


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































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 

eieio 31 . 00000 00000· 854 0. 

eqvx 31 s A 284 Re 

extsbx 31 s A 954 Re 

extshx 31 s A 922 Re 

extswx 5 31 s 986 Re 

fabsx 63 D Re 

faddx 63 D 21 Re 

faddsx 59 D 21 Re 

fcfidx 5 63 D Re 

fem po 63 erfD B 32 

fcmpu 63 erfD B 0 

fctidx 5 63 D B 814 Re 

fctidzx 5 63 D B 815 Re 

fctiwx 63 D B 14 Re 

fctiwzx 63 D B 15 Re 

fdivx 63 D A B 18 Re 

fdivsx 59 D A B 18 Re 

fmaddx 63 D A B c 29 Re 

fmaddsx 59 D A B c 29 Re 

fmrx 63 D 72 Re 

fmsubx 63 D c 28 Re 

fmsubsx 59 D c 28 Re 

fmulx 63 D c 25 Re 

fmulsx 59 D c 25 Re 

fnabsx 63 D 136 Re 

fnegx 63 D 40 Re 

fnmaddx 63 D A B c 31 Re 

fnmaddsx 59 D A B c 31 Re 

fnmsubx 63 D A B c 30 Re 

fnmsubsx 59 D A B c 30 Re 

fresx 4 59 D B 24 Re 

frspx 63 D B Re 

frsqrtex 4 63 D B 26 Re 
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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 

tselx 4 63 23 Re 

fsqrtx 4 63 22 Re 

tsqrtsx 4 59 22 Re 

fsubx 63 20 Re 

fsubsx 59 20 Re 

icbi 31 

isync 19 

lbz 34 D A d 

lbzu 35 D A d 

lbzux 31 D A B 119 

lbzx 31 D A B 87 

Id 5 58 D A ds 

ldarx 5 31 D A B 84 

ldu 5 58 D A ds 

ldux 5 31 D A B 53 

ldx 5 31 D A B 21 

ltd 50 D A d 

lfdu 51 D A d 

lfdux 31 D A B 631 

lfdx 31 D A B 599 

Ifs 48 D A d 

lfsu 49 D A d 

ltsux 31 D A B 567 

lfsx 31 D A B 535 

Iha 42 D A d 

lhau 43 D A d 

lhaux 31 D A B 375 

lhax 31 D A B 343 

lhbrx 31 D A B 790 

lhz 40 D A d 

lhzu 41 D A d 

lhzux 31 D A B 311 

lhzx 31 D A B 279 
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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 

lmw 3 46 D A d 

lswi 3 31 D A NB 597 

lswx 3 31 D A B 533 

lwa 5 58 D A ds 2 

lwanc 31 D A B 20 

lwaux 5 31 D A B 373 

lwax 5 31 D A B 341 

lwbnc 31 D A B 534 

lwz 32 D A d 

lwzu 33 D A d 

lwzux 31 D A B 55 

lwzx 31 D A B 23 

mer! 19 0 

mcrfs 63 64 

mcrxr 31 512 

mfcr 31 19 

mffsx 63 583 Re 

mfmsr 1 31 83 

mfspr 2 31 339 

mfsr 1• 6 31 595 

mtsrln 1• 6 31 659 

mftb 31 371 

mtcrf 31 144 

mtfsbOx 63 70 Re 

mttsb1x 63 38 Re 

mtfsfx 63 711 Re 

mtfsfix 63 134 Re 

mtmsr 1• 6 31 146 

mtmsrd 1•5 31 178 

mtspr 2 31 467 

mtsr 1• 6 31 210 

mtsrd 1• 6 31 82 

mtsrdin 1•6 31 114 
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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 

mtsrln 1• 6 31 s B 242 

mulhdx 5 31 D A B 73 Re 

mulhdux5 31 D A B 9 Re 

mulhwx 31 D A B 75 Re 

mulhwux 31 D A B 11 Re 

mulldx 5 31 D A B 233 Re 

mum 7 D A SIMM 

mullwx 31 D A 235 Re 

nandx 31 s A 476 Re 

negx 31 D A 104 Re 

norx 31 s A B 124 Re 

orx 31 s A B 444 Re 

orcx 31 s A B 412 Re 

ori 24 s A UIMM 

oris 25 s A UIMM 

rfi 1, 6 19 50 

rfld 1•5 19 18 

rldclx 5 30 s A B mb 8 Re 

rldcrx 5 30 s A B me 9 Re 

rldicx 5 30 s A sh mb 2 sh Re 

rldiclx 5 30 s A sh mb 0 sh Re 

rldicrx 5 30 s A sh me sh Re 

rldlmix 5 30 s A sh mb 3 sh Re 

rlwimix 20 s A SH MB ME Re 

rlwinmx 21 s A SH MB ME Re 

rlwnmx 23 s A B MB ME Re 

SC 17 

slbla 1•4•5 31 

slbie 1•4•5 31 

sldx 5 31 s A B 27 Re 

slwx 31 s A B 24 Re 

sradx 5 31 s A B 794 Re 

sradix 5 31 s A sh 413 sh Re 
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Name o 

srawx 

srawix 

srdx 5 

srwx 

stb 

stbu 

stbux 

stbx 

std 5 

stdcx. 5 

stdu 5 

stdux 5 

stdx 5 

stf d 

stfdu 

stfdux 

stfdx 

stfiwx 

stfs 

stfsu 

stfsux 

stfsx 

sth 

sthbrx 

sthu 

sthux 

sthx 

stmw 3 

stswi 3 

stswx 3 

stw 

stwbrx 

stwcx. 

MOTOROLA 

31 

31 

31 

31 

38 

39 

31 

31 

62 

31 

62 

31 

31 

54 

55 

31 

31 

31 

52 

53 

31 

31 

44 

31 

45 

31 

31 

47 

31 

31 

36 

31 

31 

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 

s A B 792 Re 

s A SH 824 Re 

s A B 539 Re 

s A B 536 Re 

s A d 

s A d 

s A B 247 ~ 
s A B 215 

s A ds I 0 

s A B 214 1 

s A ds l 1 

s A B 181 

s A B 149 

s A d 

s A d 

s A B 759 

s A B 727 

s A B 983 

s A d 

s A d 

s A B 695 ~ 
s A B 663 

s A d 

s A B 918 I!~: 
s A d 

s A B 439 ~'l 
s A B 407 ~ 
s A d 

s A NB 725 '.J 
s A B 661 oj 
s A d 

s A B 662 

s A B 150 1 
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Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

stwu 37 s 
stwux 31 s 

stwx 31 s 
subfx 31 D 

subfcx 31 D 

subfex 31 D 

subfic 08 D 

subfmex 31 D 

subfzex 31 

sync 31 

td 5 31 

tlbsync1·4 31 

tw 31 

twi 03 TO 

xorx 31 s 
xori 26 s 

xoris 27 s 

1 Supervisor-level instruction 
2 Supervisor- and user-level instruction 
3 Load and store string or multiple instruction 
4 Optional instruction 
5 64-bit instruction 

A 

A B 

A B 

A B 

A B 

A B 

A 

A 

A 

A B 

A 

A 

22 23 24 25 26 27 28 29 30 31 

d 

183 

151 

40 Re 

8 Re 

136 Re 

SIMM 

232 Re 

200 

598 

68 

566 

4 

SIMM 

316 Re 

UIMM 

UIMM 
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A.2 Instructions Sorted by Opcode 
Table A-2 lists the 620 instruction set sorted in numeric order by opcode, including those 
PowerPC instructions not implemented by the 620. 

