3 Floating-Point Models

This section describes models for floating-point instructions.

F.3.1 Floating-Point Round to Single-Precision Model
The following agorithm describes the operation of the Floating-Point Round to Single-
Precision (frsp) instruction.

| f FRB[1-11] <897 and FRB[ 1-63] >0 t hen
Do

I f FPSCR[ UE] =0 then goto Di sabl ed Exponent Underfl ow
I f FPSCR[ UE] =1 then goto Enabl ed Exponent Underfl ow
End

If FRB[1-11] >1150 and FRB[1-11] <2047 then
Do

I f FPSCR[ OE] =0 then goto Di sabl ed Exponent Overfl ow
I f FPSCR[ CE] =1 then goto Enabl ed Exponent Overfl ow
End

| f FRB[1-11] >896 and FRB[1-11] <1151 t hen goto Normal Operand
If FRB[1-63]=0 then goto Zero Operand
If FRB[1-11] =2047 then

Do

I f FRB[12-63]=0 then goto Infinity Operand

If FRB[12] =1 then goto QNaN Operand

I f FRB[12] =0 and FRB[ 13-63] >0 t hen goto SNaN Oper and
End

Disabled Exponent Under flow:

sign —~ FRBO
I f FRB[1-11] =0 t hen
Do

exp « -1022
frac « b'0" || FRB[12-63]
End

If FRB[1-11] >0 t hen
Do

exp < FRB[1-11] - 1023
frac « b'1" || FRB[12-63]
End
Denor nal i ze oper and:
G|| R]|] X < b'000
Do whil e exp<-126
exp « exp +1

frac || G||] R||] X « b0 || frac || G||] (R]| X
End
FPSCRIUX] ~ frac[24-52] || G || R || X0
If frac[24-52] || G || R || X>0 then FPSCR XX] 1

Round si ngl e(sign, exp,frac, G R X)
If frac=0 then
Do
FRTOO « sign
FRTO[1-63] ~ O
If sign=0 then FPSCR FPRF] ~ "+zero"
If sign=1 then FPSCR FPRF] ~ "-zero"
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End
If frac>0 then
Do
If frac[0]=1 then
Do

If sign=0 then FPSCR[ FPRF] ~ "+nornal nunber"

If sign=1 then FPSCR FPRF] ~ "-normal nunber"
End

If frac[0]=0 then
Do

If sign=0 then FPSCR[ FPRF] ~ "+denornalized nunber"
If sign=1 then FPSCR FPRF] ~ "-denormualized nunber"”
End
Nor mal i ze oper and-
Do while frac[0]=0
exp « exp-1
frac || G|| R « frac[1-52] || G|| R|] b0
End
FRT[0] ~ sign
FRT[1-11] « exp + 1023
dFRT[12—63] ~ frac[1-23] || b' 0 0000 0000 0000 0000 0000 0000 0000
En
Done

Enabled Exponent Under flow

FPSCRIUX] ~ 1

sign « FRB[O]

I f FRB[1-11] =0 t hen
Do

exp « -1022
frac « b'0" || FRB[12-63]
End
If FRB[1-11]>0 then
Do

exp ~ FRB[1-11] - 1023
frac « b'1" || FRB[12-63]
End
Nor mal i ze oper and—
Do while frac[0] =0
exp « exp -1
frac -« frac[1-52] || b' 0O
End
I f frac[24-52]>0 then FPSCR[ XX] ~ 1
Round si ngl e(sign, exp, frac, 0, 0, 0)
exp < exp + 192
FRT[ 0] ~ sign
FRT[ 1-11] ~ exp + 1023
FRT[ 12-63] ~ fracl-23 || b'0 0000 0000 0000 0000 0000 0000 0000
If sign=0 then FPSCR FPRF] ~ "+normal nunber"
If sign=1 then FPSCR FPRF] ~ "-normal nunber"
Done

Disabled Exponent Overflow

inc <0

FPSCRIOX] ~ 1

FPSCR[ XX] « 1

If FPSCRIRN] = b’ 00" then/* Round to Nearest */
Do

inc <1
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If FRB[0]=0 then FRT ~ x'7FF0 0000 0000 0000
If FRB[0]=1 then FRT ~ x' FFFO 0000 0000 0000
If FRB[0] =0 then FPSCR[ FPRF] ~ "+infinity"
If FRB[0O]=1 then FPSCR[ FPRF] ~ "-infinity"
End
If FPSCRIRN]= b’ 01’ then/* Round Truncate */
Do

(b'0" || FRB[1-63]) < x'047EF FFFF EO00 0000' then inc ~1
FRB[ 0] =0 then FRT ~ x'47EF FFFF EO0O0 0000’
FRB[ 0] =1 then FRT ~ x' C7EF FFFF EO0O 0000'
FRB[ 0] =0 t hen FPSCR FPRF] ~ "+normal nunber"
If FRB[O] =1 then FPSCR FPRF] ~ "-normal nunber"

End
If FPSCRIRN] = b' 10" then /* Round to +Infinity */

Do

— —h —h —h

FRB[0]=0 then inc <0

(FRB[0]=1 & (FRB > x' C7TEF FFFF E000 0000' then inc « 1)
FRB[ 0] =0 then FRT ~ x'7FFO0 0000 0000 0000

FRB[ 0] =1 then FRT ~ x'C7EF FFFF EOOO0 0000

FRB[ 0] =0 then FPSCR FPRF] ~ "+infinity"

I
I
I
I
I
If FRB[O] =1 then FPSCR FPRF] ~ "-normal nunber"

—h —h —h —h —h —h

End
If FPSCRIRN] = b'11' then/* Round to -Infinity */
Do

f FRB[0]=0 & FRB < x'47EF FFFF EO0O0 0000') then inc ~ 1

(1
If FRB[O]= 1 then inc « 1
If FRB[0]=0 then FRT ~ x'47EF FFFF EO0O0 0000
If FRB[0O]=1 then FRT ~ x'FFFO 0000 0000 0000
If FRB[O] =0 then FPSCR[ FPRF] ~ "+normal nunber"
If FRB[0O]=1 then FPSCR[ FPRF] ~ "-infinity"
End

FPSCRFR] ~ inc

FPSCR FI] « 1

Done

Enabled Exponent Overflow

sign « FRB[O]
exp < FRB[1-11] - 1023
frac « b'1" || [12-63]
If frac[24-52]>0 then FPSCR XX] ~ 1
Round si ngl e(sign, exp, frac, 0,0, 0)
Enabl ed Overfl ow
FPSCRIOX] ~ 1
exp —~ exp - 192
FRT[0] « sign
FRT[ 1-11] ~ exp + 1023
FRT[ 12-63] ~ frac[1-23] || b'0 0000 0000 0000 0000 0000 0000 0000
If sign=0 then FPSCR[ FPRF] ~ "+normal numnber"
If sign=1 then FPSCR FPRF] ~ "-normal nunber"
Done

Zero Operand

FRT - FRB

If FRB[0]=0 then FPSCR FPRF] ~ "+zero"
If FRB[0]=1 then FPSCR] FPRF] ~ "-zero"
FPSCRIFR FI] ~ b'o00

Done
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Infinity Operand

FRT - FRB

If FRB[0]=0 then FPSCR[ FPRF] ~ "+infinity"

If FRB[O0]=1 then FPSCR[ FPRF] ~ "-infinity" Done

\aN Oper and-

FRT —~ FRB[0-34] || b'0 0000 0000 0000 0000 0000 0000 0000

FPSCR[ FPRF] ~ "QNaN'
FPSCR[FR FI] < b' 00
Done

QNaN Operand

FRT —~ FRB[0-34] || b'0 0000 0000 0000 0000 0000 0000 0000
FPSCR FPRF] ~ "Q\aN'

FPSCRIFR FI] < b'00'

Done

SNaN Operand

FPSCR[ VXSNAN] « 1

| f FPSCR[ VE] =0 then
Do

FRT[ 0-11] — FRB[0-11]
FRT[12] < 1
FRT[ 13-63] ~ FRB[13-34] || b'0 0000 0000 0000 0000 0000 0000

0000’
FPSCR[ FPRF] ~ "QNaN'
End
FPSCRIFR FI] <« b'00'
Done

Normal Operand

sign « FRB[O]

exp < FRB[1-11] - 1023

frac « b'1 || FRB[12-63]

If frac[24-52]>0 then FPSCR[ XX] ~ 1

Round si ngl e(si gn, exp, frac, 0, 0, 0)

I f exp>+127 and FPSCR[ CE] =0 then go to Di sabl ed Exponent Overfl ow
I f exp>+127 and FPSCR[ CE] =1 then go to Enabl ed Overfl ow

FRT[0] ~ sign

FRT[ 1-11] ~ exp + 1023

FRT[ 12-63] ~ frac[1-23] || b'0 0000 0000 0000 0000 0000 0000 0000
If sign=0 then FPSCR FPRF] ~ "+normal nunber™

If sign=1 then FPSCR FPRF] ~ "-normal nunber"

Done

Round Single (sign,exp,frac,G,R,X)

inc « O

Isb « frac[23]

ghit « frac[24]

rbit — frac[25]

xbit < (frac[26-52]| |G| R | X)#0
I f FPSCR[ RN] =b' 00" then

Do
If sign || Isb |] gbit || rbit || xbit = b’ulluu’ then inc ~1
If sign || Isb |] gbit || rbit || xbit = b’u011u’ then inc ~1
If sign || Isb [] gbit || rbit || xbit = b’ u0lul’ then inc ~1
End

I f FPSCR[ RN = b’ 10" t hen
Do
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If sign I sb ghi t rbit xbit = b'Quluu' then inc ~ 1
If sign | sb gbi t rbit xbit = b'Ouulu' then inc « 1
If sign I sb ghi t rbit xbit = b'Quuul" then inc ~ 1

End

If FPSCR[RN] = b'11' then

Do
If sign I sb gbi t rbit xbit = b luluu' then inc ~ 1
If sign I sb gbi t rbit xbit = b'luulu' then inc - 1
If sign I sb gbi t rbit xbit = b luuul' then inc ~ 1

End

frac[0-23] « frac[0-23] + inc
If carry_out=1 then
Do

frac[0-23] ~ b'1" || frac[0-22]
exp - exp +1
End
FPSCRIFR] ~ inc
FPSCR[FI] ~ gbit | rbit | xbit
Ret urn

F.3.2 Floating-Point Convert to Integer Model

The following algorithm describes the operation of the floating-point convert to integer
instructions. In this example, u represents an undefined hexadecimal digit.

If Floating Convert to Integer Wrd
Then Do
Then round_nopde ~ FPSCR] RN|
tgt_precision « "32-bit integer”
End
If Floating Convert to Integer Word with round toward Zero
Then Do
round_node ~ b'01'
tgt_precision ~ "32-bit integer”
End
If Floating Convert to |Integer Doubl eword
Then Do
round_node ~ FPSCR[ RN|
tgt_precision <« "64-bit integer”
End
If Floating Convert to Integer Doubleword with round toward Zero
Then Do
round node ~ b'01'
tgt_precision « "64-bit integer”
End
I f FRB[1-11] =2047 and FRB[ 12-63] =0 then goto Infinity Operand
I f FRB[1-11] =2047 and FRB12=0 then goto SNaN Operand
I f FRB[1-11] =2047 and FRB12=1 then goto QNaN Oper and
I f FRB[1-11] >1054 then goto Large Operand
sign ~ FRBO
If FRB[1-11]>0 then exp < FRB[1-11] - 1023 /* exp - bias */
If FRB[1-11] =0 then exp ~ -1022
I f FRB[1-11]>0 then frac[0-64] —~b' 01" || FRB[ 12-63] | | b' 00000000000"
[ *nor mal */
If FRB[1-11]=0 then frac[0-64] —~b' 00' | | FRB[ 12-63] | | b' 00000000000"
[ *denor mal */
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gbit || rbit || xbit ~ b'000
Do i=1, 31-exp
temp (0..52) « "0"|] tenmp (0..52) || ghit || rbit || xbit <« b'0" |[]
frac[0-64] || gbit || (rbit]|xbit)
End

If gbit | rbit | xbit then FPSCR[ XX] ~ 1

Round Integer (frac,gbit,rbit,xbit,round_mode)
In this example, u represents an undefined hexadecimal digit. Comparisons ignore the u
bits.

If sign=1 then frac[0-64] ~ -frac[0-64] + 1

If tgt_precision="32-bit integer" and frac[0-64]>+2(31)-1
then goto Large Operand
If tgt _precision="64-bit integer" and frac[0-64]>+2(63)-1
then goto Large Operand
If tgt_precision="32-bit integer"” and frac[0-64] <-2(31) then goto Large
Oper and
If tgt_precision="64-bit integer” and frac[ 0-64]<-2(63) then goto Large
Oper and
If tgt_precision="32-bit integer"
then FRT ~ x’ xuuuuuuu’ || frac[33-64]
If tgt_precision="64-bit integer” then FRT ~ frac[1-64]
FPSCR] FPRF] ~ undefi ned
Done

Round I nteger (frac,gbit,rbit,xbit,round_mode)
In this example, u represents an undefined hexadecimal digit. Comparisons ignore the u
bits.

inc « 0
I f round_node= b’ 00’ then
Do
If sign || frac[64] || gbit || rbit || xbit = b'ulluu’ theninc ~ 1
If sign || frac[64] || gbit || rbit || xbit = b'u0llu’ theninc ~ 1
If sign || frac[64] || gbit || rbit || xbit = b'u0lul' then inc ~ 1
End
I f round_node= b' 10" then
Do
If sign || frac[64] || gbit || rbit || xbit = b'Ouluu' then inc-1
If sign || frac[64] || gbit || rbit || xbit = b'Ouulu" theninc « 1
If sign || frac[64] || gbit || rbit || xbit = b'Ouuul' theninc « 1
End
I f round _node= b' 11" then
Do
If sign || frac[64] || gbit || rbit || xbit = b luluu’ then inc « 1
If sign || frac[64] || gbit || rbit || xbit = b luulu' then inc ~ 1
If sign || frac[64] || gbit || rbit || xbit = b luuul' then inc- 1
End

frac[0-64] ~ frac[0-64] + inc
FPSCRIFR] ~ inc

FPSCRIFI] ~ gbit | rbit | xbit
Return
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Infinity Operand

FPSCR FR FI VXCVI] ~ b'O001
| f FPSCR[ VE] =0 t hen Do
If tgt_precision="32-bit integer" then
Do

If sign=0 then FRT « x'uuuu uuuu 7FFF FFFF
If sign=1 then FRT « x'uuuu uuuu 8000 0000
End
El se
Do
If sign=0 then FRT ~ x'7FFF FFFF FFFF FFFF
dIf sign=1 then FRT ~ x'8000 0000 0000 0000
En
FPSCR FPRF] « wundefi ned
End
Done

SNaN Operand

FPSCRIFR FI VXCVI VXSNAN] « b' 0011’
| f FPSCR[ VE] =0 t hen
Do

If tgt_precision="32-bit integer"
then FRT « x'uuuu uuuu 8000 0000
If tgt_precision="64-bit integer"
then FRT « x'8000 0000 0000 0000
FPSCR] FPRF] ~ undefi ned
End
Done

QNaN Operand

FPSCR[FR FI VXCVI] « b' 001’
| f FPSCR[ VE] =0 t hen
Do

If tgt_precision="32-bit integer" then FRT < x'uuuu uuuu 8000 0000
If tgt_precision="64-bit integer" then FRT —~ x' 8000 0000 0000 0000
FPSCR] FPRF] ~ wundefi ned
End
Done

Large Operand

FPSCR[ FR FI VXCVI] ~ b'001'
| f FPSCR[ VE] =0 t hen Do
If tgt_precision="32-bit integer" then
Do
If sign=0 then FRT ~ X' uuuu uuuu 7FFF FFFF'
If sign=1 then FRT < x'uuuu uuuu 8000 0000
End
El se
Do
If sign=0 then FRT  x'7FFF FFFF FFFF FFFF
dIf sign=1 then FRT ~ x'8000 0000 0000 0000
En
FPSCR] FPRF] «~ undefi ned
End
Done
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Appendix G
Synchronization Programming
Examples

The examples in this appendix show how synchronization instructions can be used to
emulate various synchronization primitives and how to provide more complex forms of
synchronization.

For each of these examples, it is assumed that a similar sequence of instructionsis used by
all processes requiring synchronization of the accessed data.

G.1 General Information
The following points provide general information about the lwar x and stwcex. instructions:

* Ingenera, Iwarx and stwcx. instructions should be paired, with the same effective
address used for both. The exception is an isolated stwcex. instruction that is used to
clear any existing reservation on the processor, for which there is no paired lwarx
and for which any (scratch) effective address can be used.

» |tisacceptable to execute an lwarx instruction for which no stwcex. instruction is
executed. For example, such adangling lwar x instruction occursif the value loaded
in the Test and Set sequence shown in Section G.2.5, “Test and Set,” is not zero.

» Toincreasethelikelihood that forward progressis made, it isimportant that |ooping
on lwar x/stwcx. pairs be minimized. For example, in the sequence shown in Section
G.2.5, “Test and Set,” thisis achieved by testing the old value before attempting the
store—were the order reversed, more stwcx. instructions might be executed, and
reservations might more often belost between the lwar x and the stwcx. instructions.

* The manner in which Iwar x and stwcx. are communicated to other processors and
mechanisms, and between levels of the memory subsystem within agiven processor
Is implementation-dependent. In some implementations performance may be
improved by minimizing looping on an Iwar x instruction that fails to return a
desired value. For example, in the example provided in Section G.2.5, “Test and
Set,” if the programmer wishes to stay in the loop until the word loaded is zero, he
could change the “bne $ 12" to “bne loop”. However, in some implementations
better performance may be obtained by using an ordinary L oad instruction to do the
initial checking of the value, as follows:
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[oop: lwz r5,0(r3) #l oad the word

cmpwi 5,0 #1 oop back if word

bne | oop #not equal to O

Iwarx r5,0,r3 #try again, reserving
cnpwi  r5,0 #(likely to succeed)

bne | oop #try to store nonzero
stwex. r4,0,r3 #

bne | oop #l oop if lost reservation

* Inamultiprocessor, livelock is possible if aloop containing an lwar x/stwcx. pair
also contains an ordinary write instruction for which any byte of the affected
memory areaisin the reservation granule of the reservation. For example, the first
code sequence shown in Section G.5, “List Insertion,” can cause livelock if two list
elements have next element pointers in the same reservation granule.

G.2 Synchronization Primitives

The following examples show how the lwarx and stwcx. instructions can be used to
emulate various synchronization primitives. The sequences used to emulate the various
primitives consist primarily of aloop using lwarx and stwcx.. Additional synchronization
iIsunnecessary, because the stwcex. will fail, clearing the EQ bit, if theword loaded by lwar x
has changed before the stwcx. is executed.

G.2.1 Fetch and No-Op

The Fetch and No-Op primitive atomically loads the current value in aword in memory. In
thisexampleit is assumed that the address of the word to be loaded isin GPR3 and the data
loaded are returned in GPR4.

loop: Iwarx r4,0,r3 #load and reserve
stwex. r4,0,r3 #store old value if still reserved
bne- | oop #l oop if lost reservation

If the stwcx. operation succeeds, the same value loaded by the preceding lwar X is stored.
While the store is redundant, the use of the stwcx., ensures atomic access to the location.

G.2.2 Fetch and Store
The Fetch and Store primitive atomically loads and replaces aword in memory.

In this example it is assumed that the address of the word to be loaded and replaced isin
GPR3, the new value isin GPR4, and the old value is returned in GPR5.

loop: Iwarx r5,0,r3 #load and reserve
stwex. r4,0,r3 #store new value if still reserved
bne- | oop #l oop if lost reservation
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G.2.3 Fetch and Add
The Fetch and Add primitive atomically increments aword in memory.

In thisexampleit is assumed that the address of the word to beincremented isin GPR3, the
increment isin GPR4, and the old value is returned in GPRS5.

loop: Iwarx r5,0,r3 #l oad and reserve
add ro,r4,r5 #i ncrement word
stwex. r0,0,r3 #store new value if still reserved
bne- | oop #l oop if lost reservation

G.2.4 Fetch and AND
The Fetch and AND primitive atomically ANDs avalue into aword in memory.

Inthisexampleit isassumed that the address of theword to be ANDed isin GPR3, thevalue
to AND into it isin GPR4, and the old value is returned in GPR5.

loop: Iwarx r5,0,r3 #l oad and reserve
and ro,r4,r5 #AND wor d
stwex. r0,0,r3 #store new value if still reserved
bne- | oop #l oop if lost reservation

Note: This sequence can be changed to perform another Boolean operation atomically on
a word in memory, simply by changing the AND instruction to the desired Boolean
instruction (OR, XOR, etc.).

G.2.5 Test and Set

The Test and Set primitive atomically loads a word from memory, ensures that the word in
memory contains a nonzero value, and sets the EQ bit of CR Field 0 according to whether
the value loaded is zero.

In this exampleit is assumed that the address of the word to be tested isin GPRS3, the new
value (nonzero) isin GPR4, and the old value is returned in GPRS.

loop: Iwarx r5,0,r3 #load and reserve
cmpwi  r5, O #done if word
bne $+12 #not equal to O
stwex. r4,0,r3 #try to store nonzero
bne- | oop #l oop if lost reservation
Notes:

1. Testand Setisshown primarily for pedagogical reasons. It isuseful on machinesthat
lack the better synchronization facilities provided by lwar x and stwcx.. Test and Set
does not scale well. Using Test and Set before a critical section alows only one
processto execute in the critical section at atime. Using lwar x and stwcx. to bracket
the critical section allows many processes to execute in the critical section at once,
but at most one will succeed in exiting from the section with its results stored.

2. Depending on the application, if Test and Set fails (that is, clears the EQ bit of CR
Field 0) it may be appropriate to re-execute the Test and Set.
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G.3 Compare and Swap

The Compare and Swap primitive atomically compares avaluein aregister with aword in
memory; if they are equal, storesthe value from a second register into the word in memory,
if they may be unequal loads the word from memory into the first register, and setsthe EQ
bit of CR Field 0 to indicate the result of the comparison.

In this example it is assumed that the address of the word to be tested is in GPRS3, the
compared value is in GPR4, the new value is in GPR5, and the old value is returned in
GPR6.

loop: Iwarx r6,0,r3 #l oad and reserve
cmpw  r4,r6 #first 2 operands equal ?
bne- exi t #skip if not
stwex. r5,0,r3 #store new value if still reserved
bne- | oop #loop if lost reservation
exit: nr rd,r6 #copy 2nd operand to 1st
Notes:

1. The semanticsin this example are based on the IBM System/370™ Compare and
Swap instruction. Other architecture may define thisinstruction differently.

2. Compare and Swap is shown primarily for pedagogical reasons. It is useful on
machines that lack the better synchronization facilities provided by Iwarx and
stwex.. Although the instruction is atomic, it checks only for whether the current
value matches the old value. An error can occur if the value had been changed and
restored before being tested.

3. Depending on the application, if Compare and Swap fails (that is, clears the EQ bit
of CRO) it may be appropriate to recompute the value potentially to be stored and
then re-execute the Compare and Swap.

G.4 Lock Acquisition and Release

This example provides an algorithm for locking that demonstrates the use of
synchronization with an atomic read/modify/write operation. GPR3 provides a shared
memory location, the address of which is an argument of the lock and unlock procedures.
This argument is used as alock to control access to some shared resource such as a data
structure. Thelock isopen when itsvalueis 0 and locked when it is 1. Before accessing the
shared resource, a processor sets the lock by having the lock procedure call
TEST_AND_SET, which executes the code sequence shown in Section G.2.5, “Test and
Set.” Thisatomically sets the old value of the lock, and writes the new value (1) given to it
in GPR4, returning the old value in GPR5 (not used below) and setting the EQ bit in CRO
according to whether the value loaded is 0. The lock procedure repeats the test and set
procedure until it successfully changes the value in the lock from O to 1.

The processor must not access the shared resource until it sets the lock. After the bne-
instruction that checks for the successful test and set operation, the processor executes the
isyncinstruction. Thisdelaysall subsequent instructionsuntil all previousinstructions have
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compl eted to the extent required by context synchronization. The sync instruction could be
used but performance would be degraded because the sync instruction waits for all
outstanding memory accesses to complete with respect to other processors. This is not
necessary here.

lock: i r4,1 #obt ai n | ock
| oop: bl test _and_set #t est and set
bne- | oop #retry until old =0

#del ay subsequent instructions unti
#previ ous ones conpl ete
i sync
bl r #return
The unlock procedure writes a O to the lock location. If the access to the shared resource
includes write operations, most applications that use locking require the processor to
execute async instruction to make its modification visible to all processors beforereleasing
thelock. For thisreason, the unlock procedure in the following example begins with async.

unl ock: sync #del ay until prior stores finish
li r1,0 #store zero to lock | ocation
stw ri, 0(r3)
bl r #return

G.5 List Insertion

The following example shows how the lwarx and stwcx. instructions can be used to
implement simple LIFO (last-in-first-out) insertion into a singly-linked list. (Complicated
list insertion, in which multiple values must be changed atomically, or in which the correct
order of insertion depends on the contents of the elements, cannot be implemented in the
manner shown below, and requires a more complicated strategy such as using locks.)

The next element pointer from thelist element after which the new element isto beinserted,
here caled the parent element, is stored into the new element, so that the new element
points to the next element in the list; this store is performed unconditionally. Then the
address of the new element is conditionally stored into the parent element, thereby adding
the new element to thelist.

In this example it is assumed that the address of the parent element isin GPR3, the address
of the new element isin GPR4, and the next element pointer is at offset O from the start of
the element. It is also assumed that the next element pointer of each list element isin a
reservation granul e separate from that of the next element pointer of al other list elements.

loop: Iwarx r2,0,r3 #get next pointer
stw r2,0(r4) #write back new el enent
sync #let store settle (can omt if not MP)
stwex. r4,0,r3 #add new el enent to |ist
bne- | oop #loop if stwex. failed

In the preceding example, if two list elements have next element pointers in the same
reservation granule then, in a multiprocessor, livelock can occur. (Livelock is a state in
which processors interact in away such that no processor makes progress.)
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If it isnot possible to allocate list elements such that each element's next element pointer is
in adifferent reservation granule, then livelock can be avoided by using the following, more
complicated, code sequence.

[ wz r2,0(r3) #get next pointer

[ oopl: nr r5,r2 #keep a copy
stw r2,0(r4) #wite back new el ement
sync #l et store settle

| oop2: lwarx r2,0,r3 #get it again
cmpw  r2,r5 #l oop if changed (soneone
bne- | oopl #el se progressed)
stwex. r4,0,r3 #add new el enent to |ist
bne- | oop2 #loop if failed
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Appendix H
Implementation Summary for
Programmers

The PowerPC 601 microprocessor is the first implementation of the PowerPC architecture.
It offers a reliable platform for software and hardware developers to make products
compatible with subsequent processors in the PowerPC family. In addition, the 601
provides extensions to the PowerPC architecture that allow it to function as a bridge from
the POWER architecture. This appendix describes the POWER extensions as well as other
differences between the 601 and the PowerPC architecture (Power PC Architecture, First
Edition). These differences can be categorized as follows:

* POWER extensions—Additional functionality not defined in the PowerPC
architecture. For example, the 601 implements many POWER instructions that do
not have PowerPC architecture equivalents.

» Variances—601 functionality that isimplemented differently than as described in
the PowerPC architecture. For example, there are several differences between the
601 MMU implementation and that specified by the PowerPC architecture. In
general, these variances are not visible from the user level.