Key: 

0 Reserved bits • Instruction not implemented in the 620 

Table A-2. Complete Instruction List Sorted by Opcode 

Name 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 

tdi 5 000010 TO 

twi 000011 TO 

mulli 000111 D 

subfic 001000 D 

cmpli 0 0 1 0 1 0 crfD 
1--~~~~--+~~-

c mp I 001011 crfD 
1--~~~~--+~~-

a d di c 001100 

addle. 

addi 

add ls 

001101 

001110 

0 0 1 1 1 1 

hex 010000 

SC 010001 

bx 010010 

mcrf 

bclrx 

rfid 1• 5 

crnor 

rfi 1, 6 

crandc 

isync 

crxor 

crnand 

crand 

creqv 

crorc 

cror 

010011 

0 100 11 

010011 

0 100 11 

0 100 11 

010011 

010011 

0 100 11 

010011 

0100 1 1 

010011 

0 100 11 

010011 

D 

D 

D 

D 

crbD 

crbD 

crbD 

crbD 

crbD 

A 

A 

A 

A 

L A 

L A 

A 

A 

A 

A 

crbA crbB 

crbA crbB 

crbA crbB 

crbA crbB 

crbA crbB 
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SIMM 

SIMM 

SIMM 

SIMM 

UIMM 

SIMM 

SIMM 

SIMM 

SIMM 

SIMM 

0000000000 

0000010000 

0000010010 

0000100001 

0000110010 

0010000001 

0010010110 

0011000001 

0011100001 

0100000001 

0100100001 

0110100001 

0111000001 
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Name o 

bcctrx 

rlwimix 

rlwinmx 

rlwnmx 

ori 

oris 

xori 

xoris 

andi. 

and is. 

rldiclx5 

rldicrx 5 

rldlcx 5 

rldimix 5 

rldc!x 5 

rldcrx 5 

cmp 

tw 

subfcx 

mulhdux 5 

add ex 

mulhwux 

mfcr 

lwarx 

ldx 5 

lwzx 

slwx 

cntlzwx 

sldx 5 

andx 

cmpl 

subfx 

ldux 5 

MOTOROLA 

010011 

010100 

010101 

010111 

011 000 

0 1100 1 

011010 

011011 

011100 

011101 

011110 

0 1 1 11 0 

0 1 1 1 1 0 

01111 0 

0 1 1 11 0 

0 1 1 11 0 

0 1 1 11 1 

0 1 1 1 1 1 

0 1 1 1 1 1 

0 1 1 1 1 1 

0 1 1 1 1 1 

0 1 1 1 11 

0 1 1 1 1 1 

0 1 1 11 1 

0 1 1 11 1 

0 1 1 1 1 1 

0 1 1 1 1 1 

0 1 1 1 1 1 

0 1 1 1 1 1 

011111 

0 1 1 1 1 1 

011111 

0 1 1 1 1 1 

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 

BO Bl 'i.:'.!J~'.~g~}1 1000010000 LK 

s A SH MB ME Re 

s A SH MB ME Re 

s A B MB ME Re 

s A UIMM 

s A UIMM 

s A UIMM 

s A UIMM 

s A UIMM 

s A UIMM 

s A sh mb 000 sh Re 

s A sh me 001 sh Re 

s A sh mb 010 sh Re 

s A sh mb 0 1 1 sh Re 

s A B mb 01000 Re 

s A B me 01001 Re 

erfD • L A B 0000000000 

TO A B 0000000100 

D A B 0000001000 Re 

D A B 0000001001 Re 

D A B 0000001010 Re 

D A B 0000001011 Re 

D 0000010011 

D A B 0000010100 

D A B 0000010101 
' 

D A B 0000010111 

s A B 0000011000 Re 

s A - 0000011010 Re 

s A B 0000011011 Re 

s A B 0000011100 Re 

erfD L A B 0000100000 ~-D A B ~ 0000101000 Re 

D A B 0000110101 ~i~ 
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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 

dcbst 011111 A B 0000110110 

lwzux 011111 D A B 0000110111 

cntlzdx 5 011111 s A 0000111010 Re 

andcx 011111 s A B 0000111100 Re 

td 5 0 1 1 1 1 1 TO A B 0001000100 

mulhdx 5 011 1 1 1 D A B 0001001001 Re 

mulhwx 0 1 1 1 1 1 D A B 0001001011 Re 

mtsrd 1• 6 0 1 1 1 1 1 0001010010 

mfmsr 1 0 1 1 1 1 1 0001010011 

ldarx 5 0 1 1 1 1 1 0001010100 

dcbf 0 1 1 1 1 1 0001010110 

lbzx 0 1 1 1 1 1 0001010111 

negx 0 1 1 1 1 1 0001101000 Re 

mtsrdln 1•6 0 1 1 1 1 1 0001110010 

lbzux 0 1 1 1 1 1 0001110111 

norx 0 1 1 1 1 1 0001111100 Re 

subfex 0 1 1 1 1 1 0010001000 Re 

add ex 0 1 1 1 1 1 0010001010 Re 

mtcrf 0 1 1 1 1 1 0010010000 

mtmsr 1• 6 0 1 1 1 1 1 0010010010 

stdx 5 0 1 1 1 1 1 0010010101 

stwcx. 0 1 1 1 1 1 0010010110 

stwx 0 1 1 1 1 1 0010010111 

mtmsrd 1· 5 0 1 1 1 1 1 0010110010 

stdux 5 0 1 1 1 1 1 0010110101 

stwux 011111 0010110111 

subfzex 0 1 1 1 1 1 0011001000 Re 

addzex 011111 0011001010 Re 

mtsr 1• 6 0 1 1 1 1 1 0011010010 

stdcx. 5 011 1 1 1 0011010110 

stbx 0 1 1 1 1 1 0011010111 

subfmex 011111 0011101000 Re 

mulld 5 0 1 1 1 1 1 0011101001 Re 
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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 

addmex 011111 0011101010 Re 

mullwx 011111 0011101011 Re 

mtsrin 1· 6 011111 0011110010 

dcbtst 011111 0011110110 

stbux 011111 0011110111 

addx 011111 0100001010 

debt 011111 0100010110 

lhzx 011111 0100010111 

eqvx 011111 0100011100 

tlbie 1•4 011111 0100110010 

eciwx 011111 D A B 0100110110 

lhzux 011111 D A B 0100110111 

xorx 011111 s A B 0100111100 

mfspr 2 011111 D 0101010011 

!wax 5 011111 0 A B 0101010101 

lwaux 5 011111 D A B 0101110101 

lhaux 011111 D A B 0101110111 

sthx 011111 s A B 0110010111 

orcx 011111 s A B 0110011100 

sradix 5 011111 s A sh 1100111011 

slbie 1•4•5 011111 B 0110110010 

ecowx 011111 s A B 0110110110 

sthux 011111 s A B 0110110111 

orx 011111 s A B 0110111100 Re 

divdux 5 011111 D A B 0111001001 Re 

divwux 011111 D A B 0111001011 Re 

mtspr 2 011111 s spr 0111010011 

dcbi 1 011111 A B 0111010110 

nandx 011111 s A B 0111011100 Re 

divdx 5 011111 D A B 0111101001 Re 
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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 

divwx 011111 0111101011 Re 

slbia 1·4•5 011111 0111110010 

mcrxr 011111 1000000000 

lswx 3 011111 D A B 1000010101 

lwbrx 011111 D A B 1000010110 

lfsx 011111 D A B 1000010111 

srwx 011111 s A B 1000011000 Re 

srdx 4 011111 s A B 1000011011 Re 

tlbsync 1·4 011111 1000110110 

lfsux 011111 1000110111 

mfsr 1• 6 011111 1001010011 

lswi 3 011111 1001010101 

sync 011111 1001010110 

lfdx 011111 1001010111 

lfdux 011111 1001110111 

mfsrin 1· 6 011111 1010010011 

stswx 3 0 1 1 1 1 1 s A B 1010010101 

stwbrx 0 1 1 1 1 1 s A B 1010010110 

stfsx 011111 s A B 1010010111 

stfsux 011111 s A B 1010110111 

stswi 3 011111 s A NB 1011010101 

stfdx 011111 s A B 1011010111 

dcba 4 31 A B 1011110110 

stfdux 011111 s A B 1011110111 

lhbrx 011111 D A B 1100010110 

srawx 0 1 1 1 1 1 s A B 1100011000 Re 

sradx 5 0 1 1 1 1 1 s A B 1100011010 Re 

srawix 011111 s A SH 1100111000 Re 

eieio 011111 1101010110 

sthbrx 011111 1110010110 

extshx 0 1 1 1 1 1 1110011010 Re 

extsbx 011111 1110111010 Re 

icbi 0 1 1 1 1 1 1111010110 
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Name o 

stfiwx 

extsw 5 

dcbz 

lwz 

lwzu 

lbz 

lbzu 

stw 

stwu 

stb 

st bu 

lhz 

lhzu 

Iha 

lhau 

sth 

sthu 

lmw 3 

stmw 3 

Ifs 

lfsu 

lfd 

lfdu 

stfs 

stf su 

stfd 

stfdu 

Id 5 

ldu 5 

lwa 5 

fdivsx 

fsubsx 

faddsx 
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0 1 1 1 1 1 

0 1 1 1 1 1 

011111 

100000 

100001 

100010 

100011 

100100 

100101 

100110 

100111 

101000 

101001 

101010 

1 0 1 0 1 1 

101100 

101101 

101 1 1 0 

1 0 1 1 1 1 

110000 

110001 

110010 

1 100 1 1 

110100 

110101 

110110 

110111 

111010 

111010 

111010 

111011 

1 1 1 0 1 1 

1 1 1 0 1 1 

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 

s A B 1111010111 i~ 
s A 00000 1111011010 Re 

I 000.00 I A B 1111110110 Le_ 
D A d 

D A d 

D A d 

D A d 

s A d 

s A d 

s A d 

s A d 

D A d 

D A d 

D A d 

D A d 
"---

s A d 

s A d 

D A d 

s A d 

D A d 

D A d 

D A d 

D A d 

s A d 

s A d 

s A d 

s A d 

D A ds 00 

D A ds 0 1 

D A ds 1 0 

D A B 100 1 0 Re 

D A B 1 0 1 0 0 Re 

D A B 1 0 1 0 1 Re 
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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 

fsqrtsx 4 111011 D 1 0 1 1 0 Re 

fresx 4 111011 D 1 100 0 Re 

fmulsx 111011 D 1 1 0 0 1 Re 

fmsubsx 111011 D A B c 1 1 1 0 0 Re 

fmaddsx 111011 D A B c 1 1 1 0 1 Re 

fnmsubsx 111011 D A B c 1 1 1 1 0 Re 

fnmaddsx 111011 D A B c 1 1 1 1 1 Re 

std 5 111110 s A ds 00 

stdu 5 111110 s A ds 0 1 

fcmpu 111111 erfD B 0000000000 

frspx 111111 D B 0000001100 Re 

fctiwx 1 1 1 1 1 1 D B 0000001110 

fctiwzx 111111 D Re 

fdivx 111111 D 100 1 0 Re 

fsubx 111111 D 10100 Re 

faddx 1 1 1 1 1 1 D 10101 Re 

fsqrtx 4 1 1 1 1 1 1 D 1 0 1 1 0 Re 

fselx 4 1 1 1 1 1 1 D 1 0 1 1 1 Re 

fmulx 1 1 1 1 1 1 D 1 1 0 0 1 Re 

frsqrtex 5 1 1 1 1 1 1 D 1 1 0 1 0 Re 

fmsubx 1 1 1 1 1 1 D A B c 1 1 1 0 0 Re 

fmaddx 1 1 1 1 1 1 D A B c 1 1 1 0 1 Re 

fnmsubx 111111 D A B c 1 1 1 1 0 Re 

fnmaddx 1 1 1 1 1 1 D A B c 1 1 1 1 1 Re 

fem po 1 1 1 1 1 1 erfD 0000100000 

mtfsb1x 111111 0000100110 

fnegx 111111 D 0000101000 

mcrfs 111111 erfD 0001000000 

mtfsbOx 111111 0001000110 Re 

fmrx 111111 D 0001001000 Re 

mtfsfix 111111 crfD 0010000110 Re 

fnabsx 111111 D 0010001000 Re 

fabsx 1 1 1 1 1 1 D 0100001000 Re 
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

mffsx 1 1 1 1 1 1 D 

mtfstx 1 1 1 1 1 1 :Q 

fctidx 5 1 1 1 1 1 1 D 

fctidzx 5 1 1 1 1 1 1 D 

fcfldx 5 1 1 1 1 1 1 D · <o'tt#o'p: 

1 Supervisor-level instruction 
2 Supervisor- and user-level instruction 
3 Load and store string or multiple instruction 
4 Optional instruction 
5 64-bit instruction 
6 Optional 64-bit bridge instruction 

B 

B 
'·,.!) 

B ·)' 
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22 23 24 25 26 27 28 29 30 31 

1001000111 Re 

1011000111 Re 

1100101110 Re 

1100101111 Re 

1101001110 Re 
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A.3 Instructions Grouped by Functional Categories 
Table A-3 through Table A-30 list the 620 instructions grouped by function, as well as the 
PowerPC instructions not implemented in the 620. 

Key: 

D Reserved bits • Instruction not implemented in the 620 

Name o 

addx 

addcx 

addex 

add I 

addle 

addle. 

add is 

addmex 

addzex 

divdx 5 

divdux5 

divwx 

divwux 

mulhdx5 

mulhdux5 

mulhwx 

mulhwux 

A-18 

mulld 5 

mum 

mullwx 

negx 

subfx 

subfcx 

31 

31 

31 

14 

12 

13 

15 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

07 

31 

31 

31 

31 

Table A-3. Integer Arithmetic Instructions 

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 

D A B p~ 266 Re 

D A B p~ 10 Re 

D A B p~ 138 Re 

D A SIMM 

D A SIMM 

D A SIMM 

D A SIMM 

D A 

• 
234 Re 

D A 202 Re 

D A 489 Re 

D A B PE1 457 Re 

D A B p~ 491 Re 

D A B P9 459 Re 

D A B 73 Re 

D A B 9 Re 

D A B 75 Re 

D A B 11 Re 

D A B 233 Re 

D A SIMM 

D A - 235 Re 

D A 104 Re 

D A B PE1 40 Re 

D A B p~ 8 Re 
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subficx 08 D A SIMM 

subfex 31 D A B PE 136 Re 

subfmex 31 D A I 000().0 p~ 232 Re 

subfzex 31 D A 2 00.00 p~ 200 Re 

Table A-4. Integer Compare Instructions 

Name 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 

cmp 31 erfD L A B 

cm pi 11 erfD L A 

cmpl 31 erfD L A B 
f-----t---iil--+--t------t------'-----------~ 

cmpli 10 erfD L A UIMM 

Table A-5. Integer Logical Instructions 

Name 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 

andx 31 s A B 28 Re 

andcx 31 s A B 60 Re 
>-----+-------+-------- ____ ____________J --------------'----J 

andi. 

andis. 