* Implementation-dependent extensions—These include features that are not part of
but are alowed by the PowerPC architecture. For example, the 601 provides a set
of implementation-dependent registers (HIDs) to control hardware features such as
parity checking and instruction address breakpoint that are beyond the specifications
in architecture. Software should take appropriate precautions to control use of these
features.

» PowerPC architecture optional features—These include optional features defined in
the PowerPC architecture that are implemented in the 601.

This appendix does not describe performance trade-offs alowed by the PowerPC
architecture. For example, some implementations may provide more support for alignment
than othersand, therefore, they may require different amounts of assistancein the exception
handler.

This appendix also does not describe variances built into the PowerPC architecture to
provide some latitude in PowerPC implementations for handling reserved, invalid, and
undefined conditions. These aspects are left intentionally undefined. Note that while the
601’'s treatment of such aspects may be predictable, taking advantage of that behavior may
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cause software incompatibilities with other PowerPC implementations.

Where applicable, areference is given to the section that describes that functionality.

Also, thetablesin this appendix indicate the level of architecture at which the 601 diverges.
These levels are asfollows:

PowerPC user instruction set architecture—Defines the base user-level instruction
set, user-level registers, datatypes, floating-point exception model, memory models
for a uniprocessor environment, and programming model for uniprocessor
environment.

Thetablesin this appendix identify differences with this part of the architecture by
listing “user” in the “Level” column of the tables.

PowerPC virtual environment architecture—Describes the memory model for a
multiprocessor environment, defines cache control instructions, and describes other
aspects of virtual environments. |mplementations that conform to the PowerPC
virtual environment architecture also adhere to the PowerPC user instruction set
architecture, but may not necessarily adhere to the PowerPC operating environment
architecture.

Thetablesin this appendix identify differences with this part of the architecture by
listing “virtual environment” in the “Level” column of the tables.

PowerPC operating environment architecture—Defines the memory management
model, supervisor-level registers, synchronization requirements, and the exception
model. Implementations that conform to the PowerPC operating environment
architecture also adhere to the PowerPC user instruction set architecture and the
PowerPC virtual environment architecture definition.

The tablesin this appendix identify differences with this part of the architecture by
listing “ operating environment” in the “Level” column of the tables.

H-2
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H.1 POWER Extensions

Table H-1 lists POWER functionality supported by the 601 that is not defined in the
PowerPC architecture. POWER extensions include additional functionality not defined in
the PowerPC architecture.

Table H-1. POWER Extensions

Difference Reference Level Type

The MQ register, provided for POWER Section 2.2.5.1, "MQ User POWER
compatibility, is not part of the PowerPC Register (MQ)”
architecture.
The 601 implements the real-time clock feature, Section 2.2.5.3, Virtual and POWER and
including POWER registers RTCU and RTCL, to "Real-Time Clock (RTC) operating Variance
provide a time reference rather than the time base Registers (User-Level)” environment
feature defined by the PowerPC architecture.
In the 601 processor, the decrementer Section 2.3.3.5, User and POWER and
implementation uses the separate 7.8125 MHz "Decrementer (DEC) virtual Variance
RTC for its base frequency. Other PowerPC Register” environment
processors base the decrementer on the processor
clock.
The decrementer register (DEC) in the 601 allows Section 2.3.3.5, User and POWER
user-level read access, which is not provided in the | "Decrementer (DEC) operating
PowerPC architecture. Register” environment
Because 601 supports the POWER registers, MQ, | Section 3.7.2, "Move User and POWER
RTCU, and RTCL, instruction encodings to access | to/from Special-Purpose operating
them, mtspr and mfspr, are also provided. Register Instructions” environment
The 601 provides a group of instructions for Appendix C, “PowerPC — POWER
compatibility with POWER. The relationship Instructions Not
between the 601 and the PowerPC instruction sets | Implemented”
are shown in Appendix C. The PowerPC
architecture defines these instructions as reserved.
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H.2 Variances

Variances include PowerPC architecture functionality that is implemented in the 601 with
some differences. In general, these variances are not visible from the user level. Table H-2

lists variances to the PowerPC architecture.

Table H-2. Variances

Difference Reference Level Type
The VXSOFT, VXSQRT, and NI bits (bits 21, 22, Section 2.2.3, User and Variance
and 29, respectively) are not implemented in the "Floating-Point Status operating
601 processor. and Control Register environment

(FPSCR)”

If the Floating-Point Convert to Integer Word (fctiw) | Section 3.4.3, User and Variance
instruction results in a conversion exception, "Floating-Point Rounding operating
FPSCR[XCVI] is set causing FPSCR[VX] to be set. | and Conversion environment
The PowerPC architecture specifies that when Instructions”
fctiw causes FPSCR[XCVI] to be set, FPSCR[XX]
is not altered. The 601 may set both FPSCR[XX]
and FPSCR[XCVI] in some circumstances.
The architecture requires that both FPSCR[VXCVI] | Section 3.4.3, User and Variance
and FPSCR[VXSNAN] be set when the source "Floating-Point Rounding operating
operand of a fctiw is an SNAN. 601 sets only and Conversion environment
FPSCR[VXCVI]. Instructions”
PowerPC architecture defines the following bits in Section 2.3.1, "Machine Operating Variance
the machine state register (MSR) not implemented | State Register (MSR)” environment
in the 601:
Bit Description
13 Power management enable (POW)
15 Exception little-endian mode (ELE)
22 Branch trace enable (BE)
30 Recoverable exception (RE)
31 Little-endian mode (LE)
The 601 provides a bit in an Section 2.4.3, "Byte and Operating Variance
implementation-specific register (HIDO) for Bit Ordering” environment
selecting between big- and little-endian modes.
PowerPC architecture defines MSR[LE] for this
purpose.
The number, function, content, and format of the Section 2.3.3.12, "BAT Operating Variance
BAT registers implemented by the 601 is different Registers” environment
than that specified by the PowerPC architecture.
The 601 clears the reservation bit set by the Section 3.5.7, "Memory User and Variance
execution of an lwarx instruction when taking any Synchronization operating
type of exception. The PowerPC architecture Instructions” environment
defines that the reservation be cleared for a subset
of exceptions.
Because the 601 does not implement the MSR[RE] | Section 5.4.1, "Reset Operating Variance
bit (recoverable exception bit), the operating Exceptions (x'00100')" environment
system must use other criteria to determine if it is
possible to recover from an asynchronous,
imprecise exception.
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Table H-2. Variances (Continued)

Difference Reference Level Type
Instruction access exceptions due to instruction Chapter 5, “Exceptions” Operating Variance
fetches from 1/O controller interface segments do environment
not set the SRR1[3] bit as defined in the PowerPC
architecture. This condition clears SRR1[0-15].
The non-IEEE mode bit, FPSCRINI], is reserved in | Section 5.4.7.1, Operating Variance
the 601. All floating-point results are consistent with | "Floating-Point Enabled environment
IEEE standards. Program Exceptions”
The 601 maps I/O controller interface error Section 5.4.10, "l/O Operating Variance
conditions to 1/0 controller interface exceptions Controller Interface Error | environment
instead of to the data access exception vector Exception (x'00A00")”
specified by the PowerPC architecture.
Unlike exceptions that occur with memory Chapter 5, “Exceptions” Operating Variance
accesses, loads, loads with update, and stores with environment
update to I/O controller interface segments cause
any target registers to be updated, regardless of
whether an exception is taken.
The 601 does not implement the trace exception as | Section 5.4.12, "Run Operating Variance
a separate exception as is defined in the PowerPC | Mode/Trace Exception environment
architecture (x'00D00"). The 601 vectors trace (x'02000")”
exceptions to the run-mode/trace exception
(x'02000").
The 601 allows access to the 1/0 controller Section 6.1.3, "Address Operating Variance
interface regardless of the setting or MSR[DT]. The | Translation Mechanisms” | environment
PowerPC architecture does not allow these
accesses when MSR[DT] is cleared.
The 601 does not implement the PowerPC tlbsync | Section 10.3, Operating Variance
instruction, but instead requires the use of a sync "Instructions Not environment
instruction to synchronize the completion of a Implemented by the 601"
broadcast tlbie instruction.
PowerPC architecture defines a “Guarded” memory | — Operating Variance
attribute used to protect volatile memory. This environment
attribute is associated with each virtual page
(guarded bit in the page table entry) and with real
memory. The 601 provides a similar function using
the “Caching Inhibited” memory attribute.

H.3 Implementation-Dependent Extensions

I mplementati on-dependent extensions include features that are not part of, but are allowed
by, the PowerPC architecture. Note that there are a number of such extensions that are
described throughout this book, and there is no attempt to list them exhaustively in this
appendix. Table H-3 provides a brief list of key implementation-dependent extensions
supported by the 601.
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Table H-3. Implementation-Dependent Extensions

Difference Reference Level Type
The 601 includes the following Section 2.3.3.13.1, Operating Implementation
implementation-specific registers: "Checkstop Sources and | environment -dependent
HIDO, HID1, HID2, HID5, HID15. These may or Enables extensions

may not be included in future implementations.

Register—HIDO,” through
Section 2.3.3.13.5,
"Processor ldentification
Register (PIR)—HID15”

Because the 601 automatically handles all
floating-point data types, the 601 floating-point
assist exception defined in the PowerPC
architecture (x'00E0Q') would never be taken by the
601, and therefore it is not implemented.

Operating
environment

Implementation
-dependent
extension

The 601 supports an additional exception called the
run mode exception in addition to the exceptions
defined by the PowerPC architecture.

Section 5.4.12, "Run
Mode/Trace Exception
(x'02000")”

Operating
environment

Implementation
-dependent
extension

The 601 includes a feature that supports
256-Mbyte translation capability. This is enabled
when the T bit is set and the BUID field equals
x'07F" in the appropriate segment register(s).

Section 6.5.2.1, "l/O
Controller Interface
Address Translation: T = 1
in Segment Register”

Operating
environment

Implementation
-dependent
extension

H.4 Options to the PowerPC Architecture

Table H-4 lists optionsto the PowerPC architecture supported by the 601. Note that because
these are optional, they may not be supported by all PowerPC processors, just as the 601
does not support other optional features supported by the architecture.

Table H-4. Options to the PowerPC Architecture

Difference Reference Level Type
The 601 processor implements the external access | Section 2.3.3.10, Operating Optional
register (EAR), which is optional to the PowerPC "External Access environment
architecture. Note that only four bits (28-31) are Register (EAR)”
implemented in the 601, whereas the PowerPC
architecture defines six bits.
The 601 implements the eciwx and ecowx Section 3.9, "External User Optional

instructions that are optional to the PowerPC
architecture but are required for use with the EAR
register.

Control Instructions”
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Appendix |
Instruction Timing Examples

This appendix describes timing of various code sequences in the PowerPC 601
microprocessor, showing situations where stalls might occur, and where possible, how
those stalls can be avoided.

This section shows timing for combinations of instructions, showing the interactions
between the various instructions whose individual timings are described in Chapter 7,
“Instruction Timing.” From these examples, one can develop similar tables for other code
sequences. Thisinformation isintended to show how to schedule code efficiently.

.1 Branch Instruction Timing Examples

The examples in this section primarily illustrate branch timing issues. It is split into two
main subsections—Section 1.1.1, “General Branch Timing” which addresses timing issues
not associated with branch prediction or condition register (CR) coherency and
Section 1.1.1.6, “Conditional Branch Timing,” which addresses timing issues associated
with branch prediction and CR coherency.

I.1.1 General Branch Timing

This section gives timing examples showing all of the stalls that can occur for branches or
be caused by branches and gives timing examples that avoid those stalls.

[.1.1.1 Dispatch Considerations

Instructions may stall in the DS stage when a branch cannot be dispatched for some reason
even though the branch is in the dispatch buffer (1Q0 through 1Q3). This section does not
describe cases involving unresolved conditional branches. For information, see
Section 1.1.1.6, “ Conditional Branch Timing.”

As described in Section 7.3.1.4.1, “Branch Dispatch,” dependency checking for branches
occurs during the dispatch stage—thus register dependencies can cause dispatch stalls. The
two registers that branch instructions use as sources are the link register (LR) and count
register (CTR). In both cases, dependencies on previous branch instructions are resolved
viadata-forwarding in the BPU. Thisisillustrated in Table I-1 and Table I-2.
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In Table I-1, the CTR vaue from the bc instruction in the first iteration is forwarded to the
bc instruction in the second iteration (clock 5).

Table I-1. Two Integer Instruction Counter Loop

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA 11,12,bc 11,12,bc 11,12,bc 11,12,bc
CARB | 11,12,bc 11,12,bc 11,12,bc 11,12,bc
CACC 11,12,bc 11,12,bc 11,12,bc
Dispatch 1Q2 bc bc bc
1Q1 12 12 12
1Q0 11 12, Taghc 11 12, Taghc 11
U ID 11 12,Tagbc 11 12,Tagbc 11
IE 11 12, Tagbc 11 12, Tagbc
IC 11 12,Tagbc 11
IWA 11 12 11
IWL
FPSB
ISB
BPU BE bc bc bc
MR
BW bc bc bc,bc bc
Notes CTRvalue fromthe | Decrement
bc in the first CTR this
iteration is cycle.
forwarded to the bc
in the second
iteration.

In Table I-2, the link address is forwarded to the bclr instruction in clock 5.
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Table I-2. Two Integer Instruction Leaf Procedure

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA 11,12, bl, I5 13,14, bclr 15
CARB | 11,12,bl, 15 13,14, bclr 15
CACC 11,12,bl, 15 13,14, bclr 15
Dispatch 1Q3 15
1Q2 bl bclr
Q1 12 14
1Q0 11 12, Tagbl 13 14 15
U 1D 11 12, Tagbl 13 14 15
IE 11 12, Tagbl 13 14
IC 11 12, Tagbl 13
IWA 11 12 13
IWL
FPSB
ISB
BPU BE bl bclr
MR
BW bl bl bl
Notes Forward Update
link the LR
address with the
to ber address
from link of 13.
shadow.

1.1.1.2 Integer Instruction Dependencies

If aregister dependency on abranch originates from an integer instruction, such asmtlr or
mtctr, the data resides in the GPR and cannot be forwarded to the BPU (there is no extra
read port on the GPR for the BPU). In this case, a dispatch stall may occur, as shown in

Table -3 and Table |-4.

Table 1-3 shows the instruction timing for when a bclr instruction follows an mtlr
instruction. Notethat bclr stallsin cycle 3 because of adependency onthemtlr instruction.
In this case the branch istaken, and the target instruction entersthe |D stagein cycle 7, after

athree-cycle stall.
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Table I-3. Register Dependency Stalls for a Taken Branch (mtlr -> bclr)

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA mtlr, belr target
CARB | mtlr, belr target
CACC mtlr, belr target
Dispatch 1Q1 bclr
1Q0 mtlr bclr bclr target
U ID mtlr <stall 1> <stall 2> <stall 3> target
IE mtlr
IC mtlr
IWA mtlr
IWL
FPSB
ISB
BPU BE belr
MR
BW
Notes The bclr Register
instruction dependency
stalls due to on bclr is
register resolved and
dependency bcelr is
on the mtlr dispatched
instruction

Table I-4 shows the timing for same instruction sequence shown in Table I-3, when the
branch is not taken, showing that the instruction following the bclr instruction can be
dispatched in cycle 6, the cycle after the bclr instruction is resolved.
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Table I-4. Register Dependency Stalls for an Untaken Branch (mtlr -> bclr)

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA mtlr, bclr
CARB | mtlr, belr
CACC mtlr,bclr
Dispatch 1Q2 seq. ins.
Q1 bclr seq. ins. seq. ins.
1Q0 mtlr bclr bclr seq. ins.
9] ID mtlr <stall 1> <stall 2> seq. ins.
IE mtlr seq. ins.
IC mtlr
IWA mtlr
IWL
FPSB
ISB
CA
BPU BE belr
MR
BW
Notes The bclr Register Instruction
instruction dependency | following
stalls due to on bclr is the bclr
register resolved instruction
dependency and bclr is can now be
from mtlr dispatched dispatched
instruction

1.1.1.3 SPR Dependencies with LR and CTR

To avoid dispatch stalls, instructions should be placed between the mtspr instruction and
the branch that depends upon it. The LR and the CTR have the same timing characteristics
relative to mtspr dependencies (the following examples use the LR for clarity).

Examples of thisare shown in Table 1-5 and Table I-6. Table I-5 shows how the stall shown
in Tablel-3 is avoided by scheduling integer instructions between the bclr and mtlr
instructions.
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Table I-5. Instruction Sequence that Avoids Stalls Caused by a Register
Dependency for a Taken Branch (mtlr -> bclr)

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA mtlr, 11, target
12, 13, bclr
CARB mtlr, 11, target
12,13, bclr
CACC mtlr, 11, target
12,13,
bclr
Dispatch 1Q4 bclr
1Q3 13 bclr
1Q2 12 13 belr
101 11 12 13
1Q0 mtlr 11 12 13 target
U ID mtlr 11 12 13 target
IE mtlr 11 12 13
IC mtlr 11 12
IWA mtlr 11 12
IWL
FPSB
ISB
BPU BE bclr
MR
BW
Notes Integer instructions use slots that
would have been stalls. Note that the
branch is not dispatched any sooner,
the integer stalls are simply used for
useful work.

Table1-6 shows how the stall shown in Tablel-4 is avoided by scheduling integer
instructions between the bclr and mtlr instructions.
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Table I-6. Register Dependency Stalls for an Untaken Branch (mtlr -> bclr)

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA mtlr, 11,
12, bclr,
seq. ins.
CARB mtlr, 11,
12, bclr,
seq. ins.
CACC mtlr, 11,
12, bcel,
seq. ins.
Dispatch 1Q4 seq. ins.
1Q3 bclr seq. ins.
1Q2 12 bclr seq. ins.
101 11 12 belr
1Q0 mtlr 11 12 seq. ins.
U ID mtlr 11 12 seq. ins.
IE mtlr 11 12 seq. ins.
IC mtlr 11 12
IWA mtlir 11 12
IWL
FPSB
ISB
BPU BE belr
MR
BW
Notes Integer instructions use
slots that would have
been stalls. Note that
the branch is not
dispatched any
sooner, the integer
stalls are simply used
for useful work.

[.1.1.4 Stalls Caused when the Link Shadow Register Is Full

Nonconditional branches encounter dependencies when the link shadow register isfull and
abranch and link instruction needsto be dispatched. Thisoccurswhen either thereisalong-
latency instruction, such asamultiply or divide instruction, in the IU, or thereisa string of
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‘not-taken’ branch and link instructions separated by very few integer instructions. Thisis
shown in TableI-7 and Table I-8.

In Tablel-7, the link shadow register is filled because of a series of branch-and-link
instructions. Thethird bcl instruction stallsin cycle 5 for one cycle because the link shadow
registers were filled in the previous two cycles.

Table I-7. Series of Not-Taken Branch-and-Link Instructions that Cause the Link
Shadow Registers to Fill

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA 11, bell, Targetbcl3
bcl2, bel3
CARB 11, bell, Targetbcl3
bcl2, bcl3
CACC 11, bell, Targetbcl3
bcl2, bcl3
Dispatch 1Q3 bcl3
1Q2 bcl2
101 bcll bcl3
1Q0 11 bcl2 bcl3 bcl3
U ID 11
IE 11,Tagbcll Tagbcl2 Tagbcl3
IC 11,Tagbcll Tagbcl2
IWA 11
IWL
FPSB
ISB
BPU BE bcll bcl2 bcl3
MR
BW bcll bcll,bcl2 bcl2 bcl3
Notes First Second bcl3 Link
link link stalls for shadow
shadow | shadow lack of a for bcl3 is
register register link now
used used shadow available
register
LR is
updated
for bell
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Table 1-8 shows a stall that occurs when the link shadow register is filled because of
multicycle integer instructions

Table I-8. Long-Latency Integer Instruction Followed by Branch and Link
Instructions that Cause the Link Shadow Registers to Fill

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA muls, bl, 11, bl 12, bl
CARB muls, bl, 11, bl 12, bl
CACC muls,bl 11, bl 12, bl
Dispatch 1Q1 bl bl bl
1Q0 muls 11 12
U 1D muls 11 11, Tagbl 11, Tagbl
IE muls, muls, muls, muls,
Tagbl Tagbl Tagbl Tagbl
IC
IWA
IWL
FPSB
ISB
BPU BE bl bl
MR
BW
Notes First link Second Branch in Q1
shadow link stalls
used shadow because
used there are no
free link
shadow
registers
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Table I-8. Long-Latency Integer Instruction Followed by Branch and Link
Instructions that Fill the Link Shadow Registers (Continued)

Pipeline Stage Cycle Number
Unit Stage 8 9 10 11 12
Memory FA target
CARB target
CACC target
Dispatch 1Q1 bl bl
1Q0 12 12 bl target
U ID 11, Tagbl 12 target
IE muls,Tagbl 11, Tagbl 12 Tagbl
IC muls,Tagbl 11, Tagbl 12 Tagbl
IWA mulls 11 12
IWL
FPSB
ISB
BPU BE bl bl
MR
BW
Notes First bl Second bl Third bl
completes; one | completes; completes
link shadow third bl is
becomes executed
available

I.1.1.5 Performance Considerations when an Instruction Cannot be

Dispatched Out of Order—Link and Count Tag Dependencies
Branch-related stalls can occur when a branch or floating-point instruction cannot be
dispatched out of-order. Such an instruction cannot be tagged to an integer instruction and
is instead tagged to a bubble in the 1U pipeline. These stalls are significant only if the
dispatch of subsequent integer instructions is delayed. As described in Section 7.3.1.4.4,
“Synchronization Tags for the Precise Exception Model,” there are three types of tags
associated with branch instructions:

» Link tags—for instructions that update the LR
e Counter tags—for instructions that update the CTR
* Predicted branch tags—for unresolved conditional branches

The link and counter tags are used to synchronize the IW and BW stages and therefore
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remain in the IU pipeline through the IW stage. These tags can be carried with an integer
instruction or with a bubble in the integer pipeline, but only one tag of a given type can
reside in a stage. Thus consecutive branch instructions that generate the same type of tag
require a bubble in the integer pipeline to propagate the tag for the second instruction.

Table -9 shows a scenario where multiple branch tags create a bubble in the U pipeline.
In this example, the bl instruction takes the link tag in the 13 instruction. Since the tag is
occupied, the subsequent bcl instruction cannot tag to 13 and a bubble must be created
(cycle 5) to provide alink tag for the bcl instruction.

Table 1-9. Multiple Branch Tags Causing a Bubble in the Integer Pipeline

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA 11, 12, 13, bl bcl, 14
CARB | 11, 12,13, bl bcl, 14
CACC 11,12, 13, bl bel, 14
Dispatch 1Q3 bl
1Q2 13 14
101 12 13, Tagbl bel 14
1Q0 11 12 13, Tagbl Tagbcl 14
U ID 11 12 13, Tagbl Tagbcl 14
IE 11 12 13, Tagbl Tagbcl
IC 11 12 13, Tagbl
IWA 11 12 13
IWL
FPSB
ISB
BPU BE bl bcl
MR
BW bl bl bl, bcl bl, bel
Notes bl createsa bcl cannot | The tag for
link tag be tagged bcl uses the
that is to 13 ID stage in
appended because it | this cycle
to 13 already so 14
has a link cannot be
tag dispatched
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1.1.1.6 Conditional Branch Timing
The first set of tables in this section show timing when compare instructions are followed
by dependent conditional branch instructions. There are separate tables for each of the four
basic scenarios for the compare-branch instruction pair:

» Predict taken correctly

* Predict taken incorrectly

* Predict not-taken correctly

» Predict not-taken incorrectly

Within the following tables, sn isthe nth sequential instruction behind a branch, whiletn is
the ntf target instruction behind a branch.

Several code sequences are included to show the behavior of conditional branches in the
601 pipeline. Typically, each code sequence is followed by multiple tables, each of which
shows a different branch processing scenario (e.g., taken/not-taken).

The first code sequence is a conditional instruction sequence (conditional move). In this
code segment, whether an instruction occurs depends on the results of some other
operation.

1.1.1.6.1 Conditional Operations—Case 1
The examples in this section illustrate the following code sequence:
start: cnp cr3 =r1,r3
bc lab, cr3
ntspr spr=rl
| ab: stw nmen(r5,8)=r1l
There are four possible timingsfor this sequence, depending on whether the branch istaken
and on whether the prediction is correct.

Table 1-10 showsthetiming for the code sequence when the branch istaken and is predicted
successfully.
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Table 1-10. Conditional Operation (Case 1)—Predict Taken Correctly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA cmp, bc, stw
mtspr, stw
CARB cmp, bc, stw stw
mtspr, stw
CACC cmp, bc, stw stw
mtspr, stw
Dispatch 1Q3 stw
1Q2 mtspr
1Q1 bc stw
1Q0 cmp mtspr stw
U ID cmp mtspr stw
IE cmp, Tagpbr stw
IC cmp stw
IWA cmp
IwL
FPSB
ISB
BPU BE bc
MR bc bc
BW
Notes bc predicted cmp results
(cannot be forwarded to
resolved) MR[bc];
prediction
confirmed

TableI-11 shows the timing for the code sequence when the branch is not taken and is
predicted unsuccessfully.
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Table I-11. Conditional Operation (Case 1)—Predict Taken Incorrectly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA cmp, bc, stw
mtspr,
stw
CARB | cmp, bc, stw stw
mtspr,
stw
CACC cmp, bc, stw stw
mtspr,
stw
Dispatch 1Q3 stw
1Q2 mtspr
1Q1 bc stw
1Q0 cmp mtspr stw
9] ID cmp mtspr stw
IE cmp, Tagpbr mtspr stw
IC cmp mtspr stw
IWA cmp mtspr
IWL
FPSB
ISB
BPU BE bc
MR bc bc
BW
Notes bc cmp results
predicted forwarded to
(cannot be MR{[bc]; fetcher
resolved) recovers from
misprediction.

Table 1-12 shows the timing for the code sequence when the branch is not taken and is
predicted successfully.
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Table I-12. Conditional Operation (Case 1)—Predict Not-Taken Correctly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA cmp, bc,
mtspr, stw
CARB cmp, bc, stw
mtspr, stw
CACC cmp, bc, stw
mtspr, stw
Dispatch 1Q3 stw
1Q2 mtspr
1Q1 bc stw
1Q0 cmp mtspr stw
U ID cmp mtspr stw
IE cmp, Tagpbr mtspr stw
IC cmp mtspr | stw
IWA cmp mtspr
IWL
FPSB
ISB
BPU BE bc
MR bc bc
BW
Notes bc cmp results
predicted forwarded to
(cannot be MR[bc]; prediction
resolved) confirmed.

Table 1-13 showsthe timing for the code sequence when the branch istaken and is predicted
unsuccessfully.
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Table 1-13. Conditional Operation (Case 1)—Predict Not-Taken Incorrectly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA cmp, bc, stw
mtspr, stw
CARB cmp, bc, stw
mtspr, stw
CACC cmp, bc, stw
mtspr, stw
Dispatch 1Q3 stw
1Q2 mtspr
1Q1 bc stw
1Q0 cmp mtspr stw
U ID cmp mtspr stw
IE cmp, Tagpbr stw
IC cmp
IWA cmp
IwL
FPSB
ISB
BPU BE bc
MR bc bc
BW
Notes bc predicted cmp results
(cannot be forwarded to
resolved) MR[bc]; fetcher
recovers from
misprediction.

1.1.1.6.2 Conditional Operations—Case 2
The next four examplesillustrate the following code sequence:

start: add. rl=rl+r3
bc lab, cr0
nmspr spr=rl

| ab: stw nmen(r5,8)=r1

There are four possible timingsfor this sequence, depending on whether the branch istaken
and on whether it was predicted correctly.
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Table 1-14 showsthe timing for the code sequence when the branch istaken and is predicted
successfully.