cntlzdx 5 

nandx 

norx 

orx 

orcx 

ori 

or is 

xorx 

xori 

xoris 

MOTOROLA 

28 S A UIMM 

29 S A UIMM 

Re 

31 B 476 Re 

31 S A B 124 Re 

31 S A B 444 Re 

31 S A B 412 Re 

24 s A UIMM 

25 s A UIMM 

31 s A B 316 Re 

26 s A UIMM 

27 s A UIMM 
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Name o 

rldclx 5 

rldcrx 5 

rldicx 5 

rldiclx 5 

rldicrx 5 

rldimix 5 

rlwimlx 

rlwinmx 

rlwnmx 

Name o 

sldx 5 

slwx 

sradx 5 

sradix 5 

srawx 

srawix 

srdx 5 

srwx 

Name 0 

faddx 

faddsx 

fdivx 

fdivsx 

fmulx 

tmulsx 

fresx 4 

frsqrtex 4 

fsubx 

A-20 

30 

30 

30 

30 

30 

30 

22 

20 

21 

31 

31 

31 

31 

31 

31 

31 

31 

63 

59 

63 

59 

63 

59 

59 

63 

63 

Table A-6. Integer Rotate Instructions 

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 

s A B mb 8 Re 

s A B me 9 Re 

s A sh mb 2 sh Re 

s A sh mb 0 sh Re 

s A sh me 1 sh Re 

s A sh mb 3 sh Re 

s A SH MB ME Re 

s A SH MB ME Re 

s A SH MB ME Re 

Table A-7. Integer Shift Instructions 

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 

s A B 27 Re 

s A B 24 Re 

s A B 794 Re 

s A sh 413 }sh Re 

s A B 792 Re 

s A SH 824 Re 

s A B 539 Re 

s A B 536 Re 

Table A-8. Floating-Point Arithmetic Instructions 

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 

D 21 Re 

D 21 Re 

D 18 Re 

D 18 Re 

D 25 Re 

D 25 Re 

D 24 Re 

D 26 Re 

D 20 Re 
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fsubsx 

fselx 4 

fsqrtx 4 

fsqrtsx 4 

59 

63 

63 

59 

D A 

D A 

D 00000 

D ooooi:l 

B 00000 20 Re 

B c 23 Re 

B 00000 22 Re 

B 00000 22 Re 

Table A-9. Floating-Point Multiply-Add Instructions 

Name o 5 6 7 8 9 1 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

fmaddx 63 D A B c 29 Re 

fmaddsx 59 D A B c 29 Re 

fmsubx 63 D A B c 28 Re 

fmsubsx 59 D A B c 28 Re 

fnmaddx 63 D A B c 31 Re 

fnmaddsx 59 D A B c 31 Re 

fnmsubx 63 D A B c 30 Re 

fnmsubsx 59 D A B c 30 Re 

Table A-10. Floating-Point Rounding and Conversion 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 

fcfidx 5 63 D I' . 00000:'' B 846 Re 

fctidx 5 63 D I' 00 OO'O' '·. B 814 Re 

fctidzx 5 63 D ,.0·900;0 '· B 815 Re 

fctiwx 63 D ,, JfOOOO B 14 Re 
. ·: ;·~ 

fctiwzx 63 D o:cioo.o B 15 Re 

frspx 63 D t1i:l:ooo B 12 Re 

Table A-11. Floating-Point Compare Instructions 

Name 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 

rempo~~-6-3~-+-~~-+--...,.-+-~~~~-+-~~~~-+-~~~~~~~~~--!'"'"1 
fcmpu 63 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

erfD 

1::1 
A B 32 

~l erto A B 0 
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Table A-12. Floating-Point Status and Control Register Instructions 

Name 0 

mcrfs 

mffsx 

mHsbOx 

mHsb1x 

mffsfx 

mHsflx 

Name o 

lbz 

lbzu 

lbzux 

lbzx 

Id 5 

ldu 5 

ldux 5 

ldx 5 

Iha 

lhau 

lhaux 

lhax 

lhz 

lhzu 

lhzux 

lhzx 

lwa 5 

lwaux 5 

lwax 5 

lwz 

lwzu 

lwzux 

lwzx 

A-22 

63 

63 

63 

63 

31 

63 

34 

35 

31 

31 

58 

58 

31 

31 

42 

43 

31 

31 

40 

41 

31 

31 

58 

31 

31 

32 

33 

31 

31 

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 

64 

583 Re 

70 Re 

38 Re 

711 Re 

134 Re 

Table A-13. Integer Load Instructions 

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 

D A d 

D A d 

D A B 119 

D A B 87 

D A ds 0 

D A ds 1 

D A B 53 

D A B 21 

D A d 

D A d 

D A B 375 

D A B 343 

D A d 

D A d 

D A B 311 

D A B 279 

D A ds 2 

D A B 373 

D A B 341 

D A d 

D A d 

D A B 55 

D A B 23 
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Name o 

stb 

st bu 

stbux 

stbx 

std 5 

stdu 5 

stdux 5 

stdx 5 

sth 

sthu 

sthux 

sthx 

stw 

stwu 

stwux 

stwx 

38 

39 

31 

31 

62 

62 

31 

31 

44 

45 

31 

31 

36 

37 

31 

31 

Table A-14. Integer Store Instructions 

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 

s A d 

s A d 

s A B 247 0 

s A B 215 0 

s A ds 0 

s A ds 1 

s A B 181 >I 

s A B 149 
! 01 

s A d 

s A d 

s A B 439 16 
s A B 407 [qj 
s A d 

s A d 

s A B 183 iOl 
s A B 151 161 

Table A-15. Integer Load and Store with Byte Reverse Instructions 

Name 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 31 D A B 790 f o 
lwbrx 31 D A B 534 () 

sthbrx 31 s A B 918 p 
stwbrx 31 s A B 662 Jf 

Table A-16. Integer Load and Store Multiple Instructions 

Name 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 

MOTOROLA Appendix A. PowerPC Instruction Set Listings A-23 



Name o 

lswi 3 

lswx 3 

stswi 3 

stswx 3 

Name 

eieio 

isync 

ldarx 5 

lwarx 

stdcx.5 

stwcx. 

sync 

Name 

lfd 

lfdu 

lfdux 

lfdx 

Ifs 

lfsu 

lfsux 

lfsx 

0 

0 

Name o 

stfd 

stfdu 

stfdux 

stfdx 

A-24 

Table A-17. Integer Load and Store String Instructions 

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 

31 D A NB 597 1:~; 

31 D A B 533 ~ 
31 s A NB 725 1fil 
31 s A B 661 I~ 

Table A-18. Memory Synchronization Instructions 

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 

31 854 

19 150 

31 D A B 84 

31 D A B 20 

31 s A B 214 

31 s A B 150 

31 598 

Table A-19. Floating-Point Load Instructions 

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 

50 D A d 

51 D A d 

31 D A B 631 ,~;i 

31 D A B 599 illBl 
48 D A d 

49 D A d 

31 D A B 567 Jl~J 
31 D A B 535 ~!~;] 

Table A-20. Floating-Point Store Instructions 

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 

54 s A d 

55 s A d 

31 s A B 759 lrnir 
31 s A B 727 

1rwrn 
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stfiwx 31 s A B 983 0 

stfs 52 s A d 

stfsu 53 s A d 

stfsux 31 s A B 695 0 

stfsx 31 s A B 663 b 

Table A-21. Floating-Point Move Instructions 

Name 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 

fabsx 63 D 00000 B 264 Re 

fmrx 63 D 00000 B 72 Re 

fnabsx 63 D OOOOo. B 136 Re 

fnegx 63 D I 00000 B 40 Re 

Table A-22. Branch Instructions 

Name 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 

bx 18 LI AALK 

bcx 16 BO Bl BD AALK 

bcctrx 19 BO Bl 528 LK 

bclrx 19 BO Bl 16 LK 

Table A-23. Condition Register Logical Instructions 

Name 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 

crand 19 erbD erbA erbB 257 

crandc 19 erbD erbA erbB 129 0 

creqv 19 erbD erbA erbB 289 

crnand 19 erbD erbA erbB 225 0 

crnor 19 erbD erbA erbB 33 

cror 19 erbD erbA erbB 449 

er ore 19 erbD erbA crbB 417 

crxor 19 erbD erbA erbB 193 0 

mcrf 19 
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Name o 

rfi 1· 6 19 

rfid 1· 5 19 

SC 17 

Name o 

td 5 

tdi 5 

tw 

twi 

Name 

mcrxr 

mfcr 

mfmsr 1 

mfspr 2 

mftb 

mtcrf 

mtmsr 1· 6 

mtmsrd 1· 5 

mtspr 2 

Name 0 

dcba 4 

dcbf 

dcbi 1 

dcbst 

debt 

A-26 

31 

03 

31 

03 

0 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

Table A-24. System Linkage Instructions 

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 

Table A-25. Trap Instructions 

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 

TO A B I 68 II~~ 
TO A SIMM 

TO A B l 4 Iii! 
TO A SIMM 

Table A-26. Processor Control Instructions 

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 

crfS 512 

D 19 

D 83 

D 339 

D 371 

s 144 

s 146 

s 178 

D 467 

Table A-27. Cache Management Instructions 

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 

A B 758 

A B 86 

A B 470 

A B 54 

A B 278 
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dcbtst 

dcbz 

icbi 

Name 

mfsr 1· 6 

mfsrin 1• 6 

0 

31 A B 246 

31 A B 1014 

31 A B 982 

Table A-28. Segment Register Manipulation Instructions 

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 

31 D 595 

31 

mtsr 1· 6 31 S 210 

mtsrd 1· 6 31 S 82 
1--~~-+~~~~~~,,,,,,,,~~~~~~9-~~~~~~~~--1--'~ 

mtsrdin 1· 6 31 S 114 

mtsrin 1· 6 31 s 242 

Table A-29. Lookaside Buffer Management Instructions 

Name 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 

tlbsync1.4 31 566 

Table A-30. External Control Instructions 

Name 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 

eciwx~~-3_1~--+~~~~~+-~~~~--+~~~~~+-~~~~~~~~~~+.~ 
ecowx. 31 

D A B 310 

l;J1I s A B 438 

1 Supervisor-level instruction 
2 Supervisor- and user-level instruction 
3 Load and store string or multiple instruction 
4 Optional instruction 
5 64-bit instruction 
6 Optional 64-bit bridge instruction 
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A.4 Instructions Sorted by Form 
Table A-31 through Table A-45 list the 620 instructions grouped by form, including those 
PowerPC instructions not implemented in the 620. 

Key: 

0 Reserved bits • Instruction not implemented in the 620 

Table A-31. I-Form 

OPCD LI IAAILKI 
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 

bxl 18 LI IAAILKI 

Table A-32. B-Form 

OPCD BO Bl BD IAAILKI 

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 

bcxl 16 BO Bl BD IAAILKI 

Table A-33. SC-Form 

OPCD 

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 

Table A-34. D-Form 

OPCD D A d 

OPCD D A SIMM 

OPCD s A d 

OPCD s A UIMM 

OPCD crfD lf~r L A SIMM 

OPCD crfD !i~ L A UIMM 

OPCD TO A SIMM 
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Name o 

addi 

addic 

addic. 

add is 

andi. 

and is. 

cm pi 

cmpli 

lbz 

lbzu 

ltd 

lfdu 

Ifs 

lfsu 

Iha 

lhau 

lhz 

lhzu 

lmw 3 

lwz 

lwzu 

mulli 

ori 

oris 

stb 

stbu 

stfd 

stfdu 

stfs 

stfsu 

sth 

sthu 

stmw 3 

MOTOROLA 

14 

12 

13 

15 

28 

29 

11 

10 

34 

35 

50 

51 

48 

49 

42 

43 

40 

41 

46 

32 

33 

7 

24 

25 

38 

39 

54 

55 

52 

53 

44 

45 

47 

Specific Instructions 

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 

D A SIMM 

D A SIMM 

D A SIMM 

D A SIMM 

s A UIMM 

s A UIMM 

crfD Q; L A SIMM 

crfD I:~, L A UIMM 

D A d 

D A d 

D A d 

D A d 

D A d 

D A d 

D A d 

D A d 

D A d 

D A d 

D A d 

D A d 

D A d 

D A SIMM 

s A UIMM 

s A UIMM 

s A d 

s A d 

s A d 

s A d 

s A d 

s A d 

s A d 

s A d 

s A d 
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stw 

stwu 

subfic 

tdi 5 

twi 

xori 

xoris 

Name o 

A-30 

Id 5 

ldu 5 

lwa 5 

std 5 

stdu 5 

36 

37 

08 

02 

03 

26 

27 

OPCD 

OPCD 

58 

58 

58 

62 

62 

OPCD 

OPCD 

OPCD 

OPCD 

OPCD 

OPCD 

OPCD 

OPCD 

OPCD 

OPCD 

OPCD 

OPCD 

OPCD 

OPCD 

s A d 

s A d 

D A SIMM 

TO A SIMM 

TO A SIMM 

s A UIMM 

s A UIMM 

Table A-35. OS-Form 

D A ds 

s A ds 

Specific Instructions 

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 

D A ds 0 

D A ds 1 

D A ds 2 

s A ds 0 

s A ds 1 

Table A-36. X-Form 

D A B XO 6 

D A NB XO 6 

D :.Loo o 0.9. B XO (); 

D •• 00600 ooaoo .! XO 0 _{_ ·· ......... 

D 'o1 SR .b OOO!O · .•• XO ( 
s A B XO Re 

s A B XO 

s A B XO 9 
s A NB XO ··.~. 
s A ]:0900 XO Re 

s ~ o6~•qo .• J B XO .o 
s I ooo o:o : .. .. 00009 XO cL 
s @l SR o\J oo:o 

_!_: .: • c:..'. 
XO /Q,·I 

s A SH XO Re 
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OPCD crfD oJL A B XO 0 

OPCD crfD 00 A B XO 0 

OPCD crfD 00 cr!S Ioo 00000 XO 0 

OPCD crfD 00 00000 00000 XO 0 

OPCD crfD 00 00000 IMM Io XO Re 

OPCD TO A B XO 0 

OPCD D 00000 B XO Re 

OPCD D 00000 I o.ooo 0 XO Re 

OPCD crbD 00000 I otroo o XO Re 

OPCD 0 0.00 0 A B XO 0 

OPCD 00000 00000· B XO OJ 
OPCD 00000 00000: :: bdooo· ·· XO 0 

Specific Instructions 

andx 31 s A B 28 Re 

andcx 31 s A B 60 Re 

cmp 31 crfD o L A B o 'o 
1---------il--------i~-----i-------1-------1-----------+--< 

cmpl 31 crfD 0 L A B 32 .0 
entlzdx 5 r---3-1 --+---s~~-+---A---+-.-•·o~.O~iJ~O-a-··~""".:-t· -----58---------tR"--tc 

cntlzwx 

deba 4 

debt 

debi 1 

debst 

debt 

dcbtst 

debz 

eciwx 

eeowx 

eieio 

31 s A o·oooo 
31 00000 A B 

31 00()00 A B 

31 00000 A B 

31 00000 A B 

31 00000 A B 

31 I <:HlOOO A B 

31 OQOQO A B 

31 D A B 

31 s A B 

eqvx 31 S A B 

26 Re 

758 0 

86 

470 0 

54 

278 

246 

1014 0 

310 0 

438 0 

854 0 

284 Re 
1---------<-------1-------1-------+-----------+---< 

extsbx 31 S 954 Re 

extshx 31 s 922 Re 

extswx 5 31 s 986 Re 

fabsx 63 D 264 Re 
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A-32 

fcfidx 5 

fem po 

fcmpu 

fctidx 5 

fctidzx 5 

fctiwx 

fctiwzx 

fmrx 

fnabsx 

fnegx 

frspx 

icbi 

lbzux 

lbzx 

ldarx 5 

ldux 5 

ldx 5 

lfdux 

lfdx 

lfsux 

lfsx 

lhaux 

lhax 

lhbrx 

lhzux 

lhzx 

lswi 3 

lswx 3 

lwarx 

lwaux 5 

lwax 5 

lwbrx 

lwzux 

lwzx 

mcrts 

63 

63 

63 

63 

63 

63 

63 

63 

63 

63 

63 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

63 

D f (fofoo .: B 846 Re 

erfD oo· A B 32 0 

erfD ~ A B 0 0 

D I··· 00060 d '..C .... __c: 
B 814 Re 

D • •O O·O.Qoc.• B 815 Re 

D oodoor B 14 Re 

D F ·.·~ B 15 Re o.o.o :_{ 
D t~ B 72 Re 

D fw odooa < B 136 Re ... ·. -"-
D I 0060.a B 40 Re 

D 0000.0 B 12 Re 

ooooa·•• A B 982 0 

D A B 119 0 

D A B 87 0 

D A B 84 0 

D A B 53 0 

D A B 21 0 

D A B 631 0 

D A B 599 0 

D A B 567 0 

D A B 535 0 

D A B 375 0 

D A B 343 0 

D A B 790 0 

D A B 311 0 

D A B 279 0 

D A NB 597 0 

D A B 533 0 

D A B 20 0 

D A B 373 0 

D A B 341 0 

D A B 534 0 

D A B 55 0 

D A B 23 0 

oo 
. 