Table I-14. Conditional Operation (Case 2)—Predict Taken Correctly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA add., bc, st
mtspr, stw
CARB add., bc, st stw
mtspr, stw
CACC add., bc, st stw
mtspr, stw
Dispatch 1Q3 stw
1Q2 mtspr
1Q1 bc stw
1Q0 add. mtspr stw
U ID add. mtspr stw
IE add., Tagpbr Tagpbr stw
IC add. stw
IWA add.
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc
BW
Notes bc predicted Prediction
(cannot be confirmed
resolved)

Table 1-15 shows the timing for the code sequence when the branch is not taken and is
predicted unsuccessfully.
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Table 1-15. Conditional Operation (Case 2)—Predict Taken Incorrectly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA add., bc, st mtspr, stw
mtspr, stw
CARB add., bc, st mtspr, stw
mtspr, stw
CACC add., bc, st mtspr,
mtspr, stw stw
Dispatch 1Q3 stw
1Q2 mtspr
1Q1 bc stw stw
1Q0 add. mtspr stw mtspr
U ID add. mtspr stw mtspr
IE add., Tagpbr
Tagpbr
IC add.
IWA add.
IWL
FPSB
ISB
BPU BE bc
MR bc bc
BW
Notes bc Fetcher
predicted recovers from
(cannot be misprediction.
resolved)

Table 1-16 shows the timing for the code sequence when the branch is not taken and is
predicted successfully.
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Table 1-16

. Conditional Operation (Case 2)—Predict Not-Taken Correctly

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5 6 7
Memory FA add., bc,
mtspr, stw
CARB add., bc, stw
mtspr, stw
CACC add., bc,
mtspr, stw
Dispatch 1Q3 stw
1Q2 mtspr
1Q1 bc stw stw
1Q0 add. mtspr mtspr stw
U ID add. mtspr mtspr stw
IE add., Tagpbr mtspr stw
Tagpbr
IC add. mtspr
IWA add. mtspr
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc
BW
Notes bc Prediction
predicted confirmed
(cannot be
resolved)

Table 1-17 showsthe timing for the code sequence when the branch istaken but is predicted

unsuccessfully.
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Table I-17. Conditional Operation (Case 2)—Predict Not-Taken Incorrectly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA add., bc, stw
mtspr,
stw
CARB | add., bc, stw
mtspr,
stw
CACC add., bc, stw
mtspr,
stw
Dispatch 1Q3 stw
1Q2 mtspr
1Q1 bc stw stw
1Q0 add. mtspr mtspr stw
U ID add. mtspr mtspr stw
IE add., Tagpbr
Tagpbr
IC add.
IWA add.
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc
BW
Notes bc Fetcher
predicted recovers from
(cannot be misprediction.
resolved)

[.1.1.6.3 Conditional Operations—Case 3
The examplesin this section illustrate the following code sequence:

start: mull. rl=r1*r3
bc lab, cr0
nmspr spr=rl

| ab: stw nmem(r5,8)=r1l
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There are four possible timingsfor this sequence, depending on whether the branch istaken
and on whether it is predicted correctly.

Table 1-18 showsthe timing for the code sequence when the branch istaken and is predicted
successfully.

Table I-18. Conditional Operation (Case 3)—Predict Taken Correctly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5-8 9 10
Memory FA mull., bc, stw
mtspr, stw
CARB mull., bc, stw stw
mtspr, stw
CACC mull., bc, stw
mtspr, stw
Dispatch 1Q7
1Q6
1Q5
1Q4
1Q3 stw
1Q2 mtspr
1Q1 bc stw
1Q0 mull. mtspr stw stw
U ID mull. mtspr stw stw
IE mull., mull., Tagpbr stw
Tagpbr Tagpbr
IC mull.
IWA mull.
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
Notes bc Prediction
predicted confirmed
(cannot be
resolved)
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Table 1-19 shows the timing for the code sequence when the branch is not taken and is

predicted unsuccessfully.

Table 1-19. Conditional Operation (Case 3)—Predict Taken Incorrectly

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5-8 9
Memory FA mull., bc, st mtspr, stw
mtspr, stw
CARB mull., bc, st mtspr, stw
mtspr, stw
CACC mull., bc, st
mtspr, stw
Dispatch 1Q3 stw
1Q2 mtspr
1Q1 bc stw
1Q0 mull. mtspr stw stw
U ID mull. mtspr stw stw
IE mull., mull., Tagpbr Tagpbr
Tagpbr
IC mull.
IWA mull.
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
Notes bc predicted Fetcher Fetcher
(cannot be recovers from recovers from
resolved) misprediction. misprediction.
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Table 1-19. Conditional Operation (Case 3)—Predict Taken
Incorrectly (Continued)

Pipeline Stage Cycle Number

Unit Stage 10 11 12 13 14

Memory FA

CARB stw

CACC | mtspr, stw stw

Dispatch 1Q3

1Q1 stw

1Q0 mtspr stw

U ID mtspr stw

IE mtspr stw

IC mtspr stw

IWA mtspr

IWL

FPSB

ISB

BPU BE

MR

BW

Notes

Table I-20 shows the timing for the code sequence when the branch is not taken and is
predicted successfully.
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Table 1-20. Conditional Operation (Case 3)—Predict Not-Taken Correctly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5-8 9 10
Memory FA mull., bc,
mtspr, stw
CARB mull., bc,
mtspr, stw
CACC mull., bc,
mtspr, stw
Dispatch 1Q7
1Q6
1Q5
1Q4
1Q3 stw
1Q2 mtspr
1Q1 bc stw stw stw
1Q0 mull. mtspr mtspr mtspr stw
U ID mull. mtspr mtspr mtspr stw
IE mull., mull., Tagpbr mtspr
Tagpbr Tagpbr
IC mull.
IWA mull.
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
Notes bc Prediction
predicted confirmed
(cannot be
resolved)

Table 1-21 shows the timing for the code sequence when the branch is not taken and is
predicted unsuccessfully.
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Table 1-21. Conditional Operation (Case 3)—Predict Not-Taken Incorrectly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5-8 9 10
Memory FA mull., bc, stw
mtspr, stw
CARB mull., bc, stw
mtspr, stw
CACC mull., bc, stw
mtspr, stw
Dispatch 1Q3 stw
1Q2 mtspr
1Q1 bc stw stw stw
1Q0 mull. mtspr mtspr mtspr
U ID mull. mtspr mtspr mtspr
IE mull., mull., Tagpbr
Tagpbr Tagpbr
IC mull.
IWA mull.
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
Notes bc Fetcher
predicted recovers from
(cannot misprediction.
be
resolved)
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Table I-21. Conditional Operation Case 3—
Predict Not-Taken Incorrectly (Continued)

Pipeline Stage

Cycle Number

Unit

Stage

11

12

13

Memory

FA

stw

stw

Dispatch

stw

U

stw

Sstw

stw

BPU

Notes

1.1.1.6.4 Conditional Operations—Case 4
The next four examples illustrate the following code sequence:

start:

| ab:

f madd.
bc | ab,
for f4=f1

stfd nem(r5, 8)=f1

f1=(f0*f 1) +f 3
crl

There are four possible timingsfor this sequence, depending on whether the branch istaken
and on whether it was predicted correctly.

Table 1-22 showsthe timing for the code sequence when the branch istaken and is predicted
successfully.
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Table 1-22. Conditional Operation (Case 4)—Predict Taken Correctly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA fmadd., stfd
bc, fmr,
stfd
CARB | fmadd., stfd
bc, fmr,
stfd
CACC fmadd., stfd
bc, fmr,
stfd
Dispatch 1Q3 stfd
1Q2 fmr
1Q1 bc stfd
1Q0 fmadd. fmr stfd stfd stfd,
Tagstfd
U ID stfd stfd stfd,
Tagstfd
IE Tagpbr, Tagpbr Tagpbr Tagpbr
Tagfmadd
IC Tagfmadd | Tagfmadd | Tagfmadd
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc bc
BW
FPU F1 fmr
FD fmadd. fmadd. stfd
FPM fmadd. fmadd.
FPA fmadd. fmadd.
FWA
FWL
Notes bc F1 is full,
predicted so stfd
(cannot be cannot
resolved) dispatch
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Table 1-22. Conditional Operation (Case 4)—Predict Taken Correctly (Continued)

Pipeline Stage Cycle Number
Unit Stage 8 9 10 11 12 13 14
Memory FA
CARB stfd
CACC stfd
Dispatch 1Q3
1Q2
Q1
1Q0 stfd, Tagstfd stfd, stfd,
Tagstfd Tagstfd
U ID stfd, Tagstfd stfd, stfd,
Tagstfd Tagstfd
IE Tagpbr Tagpbr stfd,
Tagstfd
IC Tagfmadd stfd,
Tagstfd
IWA
IWL
FPSB stfd stfd stfd
ISB
BPU BE
MR bc bc
BW
FPU F1
FD stfd stfd
FPM stfd
FPA stfd
FWA fmadd. stfd stfd
FWL
Notes stfd is stalled Branch
due to the prediction
dependency confirmed.
on the fmadd.
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Table 1-23 shows the timing for the code sequence when the branch is not taken and is
predicted unsuccessfully.

Table 1-23. Conditional Operation (Case 4)—Predict Taken Incorrectly

Pipeline Stage Cycle Number
Unit stage 1 2 3 4 5 6
Memory FA fmadd., bc, stfd
fmr, stfd
CARB | fmadd., bc, stfd
fmr, stfd
CACC fmadd., bc, stfd
fmr, stfd
Dispatch 1Q3 stfd
1Q2 fmr
1Q1 bc stfd
1Q0 fmadd. fmr stfd stfd
U 1D stfd stfd
IE Tagpbr, Tagpbr Tagpbr
Tagfmadd
IC Tagfmadd Tagfmadd
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
FPU F1 fmr
FD fmadd. fmadd.
FPM fmadd. fmadd.
FPA fmadd.
FWA
FWL
Notes bc predicted F!is full, so stfd
(cannot be cannot be
resolved) dispatched.
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Table 1-23. Conditional Operation (Case 4)—Predict Taken Incorrectly (Continued)

Pipeline Stage

Cycle Number

Unit Stage 7 8 9 10 11 12
Memory FA fmr, stfd
CARB fmr, stfd
CACC fmr, stfd
Dispatch 1Q3
1Q2
Q1 stfd
1Q0 stfd, Tagstfd stfd, Tagstfd stfd, Tagstfd fmr stfd
U ID stfd, Tagstfd stfd, Tagstfd stfd, Tagstfd stfd
IE Tagpbr Tagpbr Tagpbr Tagfmr
IC Tagfmadd Tagfmadd
IWA
IWL
FPSB
ISB
BPU BE
MR bc bc bc
BW
FPU F1
FD stfd stfd stfd fmr
FPM stfd
FPA fmadd.
FWA fmadd.
FWL
Notes stfd is stalled due BPU recovers from
to the dependency mispredicted
on the fmadd. branch
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Table 1-23. Conditional Operation (Case 4)—Predict Taken
Incorrectly (Continued)

Pipeline Stage Cycle Number

Unit Stage 13 14 15 16 17

Memory FA

CARB stfd

CACC stfd

Dispatch 1Q3

IE stfd, Tagstfd

IC Tagfmr stfd,
Tagstfd

IWA

IWL

FPSB stfd stfd stfd

ISB

BPU BE

MR

BW

FPU F1

FD stfd

FPM fmr stfd

FPA fmr stfd

FWA fmr stfd

FWL

Notes

Table 1-24 shows the timing for the code sequence when the branch is not taken and is
predicted successfully.
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Table 1-24. Conditional Operation (Case 4)—Predict Not-Taken Correctly

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5 6
Memory FA fmadd., bc,
fmr, stfd
CARB | fmadd., bc,
fmr, stfd
CACC fmadd., bc,
fmr, stfd
Dispatch 1Q3 stfd
1Q2 fmr
1Q1 bc stfd
1Q0 fmadd. fmr stfd stfd
U ID Tagfmr Tagfmr
IE Tagpbr, Tagpbr Tagpbr
Tagfmadd
IC Tagfmadd Tagfmadd
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
FPU F1 fmr
FD fmadd. fmadd. fmr
FPM fmadd. fmadd.
FPA fmadd.
FWA
FWL
Notes bc F1 is full, so
predicted stfd cannot be
(cannot be dispatched.
resolved)
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Table 1-24. Conditional Operation (Case 4)—Predict Not-Taken Correctly
(Continued)

Pipeline Stage Cycle Number
Unit Stage 7 8 9 10 11 12
Memory FA
CARB
CACC
Dispatch 1Q3
1Q2
Q1
1Q0 stfd, Tagstfd | stfd, Tagstfd | stfd, Tagstfd | stfd, Tagstfd
U ID Tagfmr Tagfmr Tagfmr Tagfmr stfd,
Tagstfd
IE Tagpbr Tagpbr Tagpbr Tagfmr stfd, Tagstfd
IC Tagfmadd Tagfmadd Tagfmr
IWA
IWL
FPSB stfd
ISB
BPU BE
MR bc bc bc
BW
FPU F1
FD stfd stfd stfd stfd stfd stfd
FPM fmr
FPA fmadd. fmr
FWA fmadd. fmr fmr fmr fmr
FWL
Notes stfd stalls Branch fmr cannot
due to a RAW prediction is leave FW
dependency confirmed. until its tag
on fmadd. completes.
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Table 1-24. Conditional Operation (Case 4)—Predict Not-Taken Correctly
(Continued)

Pipeline Stage Cycle Number

Unit Stage 13 14 15 16 17

Memory FA

CARB stfd

Dispatch 1Q3

IC stfd, Tagstfd

IWA

IWL

FPSB stfd stfd stfd stfd stfd

ISB

BPU BE

MR

BW

FPU F1

FD stfd

FPM stfd

FPA stfd

FWA fmr stfd

FWL

Notes

Table I-25 shows the timing for the code sequence when the branch is not taken and is
predicted unsuccessfully.
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Table 1-25. Conditional Operation (Case 4)—Predict Not-Taken Incorrectly
Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6
Memory FA fmadd., bc,
fmr, stfd
CARB fmadd., bc,
fmr, stfd
CACC fmadd., bc,
fmr, stfd
Dispatch 1Q3 stfd
1Q2 fmr
1Q1 bc stfd
1Q0 fmadd. fmr stfd stfd
U ID Tagfmr Tagfmr
IE Tagpbr, Tagpbr Tagpbr
Tagfmadd
IC Tagfmadd Tagfmadd
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
FPU F1 fmr
FD fmadd. fmadd. fmr
FPM fmadd. fmadd.
FPA fmadd.
FWA
FWL
Notes bc predicted F1is full, so
(cannot be stfd cannot be
resolved) dispatched.
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Table 1-25. Conditional Operation (Case 4)—Predict Not-Taken Incorrectly
(Continued)

Pipeline Stage

Cycle Number

Unit Stage 7 8 9 10 11 12
Memory FA stfd
CARB stfd
CACC stfd
Dispatch 1Q3
1Q2
1Q2
1Q0 stfd, Tagstfd stfd, stfd, Tagstfd stfd
Tagstfd
U ID Tagfmr Tagfmr Tagfmr stfd
IE Tagpbr Tagpbr Tagpbr stfd,
Tagstfd
IC Tagfmadd Tagfmadd
IWA
IWL
FPSB
ISB
BPU BE
MR bc bc bc
BW
FPU F1
FD stfd stfd stfd stfd stfd
FPM fmr
FPA fmadd. fmr
FWA fmadd. fmr fmr
FWL
Notes stfd stalls due BPU recovers
to a RAW from
dependency mispredicted
on the fmadd. branch.
1-36 PowerPC 601 RISC Microprocessor User's Manual




g |

Table 1-25. Conditional Operation (Case 4)—Predict
Not-Taken Incorrectly (Continued)

Pipeline Stage Cycle Number

Unit Stage 13 14 15 16

Memory FA

CARB stfd

CACC stfd

Dispatch 1Q3

IC stfd, Tagstfd

IWA

IWL

FPSB stfd stfd stfd

ISB

BPU BE

MR

BW

FPU F1

FD

FPM stfd

FPA stfd

FWA stfd

FWL

Notes

[.1.1.6.5 Conditional Operations—Case 5
The next four examples illustrate the following code sequence. There are four possible
timings for this sequence, depending on whether the branch is taken and on whether the
prediction is correct.
start: fradds. f1=(f0*f1)+f3

bc lab, crl
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fmr f4=f1
| ab: stfd mem(r5,8)=f1

Table 1-26 showsthe timing for the code sequence when the branch istaken and is predicted
successfully.

Table I-26. Conditional Operation (Case 5)—Predict Taken Correctly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6
Memory FA fmadds., stfs
bc, fmr, stfs
CARB fmadds., stfs
bc, fmr, stfs
CACC fmadds., stfs
bc, fmr, stfs
Dispatch 1Q3 stfs
1Q2 fmr
1Q1 bc stfs
1Q0 fmadds. fmr stfs stfs, Tagstfs
U ID stfs stfs, Tagstfs
IE Tagpbr, Tagpbr Tagpbr
Tagfmadds
IC Tagfmadds | Tagfmadds
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
FPU F1
FD fmadds. fmr stfs
FPM fmadds.
FPA fmadds.
FWA
FWL
Notes bc predicted
(cannot be
resolved)
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Table 1-26. Conditional Operation (Case 5)—Predict Taken Correctly (Continued)

Pipeline Stage Cycle Number
Unit Stage 7 8 9 10 11 12 13
Memory FA
CARB stfs
CACC stfs
Dispatch 1Q3
1Q2
IQ1
1Q0 stfs, Tagstfs stfs, stfs,
Tagstfs Tagstfs
U ID stfs, Tagstfs stfs, stfs,
Tagstfs Tagstfs
IE Tagpbr Tagpbr stfs,
Tagstfs
IC Tagfmadds stfs,
Tagstfs
IWA
IWL
FPSB stfs stfs
ISB
BPU BE
MR bc bc
BW
FPU F1
FD stfs stfs
FPM stfs
FPA stfs
FWA fmadds. stfs
FWL
Notes stfs stalls if Branch
FD because prediction
of the RAW confirmed.
hazard with
the fmadds.

Table I-27 showsthe timing for the code sequence when the branch istaken and is predicted

unsuccessfully.
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Table 1-27. Conditional Operation (Case 5)—Predict Taken Incorrectly

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5 6
Memory FA fmadds., stfs
bc, fmr, stfs
CARB fmadds., stfs
bc, fmr, stfs
CACC fmadds., stfs
bc, fmr, stfs
Dispatch 1Q3 stfs
1Q2 fmr
1Q1 bc stfs
1Q0 fmadds. fmr stfs stfs, Tagstfs
U ID stfs stfs, Tagstfs
IE Tagpbr, Tagpbr Tagpbr
Tagfmadds
IC Tagfmadds Tagfmadds
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
FPU F1
FD fmadds. fmr stfs
FPM fmadds.
FPA fmadds.
FWA
FWL
Notes bc
predicted
(cannot be
resolved)
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Table 1-27. Conditional Operation Case 5—Predict Taken Incorrectly (Continued)

Pipeline Stage

Cycle Number

Unit Stage 7 8 9 10 11 12
Memory FA fmr, stfs
CARB fmr, stfs
CACC fmr, stfs
Dispatch 1Q3
1Q2
Q1 stfs
1Q0 stfs, Tagstfs stfs, Tagstfs fmr stfs
U ID stfs, Tagstfs stfs, Tagstfs stfs
IE Tagpbr Tagpbr Tagfmr stfs,
Tagstfs
IC Tagfmadds Tagfmr
IWA
IWL
FPSB
ISB
BPU BE
MR bc bc
BW
FPU F1
FD stfs stfs fmr stfs
FPM stfs fmr
FPA
FWA fmadds.
FWL
Notes stfs stalls if FD | BPU recovers
because of the from branch
RAW hazard misprediction.
with the
fmadds.
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Table 1-27. Conditional Operation Case 5—Predict Taken
Incorrectly (Continued)

Pipeline Stage Cycle Number

Unit Stage 13 14 15 16

Memory FA

CARB stfs

CACC stfs

Dispatch Q3

IC stfs,
Tagstfs

IWA

WL

FPSB stfs stfs stfs

ISB

BPU BE

MR

BW

FPU F1

FD

FPM stfs

FPA fmr stfs

FWA fmr stfs

FWL

Notes

Table 1-28 shows the timing for the code sequence when the branch is not taken and is
predicted successfully.
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Table 1-28. Conditional Operation (Case 5)—Predict Not-Taken Correctly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5
Memory FA fmadds., bc, stfs
fmr, stfs
CARB fmadds., bc, stfs
fmr, stfs
CACC fmadds., bc, stfs
fmr, stfs
Dispatch 1Q3 stfs
1Q2 fmr
1Q1 bc stfs
1Q0 fmadds. fmr stfs
U ID Tagfmr
IE Tagpbr, Tagfmadds Tagpbr
IC Tagfmadds
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc
BW
FPU F1
FD fmadds. fmr
FPM fmadds.
FPA
FWA
FWL
Notes bc predicted
(cannot be
resolved)
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Table 1-28. Conditional Operation (Case 5)—Predict Not-Taken Correctly
(Continued)

Pipeline Stage Cycle Number
Unit Stage 6 7 8 9 10 11
Memory FA
CARB
CACC
Dispatch 1Q3
1Q2
Q1
1Q0 stfs, stfs, Tagstfs stfs, Tagstfs | stfs, Tagstfs
Tagstfs
U ID Tagfmr Tagfmr Tagfmr Tagfmr stfs,
Tagstfs
IE Tagpbr Tagpbr Tagpbr Tagfmr stfs,
Tagstfs
IC Tagfmadds Tagfmadds Tagfmr
IWA
IWL
FPSB
ISB
BPU BE
MR bc bc bc
BW
FPU F1
FD stfs stfs stfs stfs stfs stfs
FPM fmr
FPA fmadds. fmr
FWA fmadds. fmr fmr fmr fmr
FWL
Notes stfs stalls if FD The branch fmr cannot
because of the predictionis | leave FW
RAW confirmed until its tag
dependency with completes
the fmadds.
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Table 1-28. Conditional Operation (Case 5)—Predict Not-Taken Correctly
(Continued)

Pipeline Stage Cycle Number

Unit Stage 12 13 14 15 16

Memory FA

CARB stfs

CACC stfs

Dispatch 1Q3

IWA

IWL

FPSB stfs stfs stfs stfs stfs

ISB

BPU BE

MR

BW

FPU F1

FD stfs

FPM stfs

FPA stfs

FWA fmr stfs

FWL

Notes

Table 1-29 showsthe timing for the code sequence when the branch istaken and is predicted
unsuccessfully.
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Table 1-29. Conditional Operation (Case 5)—Predict Not-Taken Incorrectly

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6
Memory FA fmadds., stfs
bc, fmr, stfs
CARB fmadds., stfs
bc, fmr, stfs
CACC fmadds., stfs
bc, fmr, stfs
Dispatch 1Q3 stfs
1Q2 fmr
1Q1 bc stfs
1Q0 fmadds. fmr stfs, stfs
Tagstfs
U ID Tagfmr Tagfmr
IE Tagpbr, Tagpbr Tagpbr
Tagfmadds
IC Tagfmadds | Tagfmadds
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
FPU F1
FD fmadds. fmr stfs
FPM fmadds. fmr
FPA fmadds.
FWA
FWL
Notes bc predicted
(cannot be
resolved)
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Table 1-29. Conditional Operation (Case 5)—Predict Not-Taken Incorrectly

(Continued)

Pipeline Stage

Cycle Number

Unit Stage 7 8 9 10 11 12 13 14 15
Memory FA stfs
CARB stfs stfs
CACC stfs stfs
Dispatch 1Q3
1Q2
1Q1
1Q0 stfs, stfs, stfs
Tagstfs Tagstfs
1] ID Tagfmr Tagfmr stfs
IE Tagpbr Tagpbr stfs,
Tagstfs
IC Tagfmadds stfs,
Tagstfs
IWA
IWL
FPSB stfs stfs stfs
ISB
BPU BE
MR bc bc
BW
FPU F1
FD stfs stfs stfs stfs
FPM stfs
FPA fmr stfs
FWA fmadds. fmr fmr stfs
FWL
Notes stfs stalls if BPU
FD because | recovers
of the RAW from
dependency | incorrect
with the prediction.
fmadds.
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1.1.1.7 Conditional Loop Closure Examples

The examplesin this section show the timings for code sequences that perform conditional
loop closure. In the tables illustrating this type of code, the loop is run until the pipeline
behavior stabilizes, at which point the loop is exited. These examples show the behavior of
the pipeline in three different conditions—loop start-up, stable looping code, and loop
completion.

[.1.1.7.1 Conditional Loop Closure—Case 1
The tables in this section show the timings for the following code sequence:

start: add ri1=r1+r3
cnp cr3=rl,r4
bc start, cr3
exit: add rl=r4,r3

Table 1-30 shows the timing when the conditional branch is predicted astaken. Note that in
this example, (op), which begin appearing in clock cycle 10, are the instructions along
sequential path beyond the second add (add2) instruction. These instructions are shown
here because the sequential path is executed.
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Table 1-30. Conditional Loop Closure (Case 1)—Predict Taken

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA start:0 start:1 start:2
CARB add1l, add1, add1l,
cmp, cmp, cmp,
bc,add2 bc,add2 bc,add2
CACC addl, addl, add1,
cmp, cmp, cmp,
bc,add2 bc,add2 bc,add2
Dispatch 1Q3 add2 add2
1Q2 bc bc add2
Q1 cmp add2 cmp bc
1Q0 addl cmp, addl cmp add2
Tagpbr
U ID addl cmp, addl cmp add2
Tagpbr
IE addl cmp, Tagpbr addl cmp, Tagpbr
IC addl cmp addl
IWA addl cmp addl
IWL
FPSB
ISB
BPU BE bc bc
MR bc bc bc bc bc
BW
Notes bc cmp result is bc cmp resultis
predicted forwarded to predicted | forwarded
taken. MR; bc resolved: taken. to MR; bc
predicted resolved:
correctly; bc in predicted
1Q2 stalls correctly.
because MR is
busy.
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Table 1-30. Conditional Loop Closure (Case 1)—Predict Taken (Continued)

Pipeline Stage

Cycle Number

Unit Stage 8 9 10 11 12 13
Memory FA start:3 Exit+5(*4) Exit+6(*4) start:4 Exit+8(*4)
CARB | addil,cmp, Exit+5(*4) Exit+6(*4) addl,cmp, Exit+8(*4)
bc,add2 bc,add2
CACC addl,cmp, Exit+5(*4) Exit+6(*4) addl,cmp, Exit+8(*4)
bc,add2 bc,add2
Dispatch 1Q7 (op) (op) (op)
1Q6 (op) (op) (op) (op)
Q5 (op) (op) (op) (op)
Q4 (op) (op) (op) (op)
1Q3 add2 add2 (op) (op) (op)
1Q2 bc bc add2 (op) (op)
Q1 cmp add2 cmp bc (op) (op)
1Q0 addl cmp, addl cmp add2 (op)
Tagpbr
U ID addl cmp, addl cmp add2 (op)
Tagpbr
IE addl cmp, Tagpbr addl cmp, Tagpbr add2
IC cmp cmp cmp
IWA cmp cmp cmp
IWL
FPSB
ISB
BPU BE bc bc
MR bc bc bc bc
BW
Notes bc State in cmp result bc cmp resultis
predicted this cycle is | is forwarded predicted forwarded to MR;
taken. the same to MR; bc taken. bc resolved:
as the state | resolved: predicted
in cycle 4. predicted incorrectly. Target
(2.5 cycle/ correctly; bc instructions are
loop) in 1Q2 stalls not loaded into
because MR DS.
is busy.
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Table 1-31 shows the timing when the conditional branch is predicted as not-taken.