Too ·: a.oo.a.S erfD erfS 64 0 
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mcrxr 

mfcr 

mffsx 

mfmsr 1 

mfsr 1· 6 

mfsrin 1• 6 

mtfsbOx 

mtfsb1x 

mtfsfix 

mtmsr 1· 6 

mtmsrd 1· 5 

mtsr 1• 6 

mtsrd 1• 6 

mtsrin 1· 6 

mtsrdin 1• 6 

nandx 

norx 

orx 

orcx 

slbia l.4,5 

slbie l.4.5 

sldx 5 

slwx 

sradx 5 

srawx 

srawix 

srdx 5 

srwx 

stbux 

st bx 

stdcx. 5 

stdux 5 

stdx 5 

stfdux 

stfdx 
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31 

31 

63 

31 

31 

31 

63 

63 

63 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

erfD Too 00000 00000 

D ClOOOO ClO 0 00 ..... 

D 00000 00000 

D 00000 00000 

D 0 SR 00000 

D 00000 B 

erbD 00000 00000 

erfD 00000 000.00 

erbD 100 00000 IMM Io 
s 00000 .::.~P9f: 
s 00000 00000' 

s 0 SR 
' . . ' 

!· O(l~OO, 

s 0 SR 00000 . 
~ 

s · o.oood B 

s 00000 .. · B 

s A B 

s A B 

s A B 

s A B 

t ocooo,o:·i 00000, 00000[; ! 
'•'' ~ 00,00(l irooo'o B 

s A B 

s A B 

s A B 

s A B 

s A SH 

s A B 

s A B 

s A B 

s A B 

s A B 

s A B 

s A B 

s A B 

s A B 
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512 0 

19 0 

583 Re 

83 0 

595 0 

659 0 

70 Re 

38 Re 

134 Re 

146 13 
178 l:tf 
210 Cl 

82 '{)' 

242 :n: 

114 .o 

476 Re 

124 Re 

444 Re 

412 Re 

498 •0; 

434 a 
27 Re 

24 Re 

794 Re 

792 Re 

824 Re 

539 Re 

536 Re 

247 /J 

215 0 

214 1 

181 10: 

149 ~·· 759 • ~i 

727 ~· 
A-33 



stflwx 31 s A B 983 

stfsux 31 s A B 695 

stfsx 31 s A B 663 

sthbrx 31 s A B 918 

sthux 31 s A B 439 

sthx 31 s A B 407 

stswi 3 31 s A NB 725 

stswx 3 31 s A B 661 

stwbrx 31 s A B 662 

stwcx. 31 s A B 150 

stwux 31 s A B 183 

stwx 31 s A B 151 

sync 31 598 

tlbsync1•4 31 566 

tw 31 4 

xorx 31 316 Re 

Table A-37. XL-Form 

OPCD XO LK 

OPCD XO 

OPCD XO 

OPCD XO 

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 

bcctrx 19 BO Bl 528 LK 

bclrx 19 BO Bl 16 LK 

crand 19 crbD crbA crbB 257 

crandc 19 crbD crbA crbB 129 

creqv 19 crbD crbA crbB 289 

crnand 19 i;rbD crbA crbB 225 

crnor 19 crbD crbA crbB 33 

A-34 PowerPC 620 RISC Microprocessor User's Manual MOTOROLA 



cror 

crorc 

crxor 

isync 

mcrf 

rfi 1, 6 

rfid 1· 5 

Name o 

mfspr 2 

mftb 

mtcrf 

mtspr 2 

Name 0 

mtfstxj 

Name 0 

sradix 5 j 

MOTOROLA 

19 

19 

19 

19 

19 

19 

19 

OPCD 

OPCD 

OPCD 

OPCD 

31 

31 

31 

31 

OPCD 

63 

OPCD 

31 

crbD crbA crbB 449 0 

crbD crbA crbB 417 0 

crbD crbA crbB 193 0 

00000 00000 00000 150 0 

cr!D J 00 crfS J 0 0 00000 0 0 

00000 00000 00000 50 0 

00000 00000 00000 18 0 

Table A-38. XFX-Form 

D spr XO 0 

D oJ CRM Jo XO 0 

s spr XO 0 

D tbr XO 0 

Specific Instructions 

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 

D spr 339 0 
D tbr 371 © 
s oI CRM 1~ 144 0 

coo 

D spr 467 6 

Table A-39. XFL-Form 

!oj FM joj B XO jRcj 

Specific Instructions 

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 

I 0 I FM joj B 711 jRcl 

Table A-40. XS-Form 

s A sh XO jshjRcl 

Specific Instructions 

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 

s A sh 413 jshjRcj 
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Name o 

addx 

addcx 

addex 

addmex 

addzex 

divdx 5 

divdux 5 

divwx 

divwux 

mulhdx 5 

mulhdux 5 

mulhwx 

mulhwux 

mulldx 5 

mullwx 

negx 

subfx 

subfcx 

subfex 

subfmex 

subfzex 

A-36 

OPCD 

OPCD 

OPCD 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

Table A-41. XO-Form 

D A B OE XO Re 

D A B 0 XO Re 

D A ·00000 joE XO Re 

Specific Instructions 

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 

D A B \oE 266 Re 

D A B o~ 10 Re 

D A B joE 138 Re 

D A 00000 \oE 234 Re 

D A 00000 o~ 202 Re 

D A B \oE 489 Re 

D A B PE 457 Re 

D A B OE 491 Re 

D A B OE 459 Re 

D A B Q 73 Re 

D A B Q 9 Re 

D A B Q 75 Re 

D A B 0 11 Re 

D A B OE 233 Re 

D A B \oE 235 Re 

D A o o a a.a joE 104 Re 

D A B OE 40 Re 

D A B OE 8 Re 

D A B OE 136 Re 

D A 00000 OE 232 Re 

D A 00000 OE 200 Re 
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Table A-42. A-Form 

OPCD D A B 00000 XO Re 

OPCD D A B c XO Re 

OPCD D A 00000 c XO Re 

OPCD D 00000 B 00000 XO Re 

Specific Instructions 

Name 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 

faddx 63 D A B 00000 21 Re 

faddsx 59 D A B .00000 21 Re 

fdivx 63 D A B 18 Re 

fdivsx 59 D A B OOddlJ 18 Re 

fmaddx 63 D A B C 29 Re 

fmaddsx 59 D A B C 29 Re 

fmsubx 63 D A B C 28 Re 

fmsubsx 59 D A B C 28 Re 

fmulx 63 25 Re 

fmulsx 59 D A . 0 0 0 o.e _k C 25 Re 

fnmaddx 63 D A B C 31 Re 

fnmaddsx 59 D A B C 31 Re 

fnmsubx 63 D A B C 30 Re 

fnmsubsx 59 D A B C 30 Re 

tresx 4 59 D ~ ·.· B pooop 24 Re 

frsqrtex 4 63 D 0 QO 0.0 .. B ••.• oo'oo () 26 Re 
1--~~---1t--~~~---1~..2.~~·-· ~·~-1-~~~~~li1:..~~·~~~-1-~~~~-t-~ 

fselx 4 63 D A B C 23 Re 

tsqrtx 4 1--_6_3~-+-~~D~---+l"-7-o~o_o~o+·'o+•·-,+-~~s~~*[!~·-a+.o-o_~~~o~1--~2-2~---+----;Re 
fsqrtsx 4 59 D ll OO~oiq B i~()(~ 22 

1--~~-+~~~~+---'~~""'4-~~~~...p-~~~,....,,~~~~-+-~ 

fsubx 63 D A B ~ 20 Re 
tsubsxf--~5-9~-+~~-D~~-+-~~A~~-+~~-B~~~~......, ~. "-+~~2-0~~-+-R~e 

Re 
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Table A-43. M-Form 

OPCD s A SH MB ME 

OPCD s A B MB ME 

Specific Instructions 

Name 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 

rlwimix 20 s A SH MB ME Re 

rlwinmx 21 s A SH MB ME Re 

rlwnmx 23 s A B MB ME Re 

Table A-44. MD-Form 

OPCD s A sh mb XO 

1::1::1 OPCD s A sh me XO 

Specific Instructions 

Name 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 

rldicx 5 

rldiclx 5 

rldicrx 5 

rldimix 5 

30 

30 

30 

30 

s A sh 

s A sh 

s A sh 

s A sh 

Table A-45. MOS-Form 

OPCD s 
OPCD s 

Name 0 5 6 7 8 9 10 11 

'""''x'I 
30 s 
30 s rldcrx 5 

1 Supervisor-level instruction 
2 Supervisor- and user-level instruction 
3 Load/store string/multiple instruction 
4 Optional instruction 
5 64-bit instruction 
6 Optional 64-bit bridge instruction 

A B 

A B 

Specific Instructions 

12 13 14 15 16 17 18 19 20 21 

A B 

A B 

mb 2 sh Re 

mb 0 sh Re 

me 1 sh Re 

mb 3 sh Re 

mb XO 

1::1 me XO 

22 23 24 25 26 27 28 29 30 31 

mb 8 

1:1 me 9 
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Appendix B 
Invalid Instruction Forms 

This appendix describes how invalid instructions are treated by the PowerPC 620 
microprocessor. 

8.1 Invalid Forms Excluding Reserved Fields 
Table B-1 illustrates the invalid instruction forms of the PowerPC architecture that are not 
a result of a nonzero reserved field in the instruction encoding. 

Table B-1. Invalid Forms (Excluding Reserved Fields) 

rA=O rA in rA or rB SPR Not 
Mnemonic 802=0 or rA=O rA=rT=O 

Range in Range L = 1 
Implemented 

rA = rD 

be ctr x 
bcctrl x 
lbzu x 
lbzux x 
lhzu x 
lhzux x 
lhau x 
lhaux x 
lwzu x 
lwzux x 
stbu x 
stbux x 
sthu x 
sthux x 
stwu x 
stwux x 
lmw x x 
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Table B-1. Invalid Forms (Excluding Reserved Fields) (Continued) 

rA=O 
rA in rA or rB SPR Not 

Mnemonic 802=0 or rA=O rA = rT = O 
Range in Range L=1 

Implemented 
rA = rD 

lswi x x 
lswx x x 
cm pi x 
cmp x 
cmpli x 
cmpl x 
mtspr x 
mfspr x 
LFSU x 
lfsux x 
lfdu x 
lfdux x 
stfsu x 
stfsux x 
stfdu x 
stfdux x 

B.2 Invalid Forms with Reserved Fields (Bit 31 
Exclusive) 

Table B-2 lists the invalid instruction forms of the PowerPC architecture that result from a 
nonzero reserved field in the instruction encoding. This table takes into consideration all 
reserved fields in an instruction that must be zero, excluding only those instructions that 
would become invalid if only bit 31 were set. Note that any combination of a one being 
detected in the instructions field(s) marked X results in an invalid form. 

The tlbsync instruction has the same opcode and format as the sync instruction. Setting 
bit 31 in the instruction indicates a tlbsync. 
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Table B-2. Invalid Forms with Reserved Fields (Bit 31 Exclusive) 

6 6 6 6 9 9 11 11 14 16 21 
Mnemonic 6 to to to to 9 to to 11 to to to 15 to 20 21 to 31 

10 15 20 29 10 15 15 20 20 20 25 

bclr x 
bclrl x 
bcctr x 
bcctrl x 
SC x x 
mcrf x x x 
sync x * 
addme[o][.] x 
subfme[o][.] x 
addze[o][.] x 
subfze[o][.] x 
neg[o][.] x 
mulhw[u][.] x 
cm pi x x 
cmp x 
cmpli x x 
cmpl x 
extsb[.] x 

extsh[.] x 
cntlzw[.] x 
mtcrf x x x 
mcrxr x x x 
mtpmr x x 
mfpmr x x 
fmr[.] x 
fneg[.] x 
fabs[.] x 
fnabs[.] x 
fadd[.J x 

fadds[.] x 
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Table B-2. Invalid Forms with Reserved Fields (Bit 31 Exclusive) (Continued) 

6 6 6 6 9 9 11 11 14 16 21 
Mnemonie 6 to to to to 9 to to 11 to to to 15 to 20 21 to 31 

10 15 20 29 10 15 15 20 20 20 25 

fsub[.] x 
fsubs[.] x 
fmul[.] x 
fmuls[.] x 
fdiv[.] x 
fdivs[.] x 
frsp[.] x 
fetiw[.] x 
fetiwz[.] x 
fempu x x 
fempuo x x 
mffs[.] x 
mcrfs x x x 
mtfsfi[.] x x 
mtfsf[.] x x 
mtfsbO[.] x 
mtfsb1[.] x 
iebi x x 
isyne x x 
debt x x 
debtst x x 
debz x x 
debst x x 
de bf x x 
eieio x x 
mftb x x 
mftbu x x 
rfi x x 
mtmsr x x 
mfmsr x x 
de bi x x 
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Table B-2. Invalid Forms with Reserved Fields (Bit 31 Exclusive) (Continued) 

6 6 6 6 9 9 11 11 14 16 21 
Mnemonic 6 to to to to 9 to to 11 to to to 15 to 20 21 to 31 

10 15 20 29 10 15 15 20 20 20 25 

mtsr x x x 
mfsr x x x 
mtsrln x x 
mfsrin x x 
tlbie x x 
mttb x x 
mttbu x x 
tlbsync x * 

B.3 Invalid Form with Only Bit 31 Set 
The following instructions generate invalid instruction forms if only bit 31 is set in the 
instruction: 

• cror 
• crxor 
• crnand 
• crnor 
• crandc 
• creqv 
• crorc 
• lbzx 
• lbzux 
• lhzx 
• lhzux 
• lhax 
• lhaux 
• lwzx 
• lwzux 
• stbx 
• stbux 
• sthx 
• sthux 
• stwx 
• stwux 
• lhbrx 
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• lwbrx 
• sthbrx 
• stwbrx 
• lswi 
• lswx 
• stswi 
• stswx 
• Iwarx 
• tw 
• mtspr 
• mfspr 
• lfsx 
• lfsux 
• lfdx 
• lfdux 
• stfsx 
• stfsux 
• stfdx 
• stfdux 

B.4 Invalid Forms from Invalid BO Field Encodings 
The following list illustrates the invalid BO fields for the conditional branch instructions 
(be, bca, bcl, bcla, heir, bclrl, bcctr, and bcctrl). Specifying a conditional branch 
instruction with one of these fields results in a invalid instruction form. Note that entries 
with the y bit represent two possible instruction encodings. Invalid BO field encodings are 
as follows: 

• OOlly 
• Ollly 
• llOOy 
• l lOly 
• 10101 
• 10110 
• 10111 
• 11100 
• 11101 
• 11110 
• 11111 

The 620 treats the bits listed above as causing an invalid form as "don't cares." 