Table I-31. Conditional Loop Closure (Case 1)—Predict Not-Taken

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5 6
Memory FA start:0 start:1
CARB | addl,cmp, addl,cmp,
bc,add2 bc,add2
CACC addl,cmp, addl,cmp,
bc,add2 bc,add2
Dispatch 1Q3 add2
1Q2 bc
1Q1 cmp add2
1Q0 addl cmp, Tagpbr add2
U ID add1l cmp, Tagpbr add2
IE addl cmp, Tagpbr
IC addl cmp
IWA addl cmp
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc
BW
Notes bc cmp resultis
predicted forwarded to MR;
not-taken. bc resolved:
predicted
incorrectly.
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Table 1-32. Conditional Loop Closure (Case 1)—Predict Not-Taken
(Continued)

Pipeline Stage Cycle Number
Unit Stage 7 8 9 10
Memory FA Exit+8(*4)
CARB Exit+8(*4)
CACC Exit+8(*4)
Dispatch | 1Q7 (op)
1Q6 (op) (op)
1Q5 (op) (op)
1Q4 (op) (op)
1Q3 add2 (op) (op)
1Q2 bc (op) (op)
1Q1 cmp add2 (op) (op)
1Q0 addl cmp, Tagpbr add2 (op)
U ID addl cmp, Tagpbr add2 (op)
IE addl cmp, Tagpbr add2
IC addl cmp
IWA addl cmp
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc
BW
Notes State in this cycle is the cmp result is forwarded
same as the state in to MR; bc resolved:
cycle 3 (4 cycles/loop) predicted correctly.

[.L1.1.7.2 Conditional Loop Closure—Case 2
The tables in this section show the timings for the following code sequence:

start: mull rl=rl*r3
cmp cr3=rl,r4
bc start, cr3

exit: mul | rl=ril1*r4
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Table 1-33 shows the timing when the conditional branch is predicted as taken.

Table I-33. Conditional Loop Closure (Case 2)—Predict Taken

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5-8 9
Memory FA start:0 start:1
CARB | mulll,cmp, mulll,cmp,
bc,mull2 bc,mull2
CACC mulll,cmp, mulll,cmp,
bc,mull2 bc,mull2
Dispatch 1Q3 mull2 mull2 mull2
1Q2 bc bc bc
1Q1 cmp mull2 cmp cmp
1Q0 mulll cmp, mulll mulll
Tagpbr
U ID mulll cmp, cmp, mulll
Tagpbr Tagpbr
IE mulll mulll cmp, Tagpbr
IC mulll
IWA mulll
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
Notes bc cmp resultis
predicted forwarded to MR; bc
taken. resolved: predicted
correctly; bc in 1Q2
stalls because MR
is busy.
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Table 1-33. Conditional Loop Closure (Case 2)—Predict Taken (Continued)

Pipeline Stage Cycle Number
Unit Stage 10 11 12-14 15 16 17
Memory FA start:2 start:3
CARB | mulll,cmp, mulll,cmp,
bc,mull2 bc,mull2
CACC mulll,cmp, mulll,cmp,
bc,mull2 bc,mull2
Dispatch 1Q3 mull2 mull2
1Q2 mull2 bc bc mull2
1Q1 bc cmp cmp bc
1Q0 cmp mull2 mulll mulll cmp mull2
U ID cmp cmp, cmp, mulll cmp cmp,
Tagpbr Tagpbr Tagpbr
IE mulll mulll mulll cmp, Tagpbr mulll mulll
IC cmp mulll cmp
IWA cmp mulll cmp
IWL
FPSB
ISB
BPU BE bc bc
MR bc bc bc bc bc
BW
Notes bc State in this | cmp result is bc
predicted cycle (14) forwarded to MR; predicted
taken. is the same | bc resolved: taken.
as the state | predicted
in cycle 8. correctly; bc in
(6 cycles/ 1Q2 stalls
loop) because MR is
busy.
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Table 1-33. Conditional Loop Closure (Case 2)—Predict Taken (Continued)

Pipeline Stage Cycle Number
Unit Stage 18-20 21 22 23 24-28 29
Memory FA Exit:
CARB mull2
CACC mull2
Dispatch 1Q3 mull2 mull2
1Q2 bc bc
Q1 cmp cmp
1Q0 mulll mulll mull2
U ID cmp, Tagpbr mulll mull2
IE mulll cmp, Tagpbr mull2
IC mulll cmp mull2
IWA mulll cmp mull2
IWL
FPSB
ISB
BPU BE
MR bc bc
BW
Notes State in this cmp result is forwarded
cycle (14)isthe | to MR; bc resolved:
same as the predicted incorrectly;
state in cycle 8. | instructions from start:
(6 cycles/loop) three are purged and
Exit: is fetched (FA).
Table 1-34 shows the timing when the conditional branch is predicted as not-taken.
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Table 1-34. Conditional Loop Closure (Case 2)—Predict Not-Taken

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5-8 9 10
Memory FA start:0 start:1
CARB mulll, mulll,
cmp, cmp,
bc,mull2 bc,mull2
CACC mulll, mulll,
cmp, cmp,
bc,mull2 bc,mull2
Dispatch 1Q3 mull2
1Q2 bc
101 cmp mull2
1Q0 mulll cmp, mull2 mull2
Tagpbr
U ID mulll cmp, cmp, mull2

Tagpbr Tagpbr

IE mulll mulll cmp,
Tagpbr
IC mulll cmp
IWA mulll cmp
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
Notes bc cmp
predicted result is
not-taken. forwarded
to MR; bc
resolved:
predicted
incorrectly;
fetcher
recovers
from mis-
predicted
branch.
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Table 1-34. Conditional Loop Closure (Case 2)—Predict Not-Taken (Continued)

Pipeline Stage Cycle Number
Unit Stage 11 12 13-16 17 18 19 20
Memory FA start:1
CARB mulll,
cmp,
bc,mull2
CACC mulll,
cmp,
bc,mull2
Dispatch 1Q3 mull2 mull2
1Q2 bc bc
101 cmp mull2 cmp mull2
1Q0 mulll cmp, mull2 mull2 mulll cmp,
Tagpbr Tagpbr
U ID mulll cmp, cmp, mull2 mulll cmp,
Tagpbr Tagpbr Tagpbr
IE mulll mulll cmp, mulll
Tagpbr
IC mulll cmp
IWA mulll cmp
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc bc bc
BW
Notes bc state in cmp bc
predicted | this cycle result is predicted
not-taken | is the forwarded not-taken
same as to MR; bc
the state resolved:
in cycle 4. predicted
(8 cycle/ incorrectly;
loop) fetcher
recovers
from mis-
predicted
branch.
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Table 1-34. Conditional Loop Closure (Case 2)—Predict Not-Taken
(Continued)

Pipeline Stage Cycle Number
Unit Stage 21 22 23 24-27 28
Memory FA
CARB
CACC mull2
Dispatch 1Q3
1Q2
Q1
1Q0 mull2 mull2
U ID cmp, Tagpbr mull2
IE mulll cmp, Tagpbr mull2 mull2
IC mulll cmp mull2
IWA mulll cmp mull2
IWL
FPSB
ISB
BPU BE
MR bc bc
BW
Notes cmp resultis
forwarded to MR; bc
resolved: predicted
correctly.

[.1.1.7.3 Conditional Loop Closure—Case 3
The tables in this section show the timings for the following code sequence:

start: frmadd fl=(f2*f3)+f1
fcmpu cr3=f1,f5
bc start, cr3
exit: fmadd fl1=(f2*f4)+f1
Table I-35 shows the timing when the conditional branch is predicted as taken.

I-58 PowerPC 601 RISC Microprocessor User's Manual



g |

Table 1-35. Conditional Loop Closure (Case 3)—Predict Taken

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5
Memory FA start:0 start:1
CARB fmaddi, fmadd1,
fcmpu,bc, fcmpu,bc,
fmadd2 fmadd2
CACC fmaddi, fmadd1,
fcmpu,bc, fcmpu,bc,
fmadd2 fmadd2
Dispatch 1Q3 fmadd2 fmadd2
1Q2 bc bc
1Q1 fcmpu fmadd2 fcmpu
1Q0 fmaddl fcmpu, Tagpbr fmaddl
U ID
IE Tagfmaddl Tagfcmpu,
Tagpbr
IC Tagfmaddl
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc
BW
FPU F1 fcmpu
FD fmadd1l fmaddl
FPM fmaddl
FPA
FWA
FWL
Notes bc predicted bc stalls

taken.

because MR is
busy.
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Table 1-35. Conditional Loop Closure (Case 3)—Predict Taken (Continued)

Pipeline Stage

Cycle Number

Unit Stage 6 7 8 9 10
Memory FA
CARB
CACC
Dispatch 1Q3
1Q2 fmadd2 fmadd2 fmadd2 fmadd2 fmadd2
1Q1 bc bc bc bc bc
1Q0 fcmpu fcmpu fcmpu fcmpu fcmpu
U ID Tagfmaddl Tagfmaddl Tagfmaddl Tagfmaddl Tagfmaddl
IE Tagpbr Tagpbr Tagpbr Tagpbr Tagpbr
IC Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu
IWA
IWL
FPSB
ISB
BPU BE
MR bc bc bc bc bc
BW
FPU F1 fmaddl fmaddl fmaddl fmaddl
FD fcmpu fcmpu fcmpu fcmpu fmaddl
FPM fmaddl fcmpu
FPA fmadd1l fmadd1l
FWA fmaddl fmaddl
FWL
Notes Floating-point compare fcmpu stalls
(IC) instructions inFD duetoa
synchronize between data
FW and IC. fcmpu in dependency.
1QO stalls because F1 is
busy.
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Table 1-35. Conditional Loop Closure (Case 3)—Predict Taken (Continued)

Pipeline Stage Cycle Number
Unit Stage 11 12 13 14 15 16
Memory FA start:2
CARB fmaddi,
fcmpu,bc,
fmadd2
CACC fmaddl,
fcmpu,bc,
fmadd2
Dispatch 1Q3 fmadd2
1Q2 fmadd2 fmadd2 Tagfmadd?2 Tagfmadd?2 bc
Q1 bc bc bc bc fcmpu
1Q0 Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu | Tagfmadd2 fmadd1l
U ID Tagfmaddl Tagfmaddl Tagfmaddl Tagfcmpu | Tagfmadd2
IE Tagpbr Tagpbr Tagpbr Tagfmaddl | Tagfcmpu, Tagpbr
Tagpbr
IC Tagfcmpu Tagfcmpu Tagfmaddl | Tagfcmpu
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc bc bc
BW
FPU F1 fcmpu fmadd2 fmadd2 fmadd2
FD fmaddl fcmpu fcmpu fcmpu fcmpu fmadd2
FPM fmaddl fmaddl fcmpu
FPA fcmpu fmaddl fmaddl
FWA fcmpu fmadd1l
FWL
Notes CR information bc Tagfmadd2 | fmadd2
is sent to the predicted is purged is purged
BPU; branch is taken from the from the
resolved as pipeline. FPU.
predicted
correctly.
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Table 1-35. Conditional Loop Closure (Case 3)—Predict Taken (Continued)

Pipeline Stage

Cycle Number

Unit Stage 17 18 19 20 21 22
Memory FA Start:3
CARB fmaddi,
fcmpu,bc,
fmadd2
CACC fmaddl,
fcmpu,bc,
fmadd2
Dispatch 1Q3 fmadd2
1Q2 fmadd2 fmadd2 fmadd2 Tagfmadd?2 bc
1Q1 bc bc bc bc fcmpu
1Q0 fcmpu Tagfcmpu Tagfcmpu Tagfcmpu Tagfmadd?2 fmaddl
U ID Tagfmaddl | Tagfmaddl Tagfmaddl1 Tagfcmpu Tagfmadd?2
IE Tagpbr Tagpbr Tagpbr Tagfmaddl | Tagfcmpu, Tagpbr
Tagpbr
IC Tagfcmpu Tagfcmpu Tagfmaddl | Tagfcmp
u
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc bc bc
BW
FPU F1 fcmpu fmadd2 fmadd2 fmadd2
FD fmaddl fmaddl fcmpu fcmpu fcmpu fcmpu
FPM fmaddl fmadd1l
FPA fcmpu fmadd1l fmadd1l
FWA fcmpu fmaddl
FWL
Notes CR data is sent to bc fmadd2
the BPU; branch is | predicted is
resolved as taken purged
predicted correctly. from the
FPU.
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Table 1-35. Conditional Loop Closure (Case 3)—Predict Taken (Continued)

Pipeline Stage Cycle Number
Unit Stage 23 24 25 26 27 28
Memory FA Exit:
CARB fmadd2
CACC fmadd2
Dispatch 1Q3 fmadd2
1Q2 bc fmadd2 fmadd2 fmadd2
Q1 fempu bc bc bc
1Q0 fmadd1l fcmpu Tagfcmpu Tagfcmpu fmadd2
U ID Tagfmaddl Tagfmaddl Tagfmaddl
IE Tagpbr Tagpbr Tagpbr Tagpbr
IC Tagfcmpu Tagfcmpu Tagfcmpu
IWA
IWL
FPSB
ISB
BPU BE
MR bc bc bc bc
BW
FPU F1 fcmpu fmadd2
FD fmaddl fmaddl fcmpu fcmpu
FPM fcmpu fmaddl fmaddl
FPA fempu fmadd1l fmadd1l
FWA fcmpu
FWL
Notes The state in this CR information | fmaddl,
cycle is the same is sent to the fcmpu, and
as the state in BPU; branch is | fmadd2 are
cycle 17 resolved as purged
(7 cycl/loop). predicted from the
incorrectly. FPU.
Appendix I. Instruction Timing Examples I-63




g |

Table 1-35. Conditional Loop Closure (Case 3)—Predict Taken (Continued)

Pipeline Stage Cycle Number

Unit Stage 29 30 31 32

Memory FA

Dispatch 1Q3

IE Tagfmadd?2

IC Tagfmadd?2

IWA

IWL

FPSB

ISB

BPU BE

MR

BW

FPU F1

FD fmadd2

FPM fmadd2

FPA fmadd2

FWA fmadd2

FWL

Notes

Table 1-36 shows the timing when the conditional branch is predicted as not-taken.
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Table 1-36. Conditional Loop Closure (Case 3)—Predict Not-Taken

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6
Memory FA start:0
CARB fmadd1i,
fcmpu,bc,
fmadd2
CACC fmadd1,
fcmpu,bc,
fmadd2
Dispatch 1Q3 fmadd2
1Q2 bc
1Q1 fcmpu fmadd2
1Q0 fmaddl fcmpu, fmadd2 fmadd2
Tagpbr
U ID
IE Tagfmaddl | Tagfcmpu, Tagpbr
Tagpbr
IC Tagfmaddl Tagfcmpu
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
FPU F1 fcmpu
FD fmaddl fmaddl fcmpu
FPM fmadd1l fmadd1l
FPA fmaddl
FWA
FWL
Notes bc fmadd2 Floating-point
predicted stallsin1Q0 | compare (IC)
not-taken. because instructions
F1 is busy. synchronize between
FW and IC.
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Table 1-36. Conditional Loop Closure (Case 3)—Predict Not-Taken (Continued)

Pipeline Stage

Cycle Number

Unit Stage 7 8 9 10 11 12
Memory FA
CARB
CACC
Dispatch 1Q3
1Q2
Q1
1Q0
U ID Tagfmadd?2 Tagfmadd2 | Tagfmadd2 | Tagfmadd2 | Tagfmadd2 | Tagfmadd2
IE Tagpbr Tagpbr Tagpbr Tagpbr Tagpbr Tagpbr
IC Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu
IWA
IWL
FPSB
ISB
BPU BE
MR bc bc bc bc bc bc
BW
FPU F1 fmadd2 fmadd2 fmadd2
FD fcmpu fcmpu fcmpu fmadd2 fmadd2
FPM fcmpu fmadd2 fmadd2
FPA fmadd1l fcmpu fmadd2
FWA fmaddl fcmpu
FWL
Notes fcmpu stalls in FD
due to a data
dependency.
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Table 1-36. Conditional Loop Closure (Case 3)—Predict Not-Taken (Continued)

Pipeline Stage

Cycle Number

Unit Stage 13 14 15 16 17 18
Memory FA start:1
CARB fmaddi,
fcmpu,bc,
fmadd2
CACC fmaddl,
fcmpu,bc,
fmadd2
Dispatch 1Q3 fmadd2
1Q2 bc
1Q1 fcmpu fmadd2
1Q0 fmaddl fcmpu, fmadd2 fmadd2
Tagpbr
U ID Tagfmadd2
IE Tagpbr Tagfmaddl | Tagfcmpu, Tagpbr
Tagpbr
IC Tagfmaddl Tagfcmpu
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc bc
BW
FPU F1 fcmpu
FD fmaddl fmaddl fcmpu
FPM fmadd1l fmadd1l
FPA fmadd2 fmadd1l
FWA fmadd2
FWL
Notes CR information fmadd2is | bc State in fmadd2 Floating-point
is sent to the purged predicted | this cycleis | stallsin Q0 | compare (IC)
BPU; branch is from the not-taken. | thesameas | because F1 | instructions
resolved as FPU. in cycle 4 is busy. synchronize
predicted (12 cycle between FW
incorrectly. /loop). and IC.
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Table 1-36. Conditional Loop Closure (Case 3)—Predict Not-Taken (Continued)

Pipeline Stage

Cycle Number

Unit Stage 19 20 21 22 23 24
Memory FA
CARB
CACC
Dispatch 1Q3
1Q2
1Q1
1Q0
U ID Tagfmadd?2 Tagfmadd2 | Tagfmadd2 | Tagfmadd2 | Tagfmadd2 | Tagfmadd2
IE Tagpbr Tagpbr Tagpbr Tagpbr Tagpbr Tagpbr
IC Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu
IWA
IWL
FPSB
ISB
BPU BE
MR bc bc bc bc bc bc
BW
FPU F1 fmadd2 fmadd2 fmadd2
FD fcmpu fcmpu fcmpu fmadd2 fmadd2
FPM fcmpu fmadd2 fmadd2
FPA fmadd1l fcmpu fmadd2
FWA fmaddl fcmpu
FWL
Notes fcmpu stalls in
FD due to a data
dependency.
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Table 1-36. Conditional Loop Closure (Case 3)—Predict
Not-Taken (Continued)

Pipeline Stage

Cycle Number

Unit

Stage

25

26

27

Memory

FA

Dispatch

Tagfmadd?2

Tagpbr

Tagfmadd?2

Tagfmadd?2

IWA

IWL

FPSB

ISB

BPU

BE

MR

bc

BW

FPU

F1

FD

FPM

FPA

fmadd2

FWA

fmadd2

fmadd2

FWL

Notes

CR information is sent
to the BPU; branch is
resolved as predicted
correctly.

fmadd2 stalls
in FW waiting
for its tag to
clear IC.
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1.1.1.7.4 Conditional Loop Closure—Case 1
The tablesin this section show the timings for the following code sequence:

start: frmadds fl=(f2*f3)+f1
fcmpu cr3=f1,f5
bc start, cr3
exit: fmadds fl=(f2*f4)+f1
Table 1-37 shows the timing when the conditional branch is predicted as taken.
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Table 1-37. Conditional Loop Closure (Case 4)—Predict Taken

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5
Memory FA start:0 start:1
CARB fmaddsl fmadds1,
fcmpu,bc, fcmpu,bc,
fmadds2 fmadds2
CACC fmadds1, fmadds1,
fcmpu,bc, fecmpu,bc,
fmadds2 fmadds2
Dispatch 1Q3 fmadds2 fmadds2
1Q2 bc bc
1Q1 fcmpu fmadds2 fcmpu
1Q0 fmadds1 fcmpu, Tagpbr fmadds1
U ID
IE Tagfmadds1 Tagfcmpu, Tagpbr
IC Tagfmaddsl
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc
BW
FPU F1
FD fmaddsl fcmpu
FPM fmadds1
FPA
FWA
FWL
Notes bc predicted bc stalls because
taken. MR is busy; fcmpu
stalls in FD due to a
data dependency.
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Table 1-37. Conditional Loop Closure (Case 4)—Predict Taken (Continued)

Pipeline Stage

Cycle Number

Unit Stage 6 7 8 9 10
Memory FA
CARB
CACC
Dispatch 1Q3
1Q2 fmadds?2 fmadds2 fmadds2 fmadds2 fmadds2
Q1 bc bc bc bc bc
1Q0 fcmpu fcmpu fcmpu fcmpu Tagfcmpu
U ID Tagfmadds1 Tagfmaddsl | Tagfmaddsl | Tagfmaddsl | Tagfmaddsl
IE Tagpbr Tagpbr Tagpbr Tagpbr Tagpbr
IC Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu
IWA
IWL
FPSB
ISB
BPU BE
MR bc bc bc bc bc
BW
FPU F1 fmaddsl fmaddsl fmaddsl
FD fcmpu fcmpu fcmpu fmaddsl fcmpu
FPM fcmpu fmaddsl
FPA fmaddsl fcmpu
FWA fmaddsl
FWL
Notes Floating-point compare (IC)
instructions synchronize
between FW and IC.
fcmpu in 1QO stalls
because F1 is busy.
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Table 1-37. Conditional Loop Closure (Case 4)—Predict Taken (Continued)

Pipeline Stage Cycle Number
Unit Stage 11 12 13 14 15
Memory FA start:2
CARB fmadds1,
fcmpu,bc,
fmadds2
CACC fmadds1,
fcmpu,bc,
fmadds2
Dispatch 1Q3 fmadds?2
1Q2 fmadds2 Tagfmadds2 Tagfmadds2 bc
1Q1 bc bc bc fcmpu
1Q0 Tagfcmpu Tagfcmpu Tagfcmpu Tagfmadds?2 fmadds1
U ID Tagfmadds1 Tagfmadds1 Tagfcmpu Tagfmadds?2
IE Tagpbr Tagpbr Tagfmaddsl | Tagfcmpu, Tagpbr Tagpbr
IC Tagfcmpu Tagfmaddsl Tagfcmpu
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc bc
BW
FPU F1 fmadds2 fmadds2
FD fcmpu fcmpu fcmpu fmadds?2
FPM fempu fmadds2
FPA fmaddsl fcmpu
FWA fcmpu fmaddsl
FWL
Notes CRinformationis sent | bc predicted | Tagfmadd2 is fmadds2
to the BPU; branch is taken purged from the is purged
resolved as predicted pipeline. from the
correctly. FPU.
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Table 1-37. Conditional Loop Closure (Case 4)—Predict Taken (Continued)

Pipeline Stage

Cycle Number

Unit Stage 16 17 18 19 20
Memory FA Start:3
CARB fmadds1,
fcmpu,bc,
fmadds2
CACC fmadds1,
fcmpu,bc,
fmadds2
Dispatch 1Q3
1Q2 fmadds2 fmadds2 fmadds2 Tagfmadds2
1Q1 bc bc bc bc
1Q0 fcmpu Tagfcmpu Tagfcmpu Tagfcmpu Tagfmadds?2
U ID Tagfmaddsl | Tagfmaddsl Tagfmadds1 Tagfcmpu Tagfmadds?2
IE Tagpbr Tagpbr Tagpbr Tagfmadds1 Tagfcmpu,
Tagpbr
IC Tagfcmpu Tagfcmpu Tagfmadds1
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc bc
BW
FPU F1 fmadds2 fmadds2
FD fmadds1 fcmpu fcmpu fcmpu fcmpu
FPM fmaddsl
FPA fmaddsl
FWA fempu fmadds1
FWL
Notes CRinformation is sentto the | bc predicted
BPU; branch is resolved as taken
predicted correctly
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Table 1-37. Conditional Loop Closure (Case 4)—Predict Taken (Continued)

Pipeline Stage Cycle Number
Unit Stage 21 22 23 24 25
Memory FA Start:3
CARB fmadds1,
fcmpu,bc,
fmadds2
CACC
Dispatch 1Q2 fmadds2
1Q1 bc fmadds2 fmadds2 fmadds2 Tagfmadds?2
1Q0 fcmpu bc bc bc bc
U ID fmaddsl fcmpu Tagfcmpu Tagfcmpu Tagfcmpu
IE Tagfmadds1 Tagfmadds1 Tagfmadds1 Tagfcmpu
IC Tagpbr Tagpbr Tagpbr Tagpbr Tagfmadds1
IWA Tagfcmpu Tagfcmpu Tagfcmpu
IWL
FPSB
ISB
BPU BE
MR bc
BW bc bc bc bc bc
FPU F1
FD fmadds2
FPM fmadds2 fmaddsl fcmpu fcmpu fcmpu
FPA fempu fmadds1l
FWA fempu fmadds1
FWL fcmpu fmaddsl
Notes
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Table 1-37. Conditional Loop Closure (Case 4)—Predict Taken (Continued)

Pipeline Stage Cycle Number
Unit Stage 26 27 28 29 30
Memory FA Exit:
CARB fmadds2
CACC fmadds1,
fcmpu,bc,
fmadds2
Dispatch 1Q2 fmadds2 fmadds2 fmadds2
Q1 bc fmadds2 bc bc
1Q0 fcmpu bc Tagfcmpu Tagfcmpu
U ID Tagfmadds?2 fmadds1 fcmpu Tagfmadds1 Tagfmadds1
IE Tagfmadds?2 Tagfmadds1 Tagpbr Tagpbr
IC Tagfcmpu, Tagpbr Tagpbr Tagfcmpu
Tagpbr
IWA Tagfmadds1 Tagfcmpu Tagfcmpu
IWL
FPSB
ISB
BPU BE
MR bc bc
BW bc bc bc
FPU F1
FD fmadds2 fcmpu fcmpu
FPM fcmpu fmadds2 fmaddsl fmaddsl
FPA fcmpu fmaddsl
FWA fcmpu fcmpu
FwL
Notes CR information
is sent to the
BPU; branch is
resolved as
predicted
incorrectly.

I-76

PowerPC 601 RISC Microprocessor User's Manual




g |

Table 1-37. Conditional Loop Closure (Case 4)—Predict Taken (Continued)

Pipeline Stage

Cycle Number

Unit

Stage

31

32

33

34

35

Memory

FA

fmadds2

Dispatch

fmadds2

Tagfmadds?2

Tagfmadds?2

IWL

FPSB

ISB

BPU

BE

MR

BW

FPU

F1

fmadds2

FD

fcmpu

fmadds2

FPM

fmadds2

FPA

fmadds2

FWA

fmadds1

FWL

Notes

fmadds1, fcmpu,
and fmadds2 are
purged from the
FPU.
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Table 1-38 shows the timing when the conditional branch is predicted as not-taken.

Table I-38. Conditional Loop Closure (Case 4)—Predict Not-Taken

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5 6
Memory FA start:0
CARB fmadds1,
fcmpu,bc,
fmadds2
CACC fmadds1,
fcmpu,bc,
fmadds2
Dispatch 1Q3 fmadds2
1Q2 bc
1Q1 fcmpu fmadds2
1Q0 fmaddsl fcmpu, fmadds2
Tagpbr
U ID Tagfmadds?2
IE Tagfmadds1 Tagfcmpu, Tagpbr
Tagpbr
IC Tagfmadds1 Tagfcmpu
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
FPU F1 fmadds2
FD fmaddsl fcmpu fcmpu
FPM fmaddsl
FPA fmaddsl
FWA
FWL
Notes bc fcmpu stalls | Floating-point
predicted in FD due to compare (IC)
not-taken. a data instructions
dependency. | synchronize
between FW and IC.
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Table 1-38. Conditional Loop Closure (Case 4)—Predict Not-Taken (Continued)

Pipeline Stage

Cycle Number

Unit

Stage

9

10

11

Memory

FA

Dispatch

Tagfmadds?2

Tagfmadds?2

Tagfmadds?2

Tagfmadds?2

Tagfmadds?2

Tagpbr

Tagpbr

Tagpbr

Tagpbr

Tagpbr

Tagfcmpu

Tagfcmpu

Tagfcmpu

Tagfcmpu

Tagfcmpu

IWA

IWL

FPSB

ISB

BPU

BE

MR

bc

bc

bc

bc

bc

BW

FPU

F1

fmadds2

fmadds2

FD

fcmpu

fcmpu

fmadds2

FPM

fcmpu

fmadds2

FPA

fcmpu

fmadds2

FWA

fmaddsl

fcmpu

FWL

Notes
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Table 1-38. Conditional Loop Closure (Case 4)—Predict Not-Taken (Continued)

Pipeline Stage

Cycle Number

Unit Stage 12 13 14 15 16
Memory FA start:1
CARB fmadds1, fcmpu,bc,
fmadds2
CACC fmaddsi,
fcmpu,bc,
fmadds2
Dispatch 1Q3 fmadds2
1Q2 bc
1Q1 fcmpu fmadds2
1Q0 fmaddsl fcmpu, fmadds2
Tagpbr
U ID Tagfmadds?2
IE Tagpbr Tagfmadds1 Tagfcmpu,
Tagpbr
IC Tagfmadds1
IWA
IWL
FPSB
ISB
BPU BE bc
MR bc bc bc bc
BW
FPU F1
FD fmaddsl1 fcmpu
FPM fmaddsl
FPA
FWA fmadds2 fmadds2
FWL
Notes CR information is sent bc predicted fcmpu stalls in
to the BPU; branch is not-taken. FD due to a data
resolved as predicted dependency.
incorrectly.
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Table 1-38. Conditional Loop Closure (Case 4)—Predict Not-Taken (Continued)

Pipeline Stage Cycle Number
Unit Stage 17 18 19 20 21
Memory FA
CARB
CACC
Dispatch 1Q3
1Q2
Q1
1Q0
U ID Tagfmadds2 Tagfmadds2 | Tagfmadds2 | Tagfmadds2 | Tagfmadds2
IE Tagpbr Tagpbr Tagpbr Tagpbr Tagpbr
IC Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu Tagfcmpu
IWA
IWL
FPSB
ISB
BPU BE
MR bc bc bc bc bc
BW
FPU F1 fmadds2 fmadds2 fmadds2
FD fcmpu fcmpu fcmpu fmadds2
FPM fcmpu fmadds2
FPA fmaddsl fcmpu
FWA fmadds1
FWL
Notes Floating-point compare The state in
(IC) instructions this cycle is
synchronize between the same as
FW and IC. fcmpu in 1Q0 that of cycle 8
stalls because F1 is busy. (11 cycle/
loop).

Table -39 describes the conditional loop closure when timing is predicted as not-taken.
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Table 1-39. Conditional Loop Closure (Case 4)—Predict Not-Taken

(Continued)

Pipeline Stage

Cycle Number

Unit Stage

22

23

24

25

Memory FA

Dispatch 1Q3

Tagfmadds2

Tagfmadds2

Tagpbr

Tagpbr

Tagfmadds?2

Tagfcmpu

Tagfmadds?2

BPU BE

bc

bc

FPU F1

FD

FPM

FPA

fmadds2

FWA

fmadds2

FWL

fmadds2

fmadds2

Notes

CR information is sent to
the BPU; branch is
resolved as predicted
correctly.
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1.2 Integer Instruction Timing Examples

There are two groups of integer instructions, ALU instructions and |oad/store operations.
The ALU instruction timing examples are given in Sectionl.2.1, “ALU Instruction
Timings,” and the load/store timing examples are given in Section 1.2.2, “Load/Store
Instruction Timings.”

In many cases, the 601 has extra hardware to reduce or eliminate the number of stall cycles
between instructions with register dependencies. Most stalls can be avoided by reordering
the instructionsto place instructions without dependencies where astall cycle would occur.
The details of these scenarios are discussed in the following sections. Timing diagrams
illustrating the stall are shown along with examples showing how stall cycles can be
eliminated. Note that some stalls, such as those caused by a context-synchronizing
instruction, cannot be avoided by rescheduling code.

Some stalls are caused by hardware resource conflicts, such as when the cache has more
than one outstanding miss.

[.2.1 ALU Instruction Timings

ALU instructions can stall due to GPR and SPR dependencies and when thereis contention
for hardware resources, such as the cache.

[.2.1.1 GPR Data Dependencies

The most basic data dependency occurs when an instruction has an operand that isthe result
of the previousinstruction. Instructions flowing through the |U must completein order, and
ALU instructions always write back in order with respect to one another. That eliminates
write-after-read (WAR) and write-after-write (WAW) dependencies.

Special logic in the IU handles read-after-write (RAW) dependencies to prevent stalls due
to RAW dependencies. Table I-40 shows this scenario, using the following code sequence:

Start: add rl1l=r2,r3
subf r4=r5,r1
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Table I-40. Adjacent IU ALU Instructions with a GPR Dependency (RAW)

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4 5 6

Memory FA add, subf
CARB | add, subf
CACC add, subf
Dispatch Q1 subf
1Q0 add
1] ID add subf

IE add subf

IC add subf
IWA add subf

No stall cycles occur in this code sequence because a forward path brings the add results
directly from IE to ID in the same cycle, since the data does not reach the GPR for another
cycle (IWA). This example can be extended to any pair of arithmetic, shift/rotate, or logical
operations executed by the [U.

The following code sequence shows a similar scenario:

Start: add rl1l=r2,r3
oril r10=r11,r12
subf r4=r5,r1

The instruction in the IWA stage writes to a GPR being read by the instruction in the ID
stage without encountering stalls, because the register datais not read during the ID stage
until the instruction in the IWA stage writes its results. The timing for this sequence is
shown in Table I-41.
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Table 1-41. GPR Dependency (RAW) between First and Third ALU Operation

Pipeline Stage

Cycle Number

Unit

Stage

1

4

Memory

FA

add, oril,

subf

CARB

add, oril,

subf

CACC

add, oril,
subf

Dispatch

subf

oril

add

subf

add

oril

subf

add

oril

subf

add

oril

subf

add

oril

subf

A GPR dependency can also occur when an mfspr instruction isfollowed by an instruction
that is trying to use that GPR. Some SPRs can be read in a single cycle, while others take
several cycles, inwhich case, the lU pipeline stalls. Typically these stalls cannot be avoided
by rescheduling code. Timings for this scenario differ according to the register being
accessed, and are shown as follows.

The following code sequence is used for the four examples:
Start: nfspr r3=SPR
add r5=r4,r3

Table 1-42 shows timings for mfcr and mfspr for the following SPRs: XER, MQ, PIR,
DABR, EAR, RTCL, DEC, LR, CTR, and the BAT registers. Thereis GPR dependency, but
thereis no pipeline stall.
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Table I-42. mfspr Instruction Followed by a Dependent ALU Instruction (No Stall)

Pipeline Stage Cycle Number

Unit

Stage

3

4

Memory

FA

mfspr,
add

mfspr,
add

mfspr,add

Dispatch

add

mfspr

add

mfspr

add

mfspr

add

mfspr

add

mfspr

add

Table1-43 shows the timings for mfsr and mfsrin instructions and for the mfspr
instruction for SDR1. The stall cycle here is caused by a GPR dependency and can be

avoided by inserting a nondependent instruction between the mfspr and the add
instruction.

Table 1-43. mfspr Followed by a Dependent ALU Instruction (Avoidable Stall)

Pipeline Stage Cycle Number

Unit

Stage

4

Memory

FA

add

mfspr,

CARB

add

mfspr,

mfspr,add

Dispatch

add

mfspr

add

mfspr

add

mfspr

add

add

mfspr

add

mfspr

add

I-86

PowerPC 601 RISC Microprocessor User's Manual




Table1-44 shows how advantage can be taken of the stall by the placement of a
nondependent instruction (oril) between the mfspr and add instructions. Again, these
timings are the same for registers accessed in Table 1-43—mfsr, mfsrin, and mfspr for
SDRL1.

Table 1-44. mfspr Followed by a Dependent ALU Instruction Showing Code
Rescheduling

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5
Memory FA
CARB
CACC
Dispatch 1Q2 add
1Q1 oril add
1Q0 mfspr oril add
U ID mfspr oril add
IE mfspr oril add
IC mfspr oril add
IWA mfspr oril add
IWL
FPSB
ISB

Table 1-45 shows the timing for the mfmsr and mfspr instructions for the following
SPRs—SPRGn, DSISR, DAR, HIDO-HID2, RTCU, SRRO, SRR1, and PVR. For mfmsr,
5,nis0; for PVR, nis5; and for the other SPRs, nis 2.

Appendix I. Instruction Timing Examples 1-87



Table I-45. mfspr Followed by a Dependent ALU Instruction (Multicycle Stall)

Pipeline Stage

Cycle Number

Unit

Stage

1

3

4

5-(5+n)

Memory

FA

mfspr, add

mfspr, add

mfspr,add

Dispatch

add

mfspr

add

add

mfspr

add

add

mfspr

mfspr

add

add

mfspr

add

mfspr

mfspr

add

[.2.1.2 Condition Register (CR) Dependencies

In general, instructions can read and write the CR without causing U pipeline stalls.
Examples of common sequencesthat do not cause pipeline stallsare shown in thefollowing
examples.

Table 1-46 shows an ALU instruction with the record option followed by a CR logical
instruction, using the following code sequence:

add.
crnand crl=cr2,

Note that despite the dependency on the CR, thereis no stall.

Start: r5=r6 + x'3’

crO.
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Table I-46. ALU Instruction with CR Update Followed by a CR Logical Instruction

Pipeline Stage

Cycle Number

Unit

Stage

2

3

Memory

FA

Dispatch

crnand

add.

crnand

add.

crnand

add.

crnand

add.

crnand

add.

crnand

Table 1-47 shows the timing for a CR logical instruction followed by another CR logical
instruction, using the following code sequence:

Start: crand cr28=cr3, cr4

cror crl=cr?28,

cr2

Note that despite the dependency on the CR, thereis no stall.

Table I-47. Consecutive CR Logical Instructions

Pipeline Stage

Cycle Number

Unit

Stage

2

3

Memory

FA

Dispatch

cror

crand

cror

crand

cror

crand

cror

crand

cror

crand

cror
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Table 1-48 shows the timing for a mtcrf instruction followed by a CR logical instruction,
using the following code sequence:

Start: ntcrf CR=x'ff', rb5
crand cr20=cr30, crl0

Note that despite the dependency on the CR, thereis no stall.

Table 1-48. mtcrf Instruction Followed by a CR Logical Instruction

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4

Memory FA
CARB
CACC

Dispatch 1Q1 crand

1Q0 mtcrf crand

U ID mtcrf crand

IE mtcrf crand

IC mtcrf crand

IWA mtcrf crand

Table 1-49 shows the timing for a mcrf instruction followed by a CR logical instruction,
using the following code sequence:

Start: ncrf CR8:11] =CR[ 0: 3]
crxor crl15=cr9, crl0

Note that despite the dependency on the CR, thereis no stall.
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Table I-49. mcrf Instruction Followed by a CR Logical Instruction

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4

Memory FA

Dispatch 1Q1 crxor

1Q0 mcrf crxor

U ID mcrf crxor

IE mcrf crxor

IC mcrf crxor

IWA mcrf crxor

Table I-50 showsthetiming for two consecutive AL U instructionsthat update the CR, using
the following code sequence:

Start: add. rl=r2 + r3
subf. r4=r5 - r6
Note that despite the dependency on the CR, thereis no stall.
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Table I-50. Consecutive ALU Instructions that Update the CR

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4

Memory FA

Dispatch 1Q1 subf.
1Q0 add. subf.
U ID add. subf.

IE add. subf.

IC add. subf.
IWA add. subf.

Table 1-51 shows the timing for aMove XER to CR (mcrxr) instruction followed by a CR
logical instruction, using the following code sequence:

Start: ncrxr CR[8:11] =XER[ 0: 3]
crand cr15=cr9, crl10
Note that despite the dependency on the CR, thereis no stall.

Table I-51. mcrxr Instruction Followed by a CR Logical Instruction

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4

Memory FA

Dispatch 101 crand

1Q0 mcrxr crand

U ID mcrxr crand

IE mcrxr crand

IC mcrxr crand

IWA mcrxr crand
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However, some instruction sequences generate stalls in the pipeline due to a read-after-
write dependency on the CR.

mcrf is the only instruction that reads the CR from the ID stage. An mcrf instruction that
immediately follows any instruction that updatesthe CR stallsin the ID stage for one cycle.
A nondependent instruction can be scheduled in between the instruction that writesthe CR
and the mcrf to allow the IU processor to do useful work during the cycle that the mcrf
would be held in ID. The following examples show both the stall and how the stall can be
eliminated with proper code scheduling.

Table 1-52 shows the mcrf instruction stalling for one cycle when it follows and ALU
instruction that updates the CR. The code sequence for this exampleis as follows:

Start: add. r5=r6 + x'1'
ncrf CR[8:11], CR 12:15]
Table 1-52. ALU Instruction Updating the CR Followed by an mcrf Instruction

Cycle

Pipeline Stage Number

Unit Stage 1 2 3 4 5

Memory FA

Dispatch

mcrf

add.

mcrf

mcrf

add.

mcrf

mcrf

add.

mcrf

add.

mcrf

add.

mcrf

Table 1-53 shows how the throughput is improved by inserting a nondependent instruction
(ori) between the add. instruction and the mcr f instruction, and eliminating the stall in the
pipeline. The code sequence for this exampleis as follows:

Start: add. r5=r6 + x'1'
oril r7=r5, x'O00ff"'
ncrf CR[8:11], CR 12:15]
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Table 1-53. Scheduling Code to Eliminate a Stall between an ALU Instruction
Updating the CR and an mcrf Instruction

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5
Memory FA
CARB
CACC
Dispatch 1Q2 mcrf
1Q1 oril mcrf
1Q0 add. oril mcrf
U ID add. oril mcrf
IE add. oril mcrf
IC add. oril mcrf
IWA add. oril mcrf
IWL
FPSB
ISB

The stwex. instruction updates the CR from the IWA stage—which causes pipeline stallsif
the next instruction needs to read the CR. The stwcx. instruction timing depends upon the
state of the reservation bit when the stwcex. instruction enters IWA. If the reservation is
cleared, the stwcx. instruction spends one cycle in IWA and IE is held one cycle. If the
reservation is set, the stwex. instruction spends two cyclesin IWA causing | E to be held for
two cycles. These pipeline stalls cannot be avoided. If the stwcx. instruction is followed by
an mcrf instruction, an additional stall cycleis generated which, however, can befilled with
a nondependent instruction.

The following examples show timings for the stwex. instruction.

Table 1-54 and Table [-55 show the timing for when an stwcex. instruction isfollowed by an
ALU instruction and thereservation is set and cleared respectively. These two examples use
the following code sequence:

Start: stwex. r5, r6, r7
addic r8=r8 + x' 1’

Table I-54 shows the timing for an stwcx. instruction followed by an ALU instruction when
the reservation bit has been cleared. Note that in this example, the stall of the add
instruction in the |E stage is a function of the way the stwcx. instruction is implemented.
Any instruction that follows an stwcx. stallsfor one cycle in |E even though the stwcx. has
left the pipeline.
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Table 1-54. stwcx. Followed by an ALU Instruction (Reservation Cleared)

Pipeline Stage Cycle Number

Unit

Stage

2 3

Memory

FA

stwecex.

stwcx.

Dispatch

addic

stwcex.

addic

stwcx.

addic

stwcx. addic

addic

stwcx.

addic

stwcex.

addic

Table 1-55 showsthe timing for an stwcx. instruction followed by an ALU instruction when
the reservation bit has been set.

Table 1-55. stwcx. Instruction Followed by an ALU Instruction (Reservation Set)

Pipeline Stage

Cycle Number

Unit Stage

3 4

Memory FA

Dispatch

addic

stwecex.

addic

stwcx.

addic

stwcx.

addic addic

addic

stwecex.

addic

stwcx.

stwcex.

addic

Table 1-56 and Table I-57 show the timings when an mcrf instruction follows an stwcx.
instruction when the reservation bit has been cleared and set respectively.
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Start: stwex. r5, r6, r7
ncrf CR[8:11], CR12:15]

Table 1-56. stwcx. Followed by an mcrf Instruction (Reservation Cleared)

Pipeline Stage Cycle Number

Unit

Stage

4

Memory

FA

Dispatch

mcrf

stwcex.

mcrf

stwcx.

mcrf

mcrf

mcrf

mcrf

stwcx.

mcrf

stwcx.

mcrf

stwcex.

stwcex.

mcrf

The stall of the add instruction in the | E stage isafunction of how the stwcx. instruction is
implemented. Any instruction that follows an stwex. stalls for two cyclesin the IE stage
when the reservation is set for the stwex. instruction. Themcerf isheld in ID becauseit has
a CR dependency on the stwcx.

Table I-57. stwcx. Instruction Followed by an mcrf Instruction (Reservation Set)

Pipeline Stage Cycle Number

Unit

Stage

3 4

Memory

FA

Dispatch

mcrf

stwecex.

mcrf

stwcx.

mcrf

mcrf mcrf

stwcx.

mcrf

stwcx.

mcrf

stwcx.

mcrf
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1.2.1.3 XER Dependencies

Four instructions implemented in the 601 (Iscbx, Iswx, stswx, and mcrxr) read the XER
from the ID stage, and, as a result, can stall in the ID stage for a cycle when they
immediately follow an instruction that updates the XER. Unlike the CR, the XER
dependency is checked on the entire register and not on afield-by-field basis.

The XER is updated by arithmetic instructionsin which the OE bit is set, by arithmetic and
shift operations that set the CA bit, by the Iscbx and mcrxr instructions, and by an mtspr
instructions that specify the XER. Code scheduling can effectively eliminate the stall cycle
by moving a nondependent instruction into the stall position. The sequences shown below
do not generate a stall.

Table 1-58 showsan AL U instruction that updates the XER followed by an ALU instruction
that reads the XER, using the following code sequence:

addic rl=r2 + x' 1’

addrme r4=r5 + XER[CA] - 1

Note that despite the dependency on the CA bit of the XER, thereis no stall.

Table I-58. addic Instruction Followed by an addme Instruction

Start:

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4

Memory FA
CARB
CACC

Dispatch

1Q1

addme

1Q0

addic

addme

addic

addme

addic

addme

addic

addme

addic

addme

Table 1-59 shows the timing when a shift instruction that updates the XER is followed by

an ALU instruction that reads the XER, using the following code sequence:
Start: srawrl=r2, r3
addze r4=r5 + XER[ CA]

Note that despite the dependency on the CA bit of the XER, thereis no stall.
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Table 1-59. sraw Instruction Followed by an addze Instruction

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4

Memory FA

Dispatch 1Q1 addze

1Q0 sraw addze

U ID sraw addze

IE sraw addze

IC sraw addze

IWA sraw addze

Table I-60 showsthe timing for ashift instruction that updates the XER followed by amove
from XER instruction, using the following code sequence:

Start: srawrl =r2, r3
nfspr r4=XER
Note that despite the dependency on the CA bit of the XER, thereis no stall.

Table I-60. sraw Instruction Followed by an mfxer Instruction

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4

Memory FA

Dispatch 101 mfspr

1Q0 sraw mfspr

U ID sraw mfspr

IE sraw mfspr

IC sraw mfspr

IWA sraw mfspr
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The firgt, third, and fifth code sequences below generate a stall cycle. The second, fourth,
and sixth code sequences below demonstrate how an instruction can be moved into the stall
slot to prevent adead cycle.

Table 1-61 shows the stall that occurs when timing for an ALU instruction that updates the
XER followed by aload string instruction. The following code sequence is shown:
Start: addic r4=r4 + x' 1

swx r28, r5, r6

Note that because of the dependency on the CA bit of the XER, the Iswx instruction stalls
for one cycleinthe ID stage.

Table I-61. addic Instruction Followed by a Iswx Instruction

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5-5+(n-2) 6 + (n-2) 7+ (n-2)
Memory FA
CARB Iswx Iswx
CACC Iswx Iswx
Dispatch 101 Iswx
1Q0 addic Iswx
1] ID addic Iswx Iswx
IE addic Iswx Iswx
IC addic Iswx Iswx
IWA addic
IWL Iswx Iswx
FPSB
ISB
Notes nis the
number of
registersto be
loaded.

Table 1-62 shows the timing how stall is avoided in the previous example by inserting a
nondependent instruction (oril) between the ALU instruction that updates the XER and the
load string instruction. The following code exampleis used:

Start: addic r4=r4+x’ 1’
oril r10=r11, r12
lswx r28, r5, r6

Notethat the oril instruction executes during the cycle where thelswx would stall whilethe
XER(CA) is being updated.
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Table 1-62. Avoiding the Stall between an addic Instruction and an Iswx Instruction

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4 5 6 7

Memory FA

CARB Iswx Iswx

CACC Iswx Iswx

Dispatch 1Q2 Iswx

1Q1 oril Iswx

1Q0 addic oril Iswx

U ID addic oril Iswx

IE addic oril Iswx? Iswx

IC addic oril Iswx

IWA addic oril

IWL Iswx Iswx

a. The XER byte count value is assumed to be 8 (two registers of data). The operand is
assumed to be aligned.

Table 1-63 shows the mcrxr instruction stalling in the ID stage for one cycle because of a
dependency on the OV and SO bits of the XER, which are set by the previous mulo
instruction. The following code sequence is used:

Start: mulo rl=r2 * r3

ncrxr CR[ 8:11] =XER[ 0: 3]
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Table I-63. mulo Instruction Followed by an mcrxr Instruction

Pipeline Stage Cycle Number

Unit Stage 1 2-6 7 8 9

Memory FA

Dispatch 1Q1 mcrxr

1Q0 mulo mcrxr

U ID mulo mcrxr mcrxr

IE mulo mcrxr

IC mulo mcrxr
IWA mulo

mcrxr

Notes It is assumed that the rB
operand requires only five
cycles in IE.

The timing example in Table I-64 shows how the stall shown in the previous example is
avoided by scheduling a nondependent instruction (oril) between the mulo and mcrxr
instructions. The following code sequence is shown:

Start: mulo rl=r2 * r3
oril r10=r11, r1i2
ncrxr CR[ 8: 11] =XER] 0: 3]
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Table 1-64. Eliminating the Stall between an mulo and an mcrxr Instruction

Pipeline Stage Cycle Number
Unit Stage 1 2-6 7 8 9
Memory FA
CARB
CACC
Dispatch 1Q2 mcrxr
1Q1 oril mcrxr
1Q0 mulo oril mcrxr
U ID mulo oril mcrxr
IE mulo oril mcrxr
IC mulo oril mcrxr
IWA mulo oril mcrxr
IWL
FPSB
ISB
Notes It is assumed that the RB
operand requires only 5
cycles in IE.

Table 1-65 showsthe stall that occurswhen aMoveto XER instructionisfollowed by aload
string instruction. Dependency on the byte count field of the XER causes the |swx
instruction to stall for one cycle in the ID stage. The following code sequence is shown:

Start: ntspr XER=r5

lswx r4, r5, r6
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Table I-65. mtxer Instruction Followed by an Iswx Instruction

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5-5+(n-2) 6 + (n-2) 7+ (n-2)
Memory FA
CARB Iswx Iswx
CACC Iswx Iswx
1.552" Q1 Iswx
1Q0 mfspr Iswx
U ID mfspr Iswx Iswx
IE mfspr Iswx Iswx
IC mfspr Iswx Iswx
IWA mfspr
IwWL Iswx Iswx
FPSB
ISB
Notes n is the number
of registers to
be loaded

Table1-66 shows how the stall in the previous example is eliminated by scheduling a
nondependent instruction (oril) between the mtspr and Iswx instructions.

The following code sequence is shown:

Start:

n spr
oril

| swx r4,

XER=r 5
r10=r11,

rs,

ri2
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Table 1-66. Eliminating the Stall between an mtxer and an Iswx Instruction

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA
CARB Iswx Iswx
CACC Iswx Iswx
Dispatch 1Q2 Iswx
Q1 oril Iswx
1Q0 mfspr oril Iswx
U ID mfspr oril Iswx
IE mfspr oril Iswx 1 Iswx
IC mfspr oril Iswx Iswx
IWA mfspr oril
IWL Iswx Iswx
FPSB
ISB
Notes 1The XER byte
count value is
assumed to be 8 (2
registers worth of
data). The
operand is
assumed to be
aligned.

1.2.1.4 MQ Dependencies

The MQ register iswritten and read by certain multiply, divide, and shift instructions. There
are no stall cycles associated with reading or writing this register for any code sequence.
Two examples are given below.

Table I-67 shows the timing for a Move to MQ instruction followed by an instruction that
reads the MQ. The following code sequence is shown:
Start: ntspr MXEr5

mul r6=r7 * r8
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Table I1-67. Move to MQ Followed by an mul Instruction

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4-7 8

Memory FA

Dispatch 1Q1 mul

1Q0 mtspr mul

U ID mtspr mul

IE mtspr mul mul

IC mtspr mul

IWA mtspr mul

Notes It is assumed that the
RB operand requires
only five cycles in the
IE stage.

Table 1-68 showsthetiming for aninstruction that writesthe MQ followed by aninstruction
that reads the MQ. Note that despite the dependency on MQ, thereisno stall.

The following code sequence is shown:

Start: slqr5, r6, 4
slligr?7, r8, 4
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Table 1-68. Consecutive Shift Left with MQ Instructions

Pipeline Stage

Cycle Number

Unit

Stage

2

3

Memory

FA

Dispatch

sllig

slq

slliq

slq

slliq

slq

sllig

siq

slliq

slq

slliq

1.2.1.5 Other Register Dependencies on ALU Instructions

Timings to access the other SPRs than those discussed above depends on the SPR being
referenced. However, there is only one scenario involving other SPRs where code can be
scheduled to improve performance. For some SPRs that are implemented in the sequencer,
the mtspr instruction runs on the sequencer, while the IU is running subsequent
instructions. The mtspr accesses to SRR0O, SRR1, DSISR, DAR, SPRGn, and RTCU
execute in parallel with subsequent 1U instructions, and therefore cause atwo-cycle stall in
the subsequent instruction if the subsequent instruction requires the sequencer.

However, if the subsequent instruction wants to use the sequencer, (mfspr (SRRO, SRR1,
DSISR, DAR, SPRGn, RTCU, HIDO, HID1, HID2, PVR), mfmsr, clcs, sc, isync, tibie, and
rfi) it must wait until the sequencer finishes processing the mtspr instruction. The
following operations on the 601 use the sequencer and are subject to the two-cycle stall
described above—mtspr (SRRO, SRR1, DSISR, DAR, SPRGn, RTCU, HIDO, HID1,
HID2), mtmsr.

There is potentially an additional two-cycle stall for this sequencer dependency. Code
scheduling can be used to move nondependent operations into the two stall cycles.
Instruction sequencesillustrating this behavior are shown below.

Table I-69 shows amtspr instruction that requires the use of the sequencer followed by an
instruction that has no dependency and therefore, no stall.

The following code sequence is shown:
Start: ntspr SRRO=r5
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Table 1-69. Move to SPR Followed by ALU Instruction

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4 5

Memory FA

Dispatch 1Q1 add
1Q0 mfspr add add
U ID mfspr add add

IE mfspr mfspr add

IC mfspr add
IWA mfspr add

Table I-70 shows the timing for an mtspr instruction that requires the sequencer. In this
example, the second instruction stalls in IE for three cycles because there is a hardware
resource dependency.

The following code sequence is shown:

Start: ntspr SRRO=r5
rfi
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Table 1-70. mtspr Instruction Followed by an rfi Instruction

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4 5-6 7-8 9-21
Memory FA

Dispatch 1Q1 rfi

1Q0 mfspr rfi rfi

U ID mfspr rfi rfi

IE mfspr mfspr rfi rfi rfi

IC mfspr rfi rfi

IWA mfspr rfi rfi

Notes 13 cycles

in IWA

The mtmsr instruction and mtspr accessto HIDO, HID1, HID2 instructions are all context
synchronizing; executing one of these instructions causes all following instructions in the
pipeline to be purged and refetched.In addition to the length of time it takes the mtmsr
instruction to execute, three cycles are required to refetch the next instruction and have it
progressto |IE. Table I-71 shows the timing for the following code sequence:

Start: ntmsr nmer=r5

add rl1=r2 + r3
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Table I-71. mtmsr Instruction Followed by Any Instruction

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4-16 17 -18 19 20
Memory FA
CARB
CACC
Dispatch Q1 add
1Q0 mtmsr add add
U ID mtmsr add add add
IE mtmsr mtmsr add add
IC mtmsr
IWA mtmsr
IWL
FPSB
ISB
Notes Shown for | add and any
FPSCR instructions
(FEX) =0. |inthe
Additional | pipeline are
four-cycle | purged &
delay for refetched.
FEX =1.

The segment registers can be written by consecutive instructions; the adjacent mtsr (or
mtsrin) instructions flow through the pipeline without any stalls in between them.
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Table |-72 shows the timing for two consecutive mtsr instructions, using the following

code sequence:
Start: ntsr SE&Q=r3
m sr SEG3=r4

Table I-72. Consecutive mtsr Instructions

Pipeline Stage

Cycle Number

Unit

Stage

2

3

Memory

FA

CARB

CACC

Dispatch

1Q1

mtsr 2

1Q0

mtsr 1

mtsr 2

mtsr 1

mtsr 2

mtsr 1

mtsr 2

mtsr 1

mtsr 2

mtsr 1

mtsr 2
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1.2.2 Load/Store Instruction Timings

L oads and stores have different timing characteristics than other U instructions—primarily
because there is an additional stage in the pipeline for accessing the cache. The following
sections describe the interaction of loads and stores with other instructions as they flow
through the pipeline.

1.2.2.1 Load Target Dependencies

L oad instructions write a GPR with datafrom memory. Instructionsthat follow the load and
refer to the load target GPR stall in the | E stage until the GPR datais available. If the load
hits in the cache and the dependent instruction immediately follows the load, the U
pipeline stalls for one cycle. This cycle can be eliminated by scheduling a nondependent
instruction between the load and the dependent operation. If the instruction following the
load is not dependent upon the load target, the instruction does not stall in the execute stage.

If the load misses in the cache, several 1U instructions may execute before the load target
data is available. In this case, each subsequent instruction is checked for a register
dependency with a previous load target and held in the |E stage if a dependency exists.

1.2.2.1.1 Load Instructions Followed by an Independent Operation Body

The following code sequence shows a load instruction followed by a nondependent
instruction. The instruction timing for this example in Table I-73 shows how no stall is
encountered because there is no register dependency:

Start: lwz r5=MEM X' 4' (r6)]
add r7=r7 + r8
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Table I-73. Load Followed by an ALU Instruction with No Register Dependency

Pipel

ine Stage

Cycle Number

Unit

Stage

2 3 4

Memory

lwz

lwz

Dispatch

add

lwz

add

lwz

add

lwz add

lwz add

add

lwz

1.2.2.1.2 Load Instruction Followed by a Dependent Operation
Table I-74 shows the one-cycle stall that occurs when aload instruction is followed by a

dependent instruction.

Start: lwz r5=MEM X' 4' (r6)]
add r5=r5 + r8
In this example the add instruction is dependent on the load target. The add stalls 1 cycle

in the | E stage.
Table I-74. Load Followed by an ALU Instruction with a Register
Dependency
Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5
Memory FA
CARB lwz
CACC lwz
Dispatch 1Q1 add
1Q0 lwz add
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Table I-74. Load Followed by an ALU Instruction with a Register
Dependency (Continued)

Pipeline Stage Cycle Number

U ID lwz add

IE lwz add add

IC lwz add
add

IWA

IWL lwz

FPSB

ISB

1.2.2.1.3 Load Instruction Followed by a Dependent Operation with an
Intervening Independent Instruction

Table 1-75 shows how scheduling a nondependent instruction between the load and a

dependent instruction eliminates the one-cycle stall illustrated in the previous example.

Start: |lwz r5=MEM X' 4' (r6)]

subf MEM x’ 10’ (r11)]=r10

add r5=r5 + x'1'
In this example, the addic instruction is dependent on the load target; however, the datais
available for the addic at the start of the |E stage.

Table I-75. Avoiding a Stall in the Pipeline on a Dependent ALU from a Load

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5
Memory FA
CARB lwz
CACC Iwz
Dispatch 1Q2 add
1Q1 subf add
1Q0 Ilwz subf add
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Table I-75. Avoiding a Stall in the Pipeline on a Dependent ALU from a Load

Pipeline Stage

Cycle Number

lwz

subf

add

lwz

subf

add

lwz

subf

add

IWA

subf

add

IWL

lwz

FPSB

ISB

1.2.2.1.4 Consecutive Load Instructions without Register Dependencies

Table |-76 shows that no stall occurs when aload instruction is followed by another load
instruction that does not have data dependencies. The following code sequence is used:

lwz r3=MEM r4 + r5]
lwz r8=MEM r9, r10]

In this example the second lwz instruction (Iwz 2) needs the data sent to the target register
by lwz 1, but it is not available in cycle three, when lwz 2 is ready for it. Therefore, the
second lwz instruction stalls for one cycle in the | E stage until the target data is available.

Start:

Table I-76. Consecutive Load Instructions with No Register Dependencies

Pipeline Stage Cycle Number

Unit

Stage

3

Memory

lwz 1

lwz 2

lwz 1

lwz 2

Dispatch

lwz 2

lwz 1

lwz 2

lwz 1

lwz 2

lwz 1

lwz 2

lwz 1

lwz 2

IWA

IWL

lwz 1

lwz 2

FPSB

ISB

1.2.2.1.5 Consecutive Load Instructions with a Dependency
Table|-77 shows stall occurring when a load instruction has a dependency on the
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immediately previous load instruction. The following code sequence is used:
Start: lwz r5=MEM X' 10" (r6)]
wz r6=MEM x0' (r5)]
Note that in this example, the second Iwz instruction stallsin the | E stage for an extracycle
(cycle 4).
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Table I-77. Load Instruction Followed by a Dependent Load Instruction

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4 5 6

Memory FA

CARB lwz 1 lwz 2 lwz 2

CACC lwz 1 lwz 2

Dispatch Q1 lwz 2

1Q0 lwz 1 lwz 2

U ID lwz 1 lwz 2

IE lwz 1 lwz 2 lwz 2

IC lwz 1 lwz 2

IWL lwz 1 lwz 2

The following code sequence shows how the stall encountered in the previous example can
be eliminated by scheduling a nondependent instruction (ori) before the second, dependent
load instruction with an intervening independent instruction.

Start: lwz r5=MEM X' 10" (r6)]
oril rO=r1, r1
lwz r5=MEM x' 0' (r5)]

Table 1-78 shows the instruction timing for this code sequence. Note that because the ori
instruction
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Table I-78. Avoiding a Pipeline Stall from Two Loads with an rD Dependency

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6
Memory FA
CARB lwz 1 lwz 2
CACC lwz 1 lwz 2
Dispatch 1Q2 lwz 2
Q1 oril lwz 2
1Q0 lwz 1 oril lwz 2
U ID lwz 1 oril lwz 2
IE lwz 1 oril lwz 2
IC lwz 1 oril lwz 2
IWA oril
IwL lwz 1 lwz 2
FPSB
ISB

Load multiple and load string instructions write one GPR at atime. Therefore a subsequent
dependent operation does not have to wait for acycle for the load datato become available
unless it is dependent upon the last register to be written by the load. The sample code
sequences is shown below.

The following code sequence illustrates a load multiple instruction followed by an
instruction with a dependency on something other than GPR3L1.:

Start: Ilmwv r29, x 0 (r3)
add r30=r30 + x’ 0001’

The timing for this example is shown in Table I-79. Note that in this example, the add is
staled in the ID stage while the Imw instruction is in the |E stage. Because there is only
one execute unit, the add instruction must wait until the Imw instruction completes. In this
example, the add instruction also is given a register dependency on the Imw instruction;
however, because it is not the last register loaded by the Imw instruction, the data is
available for the add in time to prevent a pipeline stall.

Appendix I. Instruction Timing Examples I-117



g |

Table I-79. Load Multiple Instruction Followed by an ALU Instruction with a
Dependency on a Register Besides GPR31

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6
Memory FA
CARB Imw Imw Imw
CACC Imw Imw Imw
Dispatch Q1 add
1Q0 Imw add
1] ID Imw add add add
IE Imw Imw Imw add
IC Imw Imw Imw add
IWA add
IWL Imw Imw Imw
FPSB
ISB

In the following code sequence, a load multiple instruction is followed by an instruction
with a dependency on register 31.

Start: Imwvr29, x' 0 (r3)
add r31=r31 + x’ 0001’

Table 1-80 showstheinstruction timing for thisexample. Note that theadd instruction stalls
for two cyclesin the ID stage because the | E stageis busy and stallsfor one cycleinthe lE
stage because of the GPR dependency.
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Table 1-80. Load Multiple Instruction Followed by an ALU Instruction with a Register
Dependency on GPR31

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5,6 7 8
Memory FA
CARB Imw Imw Imw
CACC Imw Imw Imw
Dispatch 1Q1 add
1Q0 Imw add
1) ID Imw add add add
IE Imw Imw Imw add add
IC Imw Imw Imw add
IWA add
IWL Imw Imw Imw
FPSB
ISB
Notes add stalls because IE is busy. add stalls due to a
dependency on
GPR31.

1.2.3 Store Source Dependencies

Store instructions do not write the register file like loads do, so subsequent instructions do
not have register hazards with a store. A subsequent instruction will not stall behind a store

because of aregister hazard.

An interesting code sequence is shown below; a store immediately follows an ALU
instruction (add) and writesthe ALU result to memory. Thereisno stall in the pipeline for

this code sequence.

The following code sequence shows an ALU instruction followed by a dependent store:

Start:

add r6=r6 + x'1'
stw MEMK' 4' (r3)=r6
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Table 1-81 shows the instruction timing for this example. Note that despite the fact that the
stw instruction is dependent on the result of the add instruction, thereisno stall.

Table I-81. ALU Instruction Followed by a Store Instruction Containing a
Dependency on the ALU Target

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4

Memory FA

CARB stw

CACC stw

Dispatch 1Q1 stw

1Q0 add stw

U ID add stw

IE add stw

IC add stw

IWA add

Stores may occur back-to-back without any pipeline stalls. An example is shown in the
following code sequence:

Start: stw MEM Xx'0'(r2)]=r1l
stw MEM x" 0" (r3)]=r2

Table 1-82 showstheinstruction timing for thisexample. Note that in this example there are
no register dependencies and therefore there are no stalls.
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Table 1-82. Two Stores with No Register Dependencies

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4
Memory FA
CARB stw 1 stw 2
CACC stw 1 stw 2
Dispatch 1Q1 stw 2
1Q0 stw 1 stw 2
U 1D stw 1 stw 2
IE stw 1 stw 2
IC stw 1 stw 2
IWA stw 1 stw 2
IWL
FPSB
ISB

1.2.3.1 Load and Store Operations that Use the Update Option

Load and store operations that use the update option have timings similar to both ALU
instructions and regular load and store operations. Update form loads/stores write the
addressing register (rA) with the effective address; however because of feed-forwarding,
no pipeline stalls occur when an instruction that immediately follows needs to use rA.
There is aone-cycle stall for instructions that immediately follow a load and use the load
target data, just asfor regular loads.

The following code sequence shows a load with update instruction followed by an
operation that is dependent on update register:
Start: lwzu rl1=MEM T2, r3]

add r4=r2, r0

Table 1-83 shows the instruction timing for this code sequence. Note that although thereis
a dependency on the GPR, thereis no stall.
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Table 1-83. Load with Update Followed by an ALU Dependent on the Load rA

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4

Memory FA

CARB lwzu

CACC lwzu

Dispatch 1Q1 add

1Q0 lwzu add

U ID lwzu add

IE lwzu add

IC lwzu add

IWA lwzu add

IWL lwzu

The following code sequence shows consecutive store with update (stwu) instructions. In
this example, the second instruction is dependent on the update register:

Start: stwu MEM X' 0" (r6)]=r2
stwu MEM X' 0' (r6)]=r4

Table 1-84 shows the instruction timing for this example. Note that although thereisa GPR
dependency, thereis no stall.
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Table I-84. Consecutive Store with Update Instruction with a Dependency on the
Updated Register from the First Store Instruction

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4
Memory FA
CARB stwu 1 stwu 2
CACC stwu 1 stwu 2
Dispatch 1Q1 stwu 2
1Q0 stwu 1 stwu 2
U 1D stwu 1 stwu 2
IE stwu 1 stwu 2
IC stwu 1 stwu 2
IWA stwu 1 stwu 2
IWL
FPSB
ISB

The following code sequence shows a store with update instruction (stwo) followed by an
instruction that is dependent on the update register:

Start: stwu MEMr2, r3]=r1l

add r4=r2 + r4

Table I-85 shows the instruction timing for this example. Note that despite the dependency

on the GPR, thereisno stall.

Table 1-85. Store with Update Followed by an ALU Instruction with a Dependency on

the Updated Register from the Store

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4
Memory FA
CARB stwu
CACC stwu
Dispatch 1Q1 add
1Q0 stwu add
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Table I-85. Store with Update Followed by an ALU Instruction with a Dependency on

the Updated Register from the Store (Continued)

Pipeline Stage Cycle Number
U ID stwu add
IE stwu add
IC stwu add
IWA stwu add
IWL
FPSB
ISB

The following code sequence illustrates a load with update instruction followed by an
operation that is dependent on load target register):

[wux r1=MEM 2, r3]
xor. r10=rl, r6

Table1-86 shows the instruction timing for this example. Note that because of the
dependency on the GPR that is the target of the lwux instruction, the xor. instruction stalls
for one cyclein the |E stage.

Start:

Table 1-86. Load with Update Followed by an ALU Operation with a GPR Hazard on
Load Target

Pipeline Stage Cycle Number

Unit

Stage

3

Memory

FA

lwux

lwux

Dispatch

Xor.

lwux

Xor.

lwux

Xor.

lwux

Xor.

Xor.

lwux

Xor.

lwux

Xor.

lwux
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[.2.3.2 Load/Store Collisions

Load or store operations that access the same memory location (and hit in the cache) can
be next to each other in program order and not cause a pipeline stall or have any additional
latency.

The following code sequence shows aload instruction followed by a store instruction using
the same address:
Start: lwz rl1=MEM x' Q' (r2)]

stw MEM x'0' (r2)]=r6
Table 1-87 shows the instruction timing for this example. Note that athough both
instructions use the same address there is no pipeline stall.

Table 1-87. A Load Operation Followed by a Store Operation to the Same Address

(Cache Hit)
Pipeline Stage Cycle Number
Unit Stage 1 2 3 4
Memory FA
CARB wz stw
CACC lwz stw
Dispatch 1Q1 stw
1Q0 lwz stw
U ID Iwz stw
IE Iwz stw
IC lwz stw
IWA
IWL Iwz
FPSB
ISB

The following code example shows a store instruction followed by aload instruction from
the same address:

Start: stw MEMr4, r6]=r2
lwz r7=MEM r4, r6]
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Table 1-88 shows the instruction timing for this example. Note that athough both
instructions use the same address there is no pipeline stall.

Table 1-88. Store Operation Followed by a Load to the Same Address (Cache Hit)

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4 5

Memory FA

CARB stw lwz

CACC stw lwz

Dispatch 1Q1 lwz

1Q0 stw lwz

U ID stw lwz

IE stw lwz

IC stw lwz

IWL lwz

1.3 Floating-Point Instruction Timing Examples

This section shows the timing for code sequences that contain sequences of floating-point
instructions.

1.3.1 Floating-Point Data Dependency Stalls

The following timing examples involve only floating-point instructions. Table -89 shows
the instruction timing for two consecutive double-precision floating-point accumulate
(fmadd) instructions. Note that these instructions require two cycles in each of the FD,
FPM, and FPA stages, but are self-pipelining. That is, the second cycle of the FD stage is
simultaneous with the first cycle of the FPM stage. This allows the second instruction to
enter the FPM stage in cycle 3. However, because there is a RAW dependency, the second
instruction cannot enter the FPM stage until the second clock cycle after thefirst instruction
completes the write-back stage. Without this dependency, the second instruction would
have entered the FPM stage in cycle 4.
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Table 1-89. Double-Precision Accumulate Instructions with RAW Data Dependency
(Two fmadd Instructions)

Cycle Number 1 2 3 4 5
F1 fmadd 2
FD fmadd 1 fmadd 1 fmadd 2 | fmadd 2 | fmadd 2
FPM fmadd 1 fmadd 1
FPA fmadd 1 | fmadd 1
FW fmadd 1

Resources required frAl, frB1, frC1 frAl, frB1, frC1
nonexclusively

Resources required frA2
exclusively

Table 1-89. Double-Precision Accumulate Instructions with RAW Data Dependency
(Two fmadd Instructions) (Continued)

Cycle Number 6 7 8 9 10
F1
FD fmadd 2 fmadd 2
FPM fmadd 2 fmadd 2
FPA fmadd 2 | fmadd 2
FW fmadd 2

Resources required frA2, frB2, frC2 frA2, frB2, frC2
nonexclusively

Resources required frD2
exclusively

Table 1-90 shows the instruction timing for two consecutive single-precision add (fadds)
instructions with a RAW dependency. This scenario is similar to the previous example in
that the second example cannot enter the FPM cycle until the second cycle after the first
instruction completes the FW stage.
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Table 1-90. Single-Precision Add Instructions with RAW Data Dependency (Two
fadds Instructions)

Cycle Number 1 2 3 4 5 6 7 8

F1

FD fadds 1 fadds 2 | fadds 2 | fadds 2 fadds 2

FPM fadds 1 fadds 2

FPA fadds 1 fadds 2

Fw fadds 1 fadds 2

Resources frAl, frB1 frA2, frB2
required
nonexclusively

Resources frA2 frD2
required
exclusively

Table I-91 shows the instruction timing when a RAW dependency exists between asingle-
precision add instruction (fmadds) and a move instruction (fmr). Note that, similar to the
previous examples, this dependency prevents the second instruction from entering the FPM
stage until the second cycle after the fmadds instruction compl etes the FW stage.

Table I-91. Move Instruction with RAW Data Dependency on Single-Precision
Accumulate Instruction (fmadds, fmr)

Cycle Number 1 2 3 4 5 6 7 8

F1

FD fmadds fmr fmr fmr fmr

FPM fmadds fmr

FPA fmadds fmr

Fw fmadds fmr

Resources frAl, frB1, frC1 frB2
required
nonexclusively

Resources frB2 frD2
required
exclusively

Table 1-92 shows the instruction timing for when a RAW data dependency exists between
a single-precision accumulate instruction and a store instruction. Note that although there
is adependency, thereis no stall.
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Table 1-92. Store Instruction with RAW Data Dependency on Immediately Previous
Single-Precision Accumulate Instruction (fmadds, stfs)

Cycle Number 1 2 3 4 5
F1
FD fmadds stfs
FPM fmadds stfs
FPA fmadds stfs
FwW fmadds stfs
Resources frAl, frBl'
required frC,
nonexclusively
Resources frB2—note that frB2
required is also sent to
exclusively memory subsystem.

Table 1-93 shows the instruction timing for the previous scenario when an intervening
instruction is scheduled, in this instance an fsub instruction. Note that the stfs instruction
cannot enter the FPM stage until the second cycle after the fsub instruction compl etes the
FW stage.

Table 1-93. Store Instruction with RAW Data Dependency on Previous
Single-Precision Accumulate Instruction with an Intervening Operation
(fmadds, fsub, stfs)

Cycle Number 1 2 3 4 5 6 7 8

F1

FD fmadds fsub stfs stfs stfs

FPM fmadds fsub stfs

FPA fmadds fsub stfs

Fw fmadds fsub stfs

Resources frAl, frA2, frB3
required frB1, frB2
nonexclusively frCl

Resources frB3 frD2
required
exclusively
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1.3.2 Timing Examples Involving Floating-Point Code Sequences

LINPACK is a standard floating-point benchmark which has an inner loop where a large
portion of the execution time is spent. The follow tables show both single- and double-
precision nonunrolled LINPACK loops.

The examples of nonoptimized loops show the importance of understanding the entire
pipeline and how different stages interact in order to understand the more subtle aspects of
the 601’'s instruction timing. Even though the 601 generally performs single-precision
floating-point arithmetic faster than double-precision floating-point arithmetic, the
nonoptimized, single-precision loop takes six cycles while the nonoptimized double-
precision loop takesfive. Thisis dueto an interaction between the different units—the FPU
finishes its instructions sooner, which allows the U to execute its instructions sooner (the
load instructions), which in turn causes the load instructions to interfere with the fetch of
the next loop iteration, which actually causes stalls a few cycles later (due to a lack of
instructions to execute). Simply by adding add the bnoop instruction (a conditional branch
that is never taken), at the start of the loop in Case 3, performance of the single-precision
loop isimproved. Instead of a six-cycle-per-loop stable state (Case 2), thereisafour-cycle-
per-loop stable state (Case 3).

Note that this instruction never affects instruction timing after the loop execution isin a
stable state (it is always folded out without stalls and causes no other instructions to stall).
The only time this instruction has any effect isin the very first iteration (cycle 3). At that
time, it blocks the loads from getting to the cache before the fetch of the second iteration
(cycle 4). The only way to improve the performance of the loop beyond four-cycles-per-
iteration is to use loop unrolling techniques (to reduce the fetch demands on the cache).

Table 1-94 shows the timing for anonoptimized, double-precision LINPACK loop (Case 1),
using the following code example:
Start: |fd fl=rmem(r5+x' 0080’ )

[fd f2=menm(r5+x’ 07cf’)

fmadd f3=(f1*f2)+f3

stfd mem(r5+x’ 07d0’ ) =f 3

bcdnz Start
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Table 1-94. Double-Precision LINPACK Loop (Not Unrolled)—Case 1

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5
Memory FA Start:0 Start:1 Start:1
CARB Ifd1, Ifd2, Ifd1l Ifd2
fmadd,stfd,
bc
CACC Ifd1, Ifd2, Ifd1
fmadd,stfd,
bc
Dispatch 1Q5
1Q4 bc
1Q3 stfd
1Q2 fmadd bc
Q1 Ifd2 stfd
1Q0 Ifdl Ifd2, Tagfmadd stfd, Tagstfd, Tagbc
U ID Ifd1 Ifd2, Tagfmadd stfd, Tagstfd, Tagbc
IE Ifd1 Ifd2, Tagfmadd
IC Ifd1
IWA
IWL
FPSB
ISB
BPU BE bc
MR
BW bc
FPU F1 stfd
FD fmadd fmadd
FPM
FPA
FWA
FWL
Notes fmadd stalls in Second iteration stalls in
FD waiting for FA because of loads in
load data the cache
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Table 1-94. Double-Precision LINPACK Loop (Not Unrolled)—Case 1 (Continued)

Pipeline Stage Cycle Number
Unit Stage 6 7 8 9
Memory FA Start:1 Start:2
CARB Ifd1, Ifd2, Ifd1, Ifd2, fmadd,stfd,bc
fmadd,stfd,bc
CACC Ifd2 Ifd1, Ifd2,
fmadd,stfd,bc
Dispatch 1Q5
1Q4 bc
Q3 stfd bc
1Q2 fmadd stfd
1Q1 Ifd2 fmadd
1Q0 Ifd1 Ifd2
U ID Ifd1l Ifd2
IE stfd, Tagstfd, Ifd1
Tagbc
IC Ifd2, Tagfmadd stfd, Tagstfd,
Tagbc
IWA
IWL
FPSB stfd stfd stfd
ISB
BPU BE bc
MR
BW bc bc
FPU F1 stfd stfd stfd
FD fmadd fmadd fmadd stfd
FPM fmadd fmadd
FPA fmadd
FWA
FWL Ifd1 Ifd2
Notes bc writes-back to Ifd stalls in IE because of
CTR a WAR hazard with the
fmadd in FD
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Table 1-94. Double-Precision LINPACK Loop (Not Unrolled)—Case 1 (Continued)

Pipeline Stage

Cycle Number

Unit Stage 10 11 12 13 14
Memory FA Start:3
CARB Ifd1 Ifd2 stfd Ifd1, Ifd2,
fmadd,stfd,bc
CACC Ifd1, Ifd2, Ifd1 Ifd2 stfd
fmadd,stfd,bc
Dispatch 1Q5 bc
1Q4 stfd bc bc
1Q3 fmadd stfd stfd bc
1Q2 Ifd2 fmadd fmadd stfd
1Q1 stfd, Tagbc Ifd1 Ifd2 Ifd2 fmadd
1Q0 Ifd2, stfd, Tagstfd, Ifd1l Ifd1 Ifd2
Tagfmadd Tagbc
U ID Ifd2, stfd, Tagstfd, Ifd1l Ifd1 Ifd2
Tagfmadd Tagbc
IE Ifd1 Ifd2, stfd, Tagstfd, stfd, Tagstfd, Ifd1
Tagfmadd Tagbc Tagbc
IC Ifd1 Ifd2, stfd, Tagstfd,
Tagfmadd Tagbc
IWA
IWL
FPSB stfd stfd stfd stfd
ISB
BPU BE bc
MR
BW bc bc bc bc bc
FPU F1 stfd stfd stfd stfd
FD fmadd fmadd fmadd fmadd fmadd
FPM stfd fmadd
FPA fmadd stfd
FWA fmadd stfd
FWL Ifd1 Ifd2
Notes fmadd stalls in | data for stfd is Ifd stalls in IE due

FD waiting for
load data

sentto memory
subsystem.

to WAR hazard with
the fmadd in FD
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Table 1-94. Double-Precision LINPACK Loop (Not Unrolled)—Case 1 (Continued)

Pipeline Stage Cycle Number
Unit Stage 15 16 17 18
Memory FA Start:5
CARB Ifd1 Ifd2 stfd
CACC Ifd1, Ifd2, Ifd1l Ifd2
fmadd,stfd,bc
Dispatch 1Q5 bc
1Q4 stfd bc
1Q3 fmadd stfd bc
1Q2 Ifd2 fmadd stfd
1Q1 stfd, Taghc Ifd1 Ifd2 fmadd
1Q0 fmadd stfd, Tagbc Ifd1 Ifd2
U ID Ifd2 stfd, Tagbc Ifd1 Ifd1
IE Ifd1 Ifd2, stfd, Tagstfd, Tagbc stfd, Tagstfd, Tagbc
Tagfmadd
IC Ifd1 Ifd2, Tagfmadd
IWA
IWL
FPSB stfd stfd stfd stfd
ISB
BPU BE
MR
BW bc bc bc bc
FPU F1 stfd stfd
FD stfd fmadd fmadd fmadd
FPM fmadd stfd
FPA fmadd fmadd stfd
FWA fmadd stfd
FWL Ifd1l Ifd2
Notes data for stfd is sent to
memory subsystem.
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Table 1-94. Double-Precision LINPACK Loop
(Not Unrolled)—Case 1 (Continued)

Pipeline Stage

Cycle Number

Unit Stage 19 20 21
Memory FA Start:5
CARB Ifd1, Ifd2, Ifd1 Ifd2
fmadd,stfd,b
c
CACC stfd Ifd1, Ifd2, Ifd1
fmadd,stfd,b
c
Dispatch 1Q5 bc
1Q4 stfd
1Q3 bc bc fmadd
1Q2 stfd stfd Ifd2
1Q1 fmadd fmadd Ifd1
1Q0 Ifd2 Ifd2 stfd, Tagbc
U ID Ifd1 Ifd2 stfd, Tagbc
IE stfd, Tagstfd, Ifd1 Ifd2, Tagfmadd
Tagbc
IC stfd, Tagstfd, Ifd1
Tagbc
IWA
IWL
FPSB stfd stfd
ISB
BPU BE bc
MR
BW bc bc bc
FPU F1 stfd
FD fmadd stfd fmadd
FPM fmadd fmadd stfd
FPA fmadd fmadd
FWA
FWL
Notes This state is the same

as in cycle 16
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Table 1-95 shows the instruction timing for a nonoptimized, single-precision LINPACK
loop (Case 2), using the following code sequence:

Start: |fs fl=mem(r5+x’ 0080’)
[ fs f2=mem(r5+x’ 07cf’)
fmadds f3=(f1*f2)+f3
stfs mem(r5+x’ 07d0’ ) =f 3
bcdnz Start

1-136 PowerPC 601 RISC Microprocessor User's Manual



g |

Table 1-95. Single-Precision LINPACK Loop (Nonoptimized)—Case 2

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5 6
Memory FA Start:0 Start:1 Start:1 Start:1
CARB | Ifs1,lfs2, Ifs1 Ifs2 Ifs1,lfs2,
fmadds, fmadds,stfs, bc
stfs, bc
CACC Ifs1,Ifs2, Ifs1 Ifs2
fmadds,
stfs, bc
Dispatch 1Q4 bc
1Q3 stfs
1Q2 fmadds bc
1Q1 Ifs2 stfs
1Q0 Ifs1 Ifs2, stfs, Tagstfs,
Tagfmadds Tagbc
U ID Ifs1 Ifs2, stfs, Tagstfs,
Tagfmadds Tagbc
IE Ifs1 Ifs2, Tagfmadds stfs, Tagstfs,
Tagbc
IC Ifs1 Ifs2, Tagfmadds
IWA
IWL
FPSB
ISB
BPU BE bc
MR
BW bc bc
FPU F1 stfs stfs
FD fmadds fmadds fmadds
FPM
FPA
FWA
FWL Ifs1
Notes fmadds Second iteration
stalls in FD stalls in FA due
waiting for to loads in the
load data cache
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Table 1-95. Single-Precision LINPACK Loop (Nonoptimized)—Case 2 (Continued)

Pipeline Stage Cycle Number
Unit Stage 7 8 9 10 11
Memory FA Start:2 Start:2 Start:2
CARB Ifs1 Ifs2 stfs
CACC Ifs1,Ifs2, Ifs1 Ifs2
fmadds,stfs, bc
Dispatch 1Q4 bc
1Q3 stfs
1Q2 fmadds bc
1Q1 Ifs2 stfs
1Q0 Ifs1 Ifs2, stfs,
Tagfmadds Tagstfs,
Tagbc
U 1D Ifsl Ifs2, stfs,
Tagfmadds Tagstfs,
Tagbc
IE Ifs1 Ifs2, stfs, Tagstfs, Tagbc
Tagfmadds
IC stfd, Tagstfs, Ifs1 Ifs2, Tagfmadds
Tagbc
IWA
IWL
FPSB stfs stfs stfs stfs stfs
ISB
BPU BE bc
MR
BW bc bc bc
FPU F1 stfs stfs stfs
FD fmadds stfs fmadds fmadds fmadds
FPM fmadds stfs
FPA fmadds stfs
FWA fmadds stfs
FWL Ifs2 Ifs1
Notes bc writes back to fmadds stalls data for stfs is sent
CTR in FD waiting to memory
for load data subsystem.
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Table 1-95. Single-Precision LINPACK Loop (Nonoptimized)—Case 2 (Continued)

Pipeline Stage Cycle Number
Unit Stage 12 13 14 15 16
Memory | CARB Start:2 Start:3 Start:3
CARB Ifs1,lfs2, Ifs1 Ifs2
fmadds,stfs, bc
CACC stfs I1fs1,Ifs2, Ifs1
fmadds,stfs, bc
Dispatch 1Q4 bc
1Q3 stfs
1Q2 fmadds bc
1Q1 Ifs2 stfs
1Q0 Ifs1 Ifs2, stfs, Tagstfs,
Tagfmadds Tagbc
V] ID Ifs1 Ifs2, stfs, Tagstfs,
Tagfmadds Tagbc
IE stfs, Tagstfs, Ifs1 Ifs2,
Tagbc Tagfmadds
IC stfs, Tagstfs, Ifs1
Tagbc
IWA
IWL
FPSB stfs stfs stfs stfs
ISB
BPU BE bc
MR
BW bc bc bc
FPU F1 stfs stfs
FD fmadds stfs fmadds fmadds
FPM fmadds stfs
FPA fmadds stfs
FWA fmadds stfs
FWL Ifs2
Notes fmadds data for stfs is
stalls in FD sent to
waiting for memory
load data subsystem.
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Table 1-95. Single-Precision LINPACK Loop (Nonoptimized)—Case 2 (Continued)

Pipeline Stage

Cycle Number

Unit Stage 17 18 19 20 21
Memory | CARB Start:3 Start:3
CARB stfs Ifs1,Ifs2, Ifs1
fmadds,stfs, bc
CACC Ifs2 stfs Ifs1,Ifs2,
fmadds,stfs, bc
Dispatch 1Q4 bc
1Q3 stfs
1Q2 fmadds bc
Q1 Ifs2 stfs
1Q0 Ifs1 Ifs2, Tagfmadd
U ID Ifs1 Ifs2, Tagfmadd
IE stfs, Tagstfs, stfs, Tagstfs, Ifs1
Tagbc Tagbc
IC Ifs2, Tagfmadds stfs, Tagstfs,
Tagbc
IWA
IWL
FPSB stfs stfs stfs stfs
ISB
BPU BE bc
MR
BW bc bc bc
FPU F1 stfs stfs
FD fmadds fmadds stfs fmadds
FPM fmadds stfs
FPA fmadds stfs
FWA fmadds
FWL Ifs1 Ifs2

Notes

this state is the
same as the state
in cycle 15.

Table 1-96 shows the instruction timing for a semi-optimized, single-precision LINPACK
loop (Case 3), using the following code sequence:
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Start: bnoop (bc which is never taken)
[fs fl=nmenm(r5+x’ 0080")
[ fs f2=mem(r5+x’ 07cf’)
frmadds f3=(f1*f2)+f3
stfs men(r5+x’ 07d0’ ) =f 3
bcdnz Start

Note that except for the initial bnoop (an untaken bc instruction), this code sequence is
identical to that of Case 2. The insertion of bnoop improves the performance of the single-
precision loop. Instead of a six-cycle-per-loop stable state (Case 2), there is a four-cycle-
per-loop stable state (Case 3).
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Table 1-96. Single-Precision LINPACK Loop (Semi-Optimized)

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5
Memory FA Start:0 Start:1
CARB bnoop,Ifs1, bnoop,Ifs1, Ifs1
Ifs2,fmadds, Ifs2,fmadds, stfs,bc
stfs,bc
CACC bnoop,Ifs1, bnoop,Ifs1,
Ifs2,fmadds, Ifs2,fmadds, stfs,bc
stfs,bc
Dispatch 1Q6
1Q5 bc
1Q4 stfs
1Q3 fmadds bc
1Q2 Ifs2 stfs
1Q1 Ifs1 Ifs2, Tagfmadds stfs, Tagstfs, Tagbc
1Q0 bnoop Ifs1 Ifs2, Tagfmadds
U ID Ifs1 Ifs2, Tagfmadds
IE Ifs1
IC
IWA
IWL
FPSB
ISB
BPU BE bnoop bc
MR bnoop
BW bc
FPU F1 stfs
FD fmadds fmadds
FPM
FPA
FWA
FWL
Notes fmadds stalls in FD
waiting for load data
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Table 1-96. Single-Precision LINPACK Loop (Semi-Optimized) (Continued)

Pipeline Stage Cycle Number
Unit Stage 6 7 8 9
Memory FA Start:2
CARB Ifs2 bnoop,Ifs1, Ifs1
Ifs2,fmadds,
stfs,bc
CACC Ifs1 Ifs2 bnoop,Ifs1,
Ifs2,fmadds, stfs,bc
Dispatch 1Q6 bc
1Q5 stfs
1Q4 fmadds bc
1Q3 Ifs2 stfs bc
1Q2 Ifs1 fmadds stfs
1Q1 bnoop Ifs2 fmadds stfs, Tagbc
1Q0 stfs, Tagstfs, Tagbc Ifs1 Ifs2 fmadds
U ID stfs, Tagstfs, Tagbc Ifs1 Ifs2 Ifs2
IE Ifs2, Tagfmadds stfs, Tagstfs, Ifs1 Ifs1
Tagbc
IC Ifs1 Ifs2, Tagfmadds stfs, Tagstfs,
Tagbc
IWA
IWL
FPSB stfs stfs
ISB
BPU BE bnoop bc
MR bnoop
BW bc bc bc
FPU F1 stfs stfs stfs
FD fmadds fmadds fmadds stfs
FPM fmadds
FPA
FWA
FWL Ifs1 Ifs2
Notes fmadds stalls in FD
waiting for load data
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Table 1-96. Single-Precision LINPACK Loop (Semi-Optimized) (Continued)

Pipeline Stage

Cycle Number

Unit Stage 10 11 12 13 14
Memory FA Start:3
CARB Ifs2 stfs bnoop,Ifs1, Ifs1 Ifs2
Ifs2,fmadds,
stfs,bc
CACC Ifs1 Ifs2 stfs bnoop,|fs1, Ifs1
Ifs2,fmadds, stfs,bc
Dispatch 1Q6 bc bc
1Q5 stfs stfs
1Q4 fmadds bc fmadds
1Q3 Ifs2 stfs bc Ifs2
1Q2 Ifs1 fmadds stfs stfs, Tagbc Ifs1
1Q1 bnoop Ifs2 fmadds fmadds bnoop
1Q0 stfs, Tagbc Ifs1 Ifs2 Ifs2 stfs, Tagbc
U ID stfs, Tagbc Ifs1 Ifs1 Ifs2 stfs, Tagbc
IE Ifs2, stfs, Tagstfs, stfs, Tagstfs, Ifs1 Ifs2,
Tagfmadds Tagbc Tagbc Tagfmadds
IC Ifs1 Ifs2 stfs, Tagstfs, Tagbc Ifs1
IWA
IWL
FPSB stfs stfs stfs stfs
ISB
BPU BE bnoop bc bnoop
MR bnoop bnoop
BW bc bc bc bc bc
FPU F1 stfs stfs
FD fmadds fmadds fmadds stfs fmadds
FPM stfs fmadds stfs
FPA fmadds stfs fmadds
FWA fmadds stfs
FWL Ifs1 Ifs2
Notes data for stfs is State
sent to memory matches
subsystem. cycle 10.
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The next code sequences shows the interactions between load and store operations.
Table 1-97 shows the instruction timing for a load feeding a compare inside a loop, using
the following code sequence:
start: |w rO=nmen(r3, 4)

ori r5=r3

cnp cr0=r5,r0

addi r0=0

bc- out, cr0

stw nmen(r5,8)=r0

I w r5=men(r5, 0)

lw rd=mem(r3, 4)

cnp crl=r5,r4
| abl: bc- out, cril

stw nmen(r5,8)=r0

I w r5=men(r5, 0)

lw rd=mem(r3, 4)

cnp crl=r5,r4

b labl

out:
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Table 1-97. Load->Compare Operations in a Loop

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5
Memory FA start: start+8(*4) start+9(*4) start+10(*4) start+11(*4)
CARB Iwl,ori,cmpl, cmp2,bc2, bc2, lwil lw4,lw5,
addi,bcl,stwl, stw2,lw4,lw5, stw2,lw4,lwbs, cmp3, b
lw2,lw3 cmp3, b cmp3, b
CACC Iwl,ori,cmpl, cmp2,bc2, bc2, Iwl
addi,bcl,stwi, stw2,lw4,lw5s, stw2,lw4,lw5,
lw2,lw3 cmp3, b cmp3, b
Dispatch 1Q7 lw3 cmp2 stw2
1Q6 w2 w3 bc2
1Q5 stwl w2 cmp2
Q4 bcl stwi w3
1Q3 addi bcl w2
1Q2 cmpl addi stwl
1Q1 ori cmpl addi, Tagpbr
1Q0 lwl ori cmpl
U ID lwl ori cmpl
IE wl ori
IC lwl
IWA
IWL
FPSB
ISB
BPU BE bcl
MR bcl bcl
BW
Notes bc1lis predicted
not-taken
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Table 1-97. Load->Compare Operations in a Loop (Continued)

Pipeline Stage Cycle Number
Unit Stage 6 7 8 9 10 11
Memory FA start+13(*4) start+14(*4) | start+16(*4) | start+16(*4) | start+16(*4) | start+16(*4)
CARB cmp3, b b stwl w2 w3 start+16(*4)
CACC w4, w5, cmp3, b b stwl w2 w3
cmp3, b
Dispatch 1Q7 w5 cmp3
1Q6 stw2 w4 lw5 b
1Q5 bc2 stw2 w4 cmp3 b
1Q4 cmp?2 bc2 stw2 Iw5 cmp3 b
1Q3 w3 cmp2 bc2 w4 w5 cmp3
1Q2 w2 w3 cmp2 stw2 w4 w5
1Q1 stwl lw2 lw3 cmp2, stw2 lw4
Tagpbr
1Q0 addi, Tagpbr stwl w2 w3 cmp2, stw?2
Tagpbr
U ID addi, Tagpbr stwl lw2 w3 cmp2, stw2
Tagpbr
IE cmpl addi stwl w2 w3 cmp2,
Tagpbr
IC ori cmpl addi stwl w2 lw3
IWA ori cmpl addi
IwL Iwl w2
FPSB
ISB
BPU BE bc2
MR bcl bc2 bc2 bc2 bc2
BW
Notes cmpl result is bc2is cmp?2 stalls
forwarded to predicted inlE
the MR stage; not-taken because of
bclisresolved: a data
predicted dependency
correctly on Iw3.
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Table 1-97. Load->Compare Operations in a Loop (Continued)

Pipeline Stage Cycle Number
Unit Stage 12 13 14 15 16 17
Memory FA labl1:1 lab1+7(*4) lab1+7(*4) | labl+7(*4) | lab1+7(*4) lab1:2
CARB bc2, stw2 w4 w5 lab1+7(*4) bc2,
stw2,lw4,lwbs, stw2,lw4,lw5,
cmp3, b cmp3, b
CACC start+16(*4) bc2, stw2 w4 w5 lab1+7(*4)
stw2,lw4,lw5,
cmp3, b
Dispatch 1Q7 b
1Q6 cmp3
1Q5 w5 b
1Q4 w4 cmp3 b
1Q3 b stw2 w5 cmp3 b
1Q2 cmp3 cmp3 bc2 w4 lw5 cmp3
101 w5 w5 cmp3 stw2 w4 w5
1Q0 w4 w4 w5 cmp3, stw2 w4
Tagpbr
U ID stw?2 w4 w5 cmp3, stw2 stw2
Tagpbr
IE cmp2, Tagpbr stw2 lw4 w5 cmp3, cmp3, Tagpbr
Tagpbr
IC cmp2 stw2 w4 w5
IWA cmp2
IwL w3 w4 w5
FPSB
ISB
BPU BE b bc2 b
MR bc2 bc2 bc2 bc2 bc2
BW
Notes cmp2 result is bc2is cmp3 cmp2 result is
forwarded to predicted stalls in forwarded to
the MR stage; not-taken IE the MR stage;
bc2 is resolved: because bc2 is resolved:
predicted of a data predicted
correctly dependen | correctly
cy on lw5
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Table 1-97. Load->Compare Operations in a Loop (Continued)

Pipeline Stage Cycle Number
Unit Stage 18 19 20 21 22 23 24
Memory FA lab1+7(*4) | labl+7(*4) | lab1+7(*4) lab1+7(*4) out:
CARB stw?2 w4 w5 lab1+7(*4) out:
CACC bc2, stw2 lw4 Iwb lab1+7(*4) out:
stw2,lw4,
w5,
cmp3, b
Dispatch 1Q7 b
1Q6 cmp3
1Q5 w5 b
1Q4 w4 cmp3 b
1Q3 stw2 w5 cmp3 b
1Q2 cmp3 bc2 lw4 w5 cmp3
Q1 lw5 cmp3 stw2 w4 w5
1Q0 w4 Iw5 cmp3, stw2 w4 out:
Tagpbr
U ID w4 lw5 cmp3, stw2 stw2 out:
Tagpbr
IE stw2 w4 w5 cmp3, cmp3,
Tagpbr Tagpbr
IC cmp3 stw2 w4 Iw5 cmp3
IWA cmp3 cmp3
IWL w4 w5
FPSB
ISB
BPU BE bc2 b
MR bc2 bc2 bc2 bc2
BW
Notes bc2is cmp3stalls | cmp2 Code at
predicted in IE result is exit
not-taken; because of forwarded target
The state in a data to the MR (out:) is
this cycle dependency | stage; bc2 in
is the on w5 is resolved: 1QO/ID.
same as predicted
the state in incorrectly
cycle 14.
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.4 Additional Code Sequence Timings

This section shows instruction timings for code sequences that illustrate certain features
and code scheduling restrictions in the 601. This is primarily of interest to those writing
code generators (such as compilers) and assembly language routines to optimize
performance

Interlocks are implemented in the 601 to handle register dependencies that affect how
instructions flow through the pipeline. One set of interlocks exist between floating-point
loads (which go through the IU pipeline) and floating-point ALU instructions (that flow
through the FPU pipeline). These interlocks areillustrated by the following code
sequence:

Example 1:

lfdu fr5,0(r3)

fnmadd fr4, fr5, fr6, fr2

| fdu fr2, x (r9)’ Load has WAR dependency previ ous op.
fsub fr1o, fr11, fr2

The timing for this code sequence is shown in Table [-98.
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Table 1-98. Interlocks between Floating-Point ALU and Subsequent Floating-Point

Load Instruction (WAR Dependency)

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA
CARB
CACC
Dispatch 1Q3 fsub
1Q2 Ifdu 2
Q1 fnmadd fsub
1Q0 Ifdu 1 Ifdu 2
U ID Ifdu 1 Ifdu 2
IE Ifdu 1 Ifdu 2 Ifdu 2 Ifdu 2 Ifdu 2
IC Ifdu 1 Ifdu 2
IWA Ifdu 1 Ifdu 2
IWL
FPSB
ISB
FPU F1 fsub fsub fsub
FD fnmadd fnmadd fnmadd fnmadd fsub fsub
FPM fnmadd fnmadd
FPA fnmadd fnmadd
FWA
FWL Ifdu 1
Notes Ifdu 1 The float fnmadd Ifdu 2 can fsub is
stalls load in IE proceeds proceed stalled for
waiting for | is stalled now that since no Ifdu 2
target waiting for all register | instructionis | target
data from | the datais in FD uses the | data.
Ifdul. fnmadd to available. load target
leave FD. register. fsub
stalls for
Ifdu2.
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Table 1-98. Interlocks between Floating-Point ALU and Sub-
sequent Floating-Point Load Instruction (WAR Dependency)
(Continued)

Pipeline Stage Cycle Number

Unit Stage 8 9 10 11

Memory FA

Dispatch 1Q3

FPU F1
FD fsub
FPM fsub
FPA fsub

FWA fnmadd fsub
FWL Ifdu 2

Notes The fsub is still | All data available
waiting on the for the fsub to

Ifdu 2 data. start decode.
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There are three register dependencies in this code sequence—fr5 between the first and
second instructions, fr2 between the second and third instructions, and fr2 between the
third and fourth instructions. These register dependencies cause the following pipeline
stalls.

» Thefnmadd must stall in the FD stage until fr5 has been updated with the load
target data.

* Thesecond Ifdu stallsin the IE stage until the fnrmadd has left the FD stage. This
interlock preventsthe second Ifdu from writing fr 2 beforeit isread by thefnmadd.
(This could happen if the first Ifdu were to missin the cache and the second Ifdu
were to hit in the cache; however, the second Ifdu stallsfor acouple of cyclesin IE
even if thefirst Ifdu hit in the cache.)

» Theregister dependency between the third and fourth instruction causes thefsub to
stall in the FD stage until the target data is available from the second Ifdu.

The WAR (write after read) dependency between the second third instruction can be
avoided by choosing adifferent load target for the third instruction—one that is not used by
the preceding fnmadd. Thisisillustrated by slightly adjusting the previous code sequence,
as shown in example 2.

Example 2:

[ fdu fr5,0(r3)

fnmadd fr4, fr5, fr6, fr2

[ fdu fr7, x (r9)’ Load target is not in previous float ALU op.
fsub fr10, frl11, fr7

The timing for this code sequence is shown in Table [-99.
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Table 1-99. Recoding of Sequence to Prevent Ifdu 2 from Stalling in the IE Stage

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5 6 7 8 9
Memory FA
CARB Ifdu 1 Ifdu 2
CACC Ifdu 1 Ifdu 2
Dispatch 1Q3 fsub
1Q2 Ifdu 2
Q1 fnmadd fsub
1Q0 Ifdu 1 Ifdu2
U ID Ifdu 1 Ifdu 2
IE Ifdu 1 Ifdu 2
IC Ifdu 1 Ifdu 2
IWA Ifdu 1 Ifdu 2
IWL
FPSB
ISB
FPU F1 fsub fsub fsub
FD fnmadd | fnrmadd | fnmadd | fnmadd fsub
FPM fnmadd | fnmadd fsub
FPA fnmadd | fnmadd fsub
FWA fnmadd | fsub
FWL Ifdu 1 Ifdu 2
Notes fnmadd |[Ifdu 2 fsub fnmadd
stalls does not | stalls proceeds
waiting wait for | waiting | now that
for target | fnmadd |on all
data toleave |[fnmadd | register
from FD data is
Ifdu 1. because available;
it has Ifdu 2
been completes
recoded before
to use a fsub isin
distinct FD.
FPR

The second Ifdu can be sent to the cache without waiting on the fnmadd if it uses atarget
FPR that is not in the fnrmadd. Note that it takes only 9 cycles to complete the recoded
sequence, whileit takes 11 cyclesto complete the original sequence. Stall cycles are added
to both the U and the FPU pipelines.
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Notethat the RAW dependencies between thefirst and second instructions and the third and
fourth instructions still exist in the recoded sequence because these are true data
dependencies. Nondependent fl oating-point pipeline instructions can be moved in between
the load and the AL U instruction that uses the load target to reduce the effects of the load
latency.

Thefollowing code sequence has a nondependent instruction inserted between the load and
the dependent operation. The nondependent instruction is executed during the cycles the
FPU had been stalled in the previous example. This does not decrease the load latency, but
rather, reduces the number of cycles that the FPU stalls. The nondependent floating-point
ALU instruction was executed without increasing the total number of cycles (nine cycles
total).

Example 3:

lfdu fr5,0(r3)

f mul f20, f21, f22

fnmadd fr4, fr5, fr6, fr2

[ fdu fr7, x (r9)’ Loads noved further from dependent op.
fsub fr1o, frll, fr7

The timing for this example is shown in Table 1-100.

Table 1-100. Nondependent Floating-Point ALU Instruction Inserted in the Stall
Cycle between a Floating-Point Load and a Dependent Instruction

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5
Memory FA
CARB Ifdu 1 Ifdu 2
CACC Ifdu 1 Ifdu 2
Dispatch 1Q4 fsub
1Q3 Ifdu 2
1Q2 fnmadd fsub
1Q1 fmul Ifdu 2 fsub
1Q0 Ifdu 1 fnmadd Ifdu 2
U ID Ifdu 1 fnmadd Ifdu 2
IE Ifdu 1, TAGfsub Ifdu 2, Tagfsub
TAGfnmadd
IC Ifdu 1, Tagfnmadd Ifdu 2,
TAGfnmadd Tagfsub
IWA Ifdu 1 Ifdu 2
IWL
FPSB
ISB
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Table I-100. Nondependent Floating-Point ALU Instruction Inserted in the Stall
Cycle between a Floating-Point Load and a Dependent Instruction (Continued)

Pipeline Stage Cycle Number
FPU F1 fnmadd fsub fsub
FD fmul fmul fnmadd fnmadd
FPM fmul fmul fnmadd
FPA fmul fmul
FWA
FWL Ifdu 1
Notes fmul is allowed fsub stalls because the
to execute fnmadd is a double-precision
because it is not operation and takes two
dependent on cycles in FD. fnmadd can
the load data. start because load data is
available.
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Table 1-100. Nondependent Floating-Point ALU Instruction Inserted in the Stall
Cycle between a Floating-Point Load and a Dependent Instruction (Contd.)

Pipeline Stage Cycle Number

Unit Stage 6 7 8 9

Memory FA

Dispatch 1Q4

FPU F1
FD fsub

FPM fnmadd fsub

FPA fnmadd fnmadd fsub

FWA fmul fnmadd fsub

FWL Ifdu 2

Notes fsub can start this cycle
because the load data from
Ifdu 2 is available.

Note that moving the second Ifdu ahead of the fnmadd does not improve the latency for
this four-instruction sequence. The first Ifdu and the fnmadd are dispatched on the same
cycleasin example 2 and example 4A; therefore, the number of stall cyclesisthe same.

Example 4A:

[ fdu fr5,0(r3)

| fdu fr7, x (r9)’ No i mprovenent in | atency.
fnmadd fr4, fr5, fr6, fr2

fsub fr10, frl11, fr7
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The instruction timing for this example is the same as that shown in Table 1-98. Note that
moving the load instructions ahead of the floating-point arithmetic instruction improves
latency on longer instruction sequences when the floating-point pipeline is doing double-
precision operations as shown in Example 4B and 4C. Example 4C benefits from having
the load instructions executed ahead of the fmadd instructions. The first two fmadd
instructions can be dispatched to the FPU, but then floating-point dispatch stalls for afew
cycles. In the code sequence shown in Example 4B, the dispatch of the last Ifdu instruction
must wait on the dispatch of the third fmadd instruction. Timing for this example is shown
in Table I-101.

Example 4B:

[ fdu
f madd
| fdu
f madd
[ fdu
f madd
| fdu
f madd

fri, 0O(rb5)
fr10, fr20,
fr2, 0(rb)
fr11, fr20,
fr3, 0(rb5)
fri12, fr20,
frd, 0(r5)
fr13, fr20,

fri,

fr2,

fr2,

fr2,

fri10

fri1l

fri2

fri3
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Table 1-101

. Mixture of Floating-Point Loads and Floating-Point Accumulate
Instructions

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5 6 7
Memory FA
CARB Ifdu 1 Ifdu 2 Ifdu 3
CACC Ifdu 1 Ifdu 2 Ifdu 3
Dispatch 1Q7 fmadd 4
1Q6 Ifdu 4
1Q5 fmadd 3 fmadd 4
1Q4 Ifdu 3 Ifdu 4
1Q3 fmadd 2 fmadd 3 fmadd 4
1Q2 Ifdu 2 Ifdu 3 Ifdu 4 fmadd 4 fmadd 4 | fmadd 4
Q1 fmadd 1 fmadd 2 fmadd 3 Ifdu 4 Ifdu 4 Ifdu 4 fmadd 4
1Q0 Ifdu 1 Ifdu 2 Ifdu 3 fmadd 3 fmadd 3 | fmadd 3 Ifdu 4
9] ID Ifdu 1 Ifdu 2 Ifdu 3 fmadd 3 fmadd 3 | fmadd 3 Ifdu 4
IE Ifdu 1, Ifdu 2, Ifdu 3 Ifdu 3 Ifdu 3 Tagfmadd 3
Tagfmadd 1 | Tagfmadd 2
IC Ifdu 1, Ifdu 2, Ifdu 3
Tagfmadd 1 | Tagfmadd 2
IWA Ifdu 1 Ifdu 2 Ifdu 3
IWL
FPSB
ISB
FPU F1 fmadd 2 fmadd 2 fmadd 2 fmadd 3
FD fmadd 1 fmadd 1 fmadd 1 fmadd 1 fmadd 2 fmadd 2
FPM fmadd 1 | fmadd 1 fmadd 2
FPA fmadd 1 fmadd 1
FWA
FWL Ifdu 1 Ifdu 2
Notes fmadd 1 fmadd 2 Ifdu 3 stalls FD is open
stalled stalled due to so Ifdu 3
waiting for waiting for floating op in can
Ifdu 1 data. |fmadd 1to | F1thatis execute
leave FD. ahead of the and
Ifdu 3in fmadd 3
program. can
dispatch.
Appendix I. Instruction Timing Examples I-159




g |

Table I-101. Mixture of Floating-Point Loads and Floating-Point Accumulate In-
structions (Continued)

Pipeline Stage Cycle Number

Unit Stage 8 9 10 11 12 13 14

Memory FA

Ifdu 4

Ifdu 4

Dispatch

fmadd 4
fmadd 4
IE Ifdu 4
IC Tagfmadd 3

Tagfmadd 4
Ifdu 4

Tagfmadd
4

IWA
IWL
FPSB
ISB

FPU F1

Ifdu 4

fmadd 4

FD

fmadd 3

fmadd 3

fmadd 4

fmadd 4

FPM

fmadd 2

fmadd 3

fmadd 3

fmadd 4

fmadd 4

FPA

fmadd 2

fmadd 2

fmadd 3

fmadd 3

fmadd 4

fmadd 4

FWA

fmadd 1

fmadd 2

fmadd 3

fmadd 4

FWL Ifdu 3 Ifdu 4

Notes

In example 4C, the Ifdu instructions are rearranged so that they do not have to wait on
dispatch of floating-point instructions.

Example 4C:

fdu fri, 0(rb5)

[ fdu fr2, 0(rb)

I fdu fr3, 0(rb5)
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fmadd fr10, fr20, fr1, frl10
[ fdu frd, 0(r5)

fmadd fr1l1, fr20, fr2, fril
frmadd fr12, fr20, fr3, frl2
frmadd fri13, fr20, fr4, frl13

Timing for this code sequence is shown in Table I-101. Note that this did not improve the
flow of the instructions through the FPU pipeline (the limiting factor is that it takes two
clock cycles to process each double-precision fmadd). The advantage in moving the load
instructions (or other 1U instructions) ahead of the floating-point instructionsis that avoids
stalsin the U pipeline caused by the dependency checking logic.
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Table I-102. Mixture of Floating-Point Loads and Floating-Point Accumulate
Instructions Rearranged to Move the Loads Ahead of the Accumulates in Program

Order
Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7
Memory FA
CARB Ifdu 1 Ifdu 2 Ifdu 3 Ifdu 4
CACC Ifdu 1 Ifdu 2 Ifdu 3 Ifdu 4
Dispatch 1Q7 fmadd 4
1Q6 fmadd 3
1Q5 fmadd 2 fmadd 4
1Q4 Ifdu 4 fmadd 3
1Q3 fmadd 1 fmadd 2 fmadd 4
1Q2 Ifdu 3 Ifdu 4 fmadd 3 fmadd 4
1Q1 Ifdu 2 Ifdu 3 Ifdu 4 fmadd 3 fmadd 4 | fmadd 4
1Q0 Ifdu 1 Ifdu 2 Ifdu 3 Ifdu 4 fmadd 3 | fmadd 3 fmadd 4
U ID Ifdu 1 Ifdu 2 Ifdu 3 Ifdu 4 fmadd 3 | fmadd 3 | fmadd 4
IE Ifdu 1, Ifdu 2, Ifdu 3 Ifdu 4 Tagfmadd 3
Tagfmadd 1 | Tagfmadd 2
IC Ifdu 1, Ifdu 2, Ifdu 3 Ifdu 4
Tagfmadd 1 | Tagfmadd 2
IWA Ifdu 1 Ifdu 2 Ifdu 3 Ifdu 4
IWL
FPSB
ISB
FPU F1 fmadd 2 fmadd 2 fmadd 2 fmadd 3
FD fmadd 1 fmadd 1 fmadd 1 fmadd 1 | fmadd 2 fmadd 2
FPM fmadd 1 | fmadd 1 fmadd 2
FPA fmadd 1 fmadd 1
FWA
FWL Ifdu 1 Ifdu 2 Ifdu 3 Ifdu 4
Notes fmadd 1 fmadd 2 Since
stalls stalls FDis
waiting for waiting for empty
Ifdu 1 data. | fmadd 1 to fmadd 3
leave FD. can
dispatch.
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Table I-102. Mixture of Floating-Point Loads and Floating-Point Accumulate In-
structions Rearranged to Move the Loads Ahead of the Accumulates in Program
Order (Continued)

Pipeline Stage Cycle Number

Unit Stage 8 9 10 11 12 13 14

Memory FA

Dispatch 1Q7

1Q0 fmadd 4
U ID fmadd 4
IE Tagfmadd 4
IC Tagfmadd 3 Tagfmadd 4

FPU F1 fmadd 4
FD fmadd 3 fmadd 3 fmadd 4 fmadd 4
FPM fmadd 2 fmadd 3 fmadd 3 fmadd 4 | fmadd 4
FPA fmadd 2 fmadd 2 fmadd 3 fmadd 3 | fmadd 4 | fmadd 4
FWA fmadd 1 fmadd 2 fmadd 3 fmadd 4
FWL

Notes FDis
empty so
fmadd 4
can
dispatch.

Floating-point instructions that update the CR are interlocked with the U pipeline to
guarantee that the CR is written back in program order. The FPU updates the CR from the
FWA stage. The IU updates the CR from the | E stage (except for stwex. which updates the
CR from IWA).
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Example 5 shows that the FPU may have to wait on the IU and vice versain order to keep
the update of the CR in program order when the fl oating-point instruction hasthe RC bit set.

Example5:

mullw. r3, r4, r5

frmadd. frl1, fr2, fr3, fr4

Sraw. r10, r11, r12

Timing for this example is shown in Table -103.

Table 1-103. Stalls Caused by CR Update Synchronization on a Floating-Point
Instruction with the RC Bit Set

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6
Memory FA
CARB
CACC
Dispatch 1Q2 sraw.
1Q1 fmadd. sraw. sraw. sraw. sraw. sraw.
1Q0 mullw. Tagfmadd Tagfmadd Tagfmadd Tagfmadd Tagfmadd
U ID mullw. Tagfmadd Tagfmadd Tagfmadd Tagfmadd Tagfmadd
IE mullw. mullw. mullw. mullw. mullw.
IC
IWA
IWL
FPSB
ISB
FPU F1
FD fmadd. fmadd.
FPM fmadd. fmadd.
FPA fmadd. fmadd.
FWA fmadd.
FWL
Notes fmadd. stalls until
the mullw. has
written the CR, and
the tag has moved
into IC.
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Table 1-103. Stalls Caused by CR Update Synchronization on a Floating-
Point Instruction with the RC Bit Set (Continued)

Pipeline Stage Cycle Number
Unit Stage 7 8 9 10 11
Memory FA
CARB
CACC
Dispatch 1Q2
1Q1
1Q0 sraw.
U ID sraw.
IE Tagfmadd sraw. sraw. sraw.
IC mullw. Tagfmadd. sraw.
IWA mullw. sraw.
IWL
FPSB
ISB
FPU F1
FD
FPM
FPA
FWA fmadd. fmadd.
FWL
Notes fmadd. is fmadd. is The sraw.is held | sraw. is
stalled until the | updating the for one more writing the
mullw. has CR this cycle. cycle. It takes an | CR on this
written the The sraw. is extra cycle to cycle.
CR, and the stalled start |E after the
tag has because the FPU has
moved into IC. | FPU is writing | updated the CR.
the CR.

Another stall mechanism is contained completely within the FPU. A floating-point
instruction may stall in the FD stage if it needs the result of a preceding floating-point
instruction that isin the FPM, the FPA, or the FWA stages. For thisreason it isdesirableto
separate dependent operations as much as possible, by up to three instructions.

Example 6 shows one FPU instruction stalled in the FD stage:
Example 6:
fnr fr3, fr4

Appendix I. Instruction Timing Examples I-165



g |

fadd frb,

fre,

fr3

Timing for this example is shown in Table I-103.
Table 1-103. Stall between Dependent Floating-Point Arithmetic Instructions

Pipeline Stage

Cycle Number

Unit Stage

4 5

Memory FA

Dispatch Q1

fadd

fmr

fadd

Tagfmr

Tagfadd

Tagfmr

Tagfadd

FPU F1

fmr

fadd

fadd fadd

fadd

FPM

fmr

fadd

FPA

fmr

fadd

FWA

fmr

fadd

FWL

Notes

fadd stalled waiting for source

register from fmr.

Example 7 shows that nondependent instructions can be moved in between the dependent
instructions to keep the FPU busy during the stall cycles in example 6. Example 7 shows
insertion of two nondependent instructions (it could have been one, two, or three
instructions).

Example 7:

fnr fr3, fr4

f add frio, fr11, fri2
f add fr20, fr21, fr22
f add frs5, fr6, fr3

Timing for this example is shown in Table |-104.
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Table I-104. Inserting Nondependent Instructions in between Dependent Floating-
Point Arithmetic Instructions

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7 8 9
Memory FA
CARB
CACC
Dispatch 1Q3 fadd 3
1Q2 fadd 2 | fadd 3
1Q1 fadd 1 | fadd 2 fadd 3
1Q0 fmr fadd 1 fadd 2 fadd 3
U ID
IE Tagfmr | Tagfadd 1 | Tagfadd 2 | Tagfadd 3
IC Tagfmr | Tagfadd 1 | Tagfadd 2 | Tagfadd 3
IWA
IWL
FPSB
ISB
FPU F1
FD fmr fadd 1 fadd 2 fadd 3 fadd 3
FPM fmr fadd 1 fadd 2 fadd 3
FPA fmr fadd 1 fadd 2 fadd
FWA fmr fadd 1 |fadd 2 fadd
FwL
Notes fadd 1 and fadd 2 do | fadd 3
not stall because it stalled
does not depend on waiting for
the result of the fmr. source
register
from fmr.

The FPU can process storesin aspecial way to avoid having to have the store operation wait
for a preceding ALU instruction to generate data to be stored. If the floating-point storeis
in FD stage and the ALU instruction that will generate that instructionisin FPM stage, then
the store is folded onto the FPM. The store data is sent to the FPSB when the preceding
ALU instruction isin FWA.
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Example 8 shows a code sequence for which the FPU can fold out the store.

Example 8:
f add fr3, fr4, fr5
stfd fr3, x 0000 (r5)

Timing for this example is shown in Table I-105.

Table 1-105. Folding of a Floating-Point Store on to a Floating-Point

Arithmetic Instruction

Pipeline Stage

Cycle Number

Unit Stage

3 4 5 6

Memory FA

stfd

stfd

Dispatch 1Q1

stfd

fadd

stfd

stfd

Tagfadd

stfd

Tagfadd stfd

stfd stfd

FPU F1

fadd

stfd

FPM

fadd

FPA

fadd,
Tagstfd

FWA

fadd,
Tagstfd

FWL

Notes

Example 9 shows a similar sequence where the store instruction must wait in FD for the

preceding ALU instruction to complete.

Example 9:

f add fr3, fr4, frb

fnr fr10, fr11, fr12

stfd fr3, x 0000 (r5)
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Timing for this example is shown in Table I-106.

Table I-106. Folding of a Floating-Point Store onto a Floating-Point Arithmetic

Instruction
Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6 7 8 9 19
Memory FA
CARB stfd
CACC stfd
Dispatch 1Q2 stfd
101 fmr stfd
1Q0 fadd fmr stfd
U ID stfd
IE Tagfadd | Tagfmr stfd
IC Tagfadd | Tagfmr stfd
IWA
IWL
FPSB stfd stfd stfd stfd stfd
ISB
FPU F1
FD fadd fmr stfd stfd stfd
FPM fadd fmr stfd
FPA fadd fmr stfd
FWA fadd fmr stfd
FWL
Notes The stfd is held in | The stfd is held in the
FD because itis | FPSB waiting for the store
trying to read the | data from the FPU.
target register of
the fadd.

The 601 does not support register renaming for either the IU or the FPU. This has certain
conseguences on the code generation. For code sequences without true data dependencies,

code can be written using different registers for adjacent instructions.

Examples 10 and 11 show two code streams—example 10 uses fewer FPRs, but has poorer
performance because there is no hardware renaming.
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Example 10:

Ifd fr10, x 0 (rl)
frmadd fr3, fr2, frl10, fr3
Ifd fr10, x 0 (r2)
frmadd fr3, fr2, fr10, fr3

Timing for this example is shown in Table I-107.

Table 1-107. No Hardware Register Renaming Mechanism Example—Code Written
Assuming Hardware Renaming (Loads Have the Same Target Registers)

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6
Memory FA
CARB Ifd 1 Ifd 2
CACC Ifd 1
Dispatch 1Q3 fmadd 2
1Q2 Ifd 2
1Q1 fmadd 1 fmadd 2
1Q0 Ifd 1 Ifd 2
U ID Ifd 1 Ifd 2
IE Ifd 1, Ifd 2, Ifd 2, Ifd 2, Ifd 2, Tagfmadd
Tagfmadd 1 | Tagfmadd 2 Tagfmadd 2 Tagfmadd 2 2
IC Ifd 1,
Tagfmadd 1
IWA
IWL
FPSB
ISB
FPU F1 fmadd 2 fmadd 2 fmadd 2
FD fmadd 1 fmadd 1 fmadd 1 fmadd 1 fmadd 2
FPM fmadd 1 fmadd 1
FPA fmadd 1
FWA
FWL Ifd 1
Notes fmadd 1is |Ifd 2is fmadd 1 can fmadd 1 will Ifd 2 can
stalled stalled start because not be in FD arbitrate for the
waiting on waiting on the source data | next cycle, so | cache because
data from fmadd 1to |is available the instruction | the fmadd 1
the Ifd 1. leave FD. from Ifd 1. The in F1 can has left the FD
fmadd 2 fmadd 2 is advance. stage. fmadd 2
stalls until stalled because is stalled until
FDis the fmadd 1 is data is available
advancing. | double- from Ifd 2.
precision.
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Table 1-107. No Hardware Register Renaming Mechanism Example—Code Written
Assuming Hardware Renaming (Loads Have the Same Target Registers)
(Continued)

Pipeline Stage Cycle Number
Unit Stage 7 8 9 10 11 12
Memory FA
CARB
CACC Ifd 2
Dispatch 1Q3
1Q2
1Q1
1Q0
U ID
IE
IC Ifd 2,
Tagfmadd 2
IWA
IWL
FPSB
ISB
FPU F1
FD fmadd 2 fmadd 2 fmadd 2
FPM fmadd 2 fmadd 2
FPA fmadd 1 fmadd 2 fmadd 2
FWA fmadd 1 fmadd 2
FWL Ifd 2
Notes Data available from
Ifd 2 so fmadd 2
can start in FD. The
fmadd is a double-
precision operation,
so it takes 2 cycles
in each stage.

Example 11 uses more FPRs, but has better performance because the second load does not
have to wait on the first fmadd instruction.
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Example 11:

Ifd fr10, x 0 (rl)

frmadd fr3, fr2, fr10, fr3

| fd fri1, x 0 (r2)

fradd fr3, fr2, fri1l, fr3

Timing for thisinstruction is shown in Table 1-108.

Table I-108. No Hardware Register Renaming Mechanism Example—Code Written
Assuming No Hardware Register Renaming
(The Loads Have Different Target Registers)

Pipeline Stage Cycle Number
Unit Stage 1 2 3 4 5 6
Memory FA
CARB Ifd 1 Ifd 2
CACC Ifd 1 Ifd 2
Dispatch 1Q3 fmadd 2
1Q2 Ifd 2
1Q1 fmadd 1 fmadd 2
1Q0 Ifd 1 Ifd 2
U ID Ifd 1 Ifd 2
IE Ifd 1, Ifd 2, Tagfmadd 2
Tagfmadd 1
IC Ifd 1, Tagfmadd 1 | Ifd 2, Tagfmadd 2
IWA
IWL
FPSB
ISB
FPU F1 fmadd 2 fmadd 2 fmadd 2
FD fmadd 1 fmadd 1 fmadd 1 fmadd 1 fmadd 2
FPM fmadd 1 fmadd 1
FPA fmadd 1
FWA
FWL Ifd 1 Ifd 2
Notes fmadd 1 is fmadd 2 is stalled | fmadd 1 canstart | fmadd 1 will
stalled until FD is because the not be in FD
waiting on advancing. The source data is next cycle, so
datafromthe |Ifd 2 uses a available from Ifd | the instruction
Ifd 1. different target 1.The fmadd 2is |in F1 can
register than the stalled because advance. Ifd 2
registers used by | the fmadd 1is data is written
fmadd 1, so the double-precision. | to the FPR.
Ifd 2 is not held.
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Table 1-108. No Hardware Register Renaming Mechanism Example—
Code Written Assuming No Hardware Register Renaming
(The Loads Have Different Target Registers) (Continued)

Pipeline Stage Cycle Number

Unit Stage 7 8 9 10

Memory FA

Dispatch 1Q3

FPU F1
FD fmadd 2
FPM fmadd 2 fmadd 2
FPA fmadd 1 fmadd 2
FWA fmadd 1
FWL

fmadd 2

fmadd 2

Notes

Example 12 shows a stream of integer loads and stores feeding into the 1U. They will
execute one per cycle aslong asthey hit in the cache, have their trandlation inthe TLB, and
the load targets are requested at least two cycles ahead of when they are used.

Example 12:

[ wu ri, x'4'(rl0)
[ wu r2, x'4'(rlo0)
[ wu r3, x'4'(rl0)
[ wu r4, x'4'(rl0)

stwu ri,

stwu r2,

x"4'(rl2)
x"4' (rl2)
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stwu r3, x'4'(rl2)
stwu r4, x'4'(rl2)

Timing for this example is shown in Table I-109. There are no stall cyclesin this sequence
of code. This sequence might be useful in aloop that is copying data from one location to
another. .

Table 1-109. Sequence of Integer Load and Store Instructions

Pipeline Stage Cycle Number

Unit Stage 1 2 3 4 5 6 7 8 9 10

Memory FA

CARB lwu 1 lwu 2 lwu 3 lwu4 | stwul | stwu?2 | stwu3 | stwu 4

CACC lwu 1 lwu 2 lwu 3 lwu 4 | stwul | stwu2 | stwu3 | stwu 4

Dispatch 1Q7 stwu 4

1Q6 stwu 3 | stwu 4

1Q5 stwu 2 | stwu 3 | stwu 4

1Q4 stwu 1l | stwu 2 | stwu 3 | stwu 4

1Q3 lwu4 | stwul | stwu?2 | stwu 3 | stwu 4

1Q2 lwu 3 Iwu4 | stwul | stwu2 | stwu 3 | stwu 4

1Q1 lwu 2 lwu 3 lwu4 | stwul | stwu?2 | stwu3 | stwu4

1Q0 lwu 1 Iwu 2 lwu 3 Iwu4 | stwul | stwu2 | stwu 3 | stwu 4

U ID lwu 1 lwu 2 lwu 3 lwu4 | stwul | stwu?2 | stwu 3 | stwu 4

IE lwu 1 lwu 2 lwu 3 lwu4 | stwul | stwu2 | stwu3 | stwu 4

IC lwu 1 lwu 2 lwu 3 lwu4 | stwul | stwu2 | stwu 3 | stwu 4
IWA lwu 1 lwu 2 lwu 3 lwu4 | stwul | stwu2 | stwu 3 | stwu 4
IwWL lwu 1 lwu 2 lwu 3 lwu 4
FPSB

ISB lwu 1 lwu 2 Iwu 3 lwu4 | stwul | stwu2 | stwu3 | stwu4

Notes
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Floating-point load instructions flow through the pipeline in the same way as integer loads
with the exception of the write back stage. Floating-point stores, however, cannot be placed
consecutively in the instruction stream without incurring some cycles because the FPSB is
not handled as efficiently asthe ISB stage. Example 13 shows a sequence of floating-point
loads and stores. The loads do not stall in the pipeline like the stores do.

Example 13:

| fsu fri, x"4'(r10)
[ fsu fr2, x'4'(r10)
I fsu fr3, x"'4'(rl10)
[ fsu frd, x'4'(r10)
stfsu frl, x'4'(rl12)
stfsu fr2, x'4'(rl12)
stfsu fr3, x'4'(rl2)

stfsu fr4, x' 4'(rl2)

For a series of floating-point store instructions, the maximum throughput is one floating-
point store every three processor cycles. Each store holds in FWA for two cycles and this
freezes the entire FPU pipeline. Therefore, one cannot schedul e floating-point instructions
in between the float stores to improve throughput in the floating-point unit. Because the
float stores also take up aposition in theinteger pipeline, thereisno opportunity to schedule
in integer instructions and improve throughput in the integer pipeline. The timings for
example 13 would be the same if the instructions were double-precision loads and stores
(assuming proper data alignment). Assuming that example 13 used double-precision
instructions, it would take 12 cycles to transfer 4 words of data using the floating-point
instructions. However, notice that it will take only 10 cycles to transfer 4 words of data
using the integer loads or stores. The conclusion isthat it is more efficient to do even large
data move operations with integer loads and stores than with floating-point loads or stores.
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Table 1-110. Sequence of Floating-Point Load and Store Instructions

Pipeline Stage

Cycle Number

Unit Stage 1 2 3 4 5 6 7
Memory FA
CARB Ifsu 1 Ifsu 2 Ifsu 3 Ifsu 4
CACC Ifsu 1 Ifsu 2 Ifsu 3 Ifsu 4
Dispatc 1Q7 stfsu 4
" 1Q6 stfsu 3 | stfsu 4
1Q5 stfsu 2 | stfsu 3 stfsu 4
104 stfsu 1l | stfsu 2 stfsu 3 stfsu 4
1Q3 Ifsu 4 stfsu 1 stfsu 2 stfsu 3 stfsu 4
1Q2 Ifsu 3 Ifsu 4 stfsu 1, stfsu 2, stfsu 3 stfsu 4
Tagstfsu 1 | Tagstfsu 2
1Q1 Ifsu 2 Ifsu 3 Ifsu 4 stfsu 1, stfsu 2, stfsu 3 stfsu 4
Tagstfsu 1 | Tagstfsu 2
1Q0 Ifsu 1 Ifsu 2 Ifsu 3 Ifsu 4 stfsu 1, stfsu 2, stfsu 3,
Tagstfsu 1 Tagstfsu 2 Tagstfsu 3
1] ID Ifsu 1 Ifsu 2 Ifsu 3 Ifsu 4 stfsu 1, stfsu 2, stfsu 3,
Tagstfsu 1 | Tagstfsu 2 Tagstfsu 3
IE Ifsu 1 Ifsu 2 Ifsu 3 Ifsu 4 stfsu 1, stfsu 2,
Tagstfsu 1 | Tagstfsu 2
IC Ifsu 1 Ifsu 2 Ifsu 3 Ifsu 4 stfsu 1,
Tagstfsu 1
IWA Ifsu 1 Ifsu 2 Ifsu 3 Ifsu 4 stfsu 1
IWL
FPSB stfsu 1
ISB Ifsu 1 Ifsu 2 Ifsu 3 Ifsu 4
FPU F1 stfsu 2 stfsu 2
FD stfsu 1 stfsu 1 stfsu 1 stfsu 2 stfsu 3
FPM stfsu 1 stfsu 2
FPA stfsu 1
FWA
FWL Ifsu 1 Ifsu 2 Ifsu 3 Ifsu 4
Notes Store waiting on data from
load.
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Table 1-110. Sequence of Floating-Point Load and Store Instructions (Continued)

Pipeline Stage Cycle Number
Unit Stage 8 9 10 11 12
Memory FA
CARB stfsu 1 stfsu 2
CACC stfsu 1 stfsu 2
Dispatch 1Q7
1Q6
1Q5
1Q4
1Q3
1Q2
1Q1
1QO0
U ID
IE stfsu 2, stfsu 2, stfsu 3, Tagstfsu 3 stfsu 3, stfsu 3,
Tagstfsu 2 Tagstfsu 2 Tagstfsu 3 Tagstfsu 3
IC stfsu 2, Tagstfsu 2
IWA stfsu 2
IWL
FPSB stfsu 1 stfsu 1 stfsu 2 stfsu 2 stfsu 2
ISB
FPU F1
FD stfsu 4
FPM stfsu 3 stfsu 4 stfsu 4 stfsu 4
FPA stfsu 2 stfsu 3 stfsu 3 stfsu 3 stfsu 4
FWA stfsu 1 stfsu 2 stfsu 2 stfsu 2 stfsu 3
FWL
Notes FPSB hold FWA held FPSB hold for successful | FPSB hold FWA held
for until tag access to cache. IE hold for until tag
successful clears IC. until FPSB not held. FWA | successful clears IC.
access to FWA hold held until tag clears IC. access to FWA hold
cache. IE causes the FWA hold causes the rest | cache.lEhold | causes the
hold until rest of FPU of FPU to hold. until FPSB rest of FPU
FPSB not to hold. not held. to hold.
held.
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Table 1-110. Sequence of Floating-Point Load and Store Instructions (Continued)

Pipeline Stage Cycle Number
Unit Stage 13 14 15 16 17 18
Mem FA
o CARB stfsu 3 stfsu 4
CACC stfsu 3 stfsu 4
Dispa 1Q7
tch
1Q6
1Q5
1Q4
103
1Q2
101
1Q0
U 1D
IE stfsu 4, Tagstfsu 4 stfsu 4, stfsu 4,

Tagstfsu 4 Tagstfsu
4

IC stfsu 3, Tagstfsu 3 stfsu 4,
Tagstfsu 4
IWA stfsu 3 stfsu 4
IWL
FPSB stfsu 3 stfsu 3 stfsu 3 stfsu 4 stfsu 4 stfsu 4
ISB
FPU F1
FD
FPM
FPA stfsu 4 stfsu 4
FWA stfsu 3 stfsu 3 stfsu 4 stfsu 4 stfsu 4
FWL
Notes FPSB hold for FPSB hold for | FWA FWA hold
successful CACC. IE successful hold for for tag to
hold until FPSB not access to tag to clear.
held. FWA held until cache. IE clear. FPSB
tag clears IC. FWA hold until hold until
hold causes the rest of | FPSB not successful
FPU to hold. held. CACC.
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