B-6 PowerPC 620 RISC Microprocessor User's Manual MOTOROLA 



Appendix C 
Hardware Configuration 

This appendix is devoted to a consolidated collection of narrower requirements to bring up 
a PowerPC 620 in a defined state. Included is a summary of hardware configuration signals, 
their use and the prescribed sequence to use on a 620 processor during and after reset. This 
involves bus configuration, the L2 interface and other tidbits. 

C.1 Hardware Configuration Signals 
Table C-1 provides a summary of signals used for hardware configuration. Additional 
information can be found in Chapter 7, "Signal Descriptions." All of these inputs must be 
set at power-on reset. Changing these signals with hard reset deasserted will have no effect. 

Table C-1. Hardware Configuration Signals Summary 

Typical 
Signal Name Purpose Values to 

Use 

SHIFTGATE This signal is used during LSSD testing to enable shift clocks. In system 1 
appiications this signal defines the MSB for BUSRATIO. 

BUSRATI01 This is a dedicated signal to define the LSB for BUSRATIO on the 620. 0 
Acceptable ratios are-10:2:1 mode, 11 :3:1 mode, 00:4:1 mode. 
Note: A setting of 01 is invalid and will result in unpredictable behavior. 

BUSCLKGTL This is a dedicated signal to set the 1/0 interface for the input clock to the 620. 0 
For CMOS single-ended clock input this net should be tied low. Then drive the 
input clock into the BUSCLK input signal and ground the BUSCLK_B signal. If 
using a differential input pair of clocks with a GTL source, tie the 
BUSCLKGTL input high and source the clock in on the BUSCLK, BUSCLK_B 
pair of inputs. 

BUSLAEN This is another dedicated input that is used to enable or disable the late 0 
address enable mode. When active high, this input indicates that the address 
associated with an ABG should be enabled 1 PCLK after the beginning of the 
next BUSCLK cycle. When deasserted, the address should be asserted at 
the beginning of the next BUSCLK cycle. For further information refer to 
Section 2.1.2.4, "Bus Status and Control Register (BUSCSR):' 

BUSRESPTEN[0-1] These two inputs are dedicated signals to set the latency between valid 10 
ASTATOUT and ARESPOUT being driven and ASTATIN/ARESPIN being 
sampled. Valid decodes are 01 -1 BUSCLK, 10 - 2 BUSCLKS, 11 - 3 
BUSCLKS. 
Note: 00 is invalid. 
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Table C-1. Hardware Configuration Signals Summary (Continued) 

Typical 
Signal Name Purpose Values to 

Use 

BUS DX This input when asserted high forces the 620 to run in DX mode. In this 0 
mode, bus data transfers occur over the DataHigh bus only in double word 
format. The Datalow bus is therefore dibbled. The normal mode power on 
default is to enable quadword operations with DX mode off. 

BUSPID(Q-4) BUSPID(0-4) comprises a five bit processor ID number on the bus. This 000 
value is sampled during hard reset and used to form the bus tag for all 
subsequent bus operations. The first three bits of this bus are formed from 
dedicated signals. 

DRVRINHIBIT1 Shared signal between LSSD function to disable drivers and hard reset 0 
function of BUSPID[3) 

DRVRINHIBIT2 Shared signal between LSSD function to disable drivers and hard reset 0 
function of BUSPID[4] 

RCVRINHIBIT These final three pins are shared between LSSD function and PLL 0 
configuration during power up. During power up, that is, when hard reset is 
asserted, this signal is used to decode the function of PllVcoBand. 

L1_TESTCLK During hard reset this signal is decoded as PllPumplow 0 

L2_TESTCLK During hard reset this signal is decoded as PllVcoDiv. 0 

C.2 Processor Start Up 
To illustrate what happens when the 620 is powered up, assume the default values are 
asserted during hard reset as illustrated in Table C-1. Given this back drop and input 
BUSCLK of 50 MHz, CMOS single ended, the 620 will be running at an internal frequency 
of lOOMHz. 

The following sequence is important to follow for safe operation: 

1. Assert hard reset prior to applying power or as the power suply is ramping up. To 
accomplish this a simple method is via a pull down resistor. This is important to 
avoid internal bus contention and put the internal caches in a safe state. 

2. After power stabilizes, hold reset for 2ms to ensure the internal PLL has time to lock. 
During this time, the 620 is scanning all internal latches to initial values and getting 
set to branch to the system reset vector. 

3. Upon deassertion ofreset, 620 will start fetching at address FFFOOIOO, expecting to 
find the system interrupt handler. In so doing, the 620 will assert that address on the 
lower 32 bits of address along with ABR and DBR. In response 620 will expectABG 
andDBG. 

C.3 Setting Bus and Cache Configuration Registers 
Not all 620 configuration registers are set during the hardware reset process. Several, 
including the BUSCSR, L2CR and HIDO registers require a prescribed software sequence 
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to be set. This sequence is illustrated in PowerPC pseudo-assembly code. It assumes that 
the HIDO, BUSCSR, and L2CR registers are at reset state, and that address translation is 
disabled. It also assumes that the run state has both L 1 caches and snooping enabled. 

Note that, in order to program the BUSCSR and L2CR correctly, the bus must be running 
incoherently. In particular, since snooping is disabled, there can be no master or slave 
running on the bus that could rerun the SYNC operations. The code to form an incoherent 
barrier before enabling snooping for processors in an multiprocessor system is not included 
here. 

# this number is guaranteed to run a countdown loop for at least 

# 100 us on a 200 MHz machine (20,000 cycles) 

const int32 one_hundred_us = Ox4e20; 

# 

# initialize HIDO, BUSCSR and L2CR registers 

#assume the values to be set are in some memory location 

# called hwavprr_ <register> offset from the address in register 2 

#Note: each sync, mtspr, isync sequence for setting buscsr, hidO or 12cr 

# must be aligned on a quadword boundary 

# 

# step 1: set all buscsr parameters except snpen 

# step 2: set all hidO parameters 

# step 3: set all L2CR except 12clc, 12pllen, 12initb 

# step 4: set 12pllen and wait 100 us. 

# step 5: set all L2CR except 12initb 

# step 6: touch all L2 lines 

# step 7: set 12initb 

# step 8: flush L2 

# step 9: enable snooping 

# 

# step 1 - set buscsr except snpen 

# 

Id r3, hwavprr_BUSCSR(r2); 

andi. r3, r3, Oxfffffeff; #don't enable snooping 

.align 16; 

sync; 

mtbuscsr r3; 

isync; 

#align to QW 
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C-4 

# 

# step 2 - set all hidO parameters 

# 

lwz r3, hwavprr_HIDO(r2); 

ori r3, r3, OxOOOOOcOO; #add flash invalidates to config 

.align 16; 

sync; 

mthidO r3; 

isync; 

# 

# steps 3-8 - set and initialize L2 

# 

Id r3, hwavprr_L2CR(r2); 

#skip init if 12clc<0> is 0 

andis. r4, r3, OxOOOl; 

cmpwi crO, r4, O; 

beq crO, 12_done; 

# 

#Step 3 - set 12cr except write O's to 12clc, 12pllen, 12init_b 

# 

addi r5, rO, O; 

ori r5, r5, Oxlfff; 

oris r5, r5, Oxfffe; 

and r4, r3, r5; 

.align 16; 

sync; 

mtl2crr4; 

isync; 

# 

# step 4 - assert 12pllen and wait for pll to lock 

# 

addi r5, rO, O; 

ori r5, rO, Ox5 fff; 

oris r5, r5, Oxfffe; 

and r4, r3, r5; 

.align 16; 

sync; 
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loop: 

initloop: 

mtl2cr r4; 

isync; 

# 100 us loop 

addi r4, rO, one_hundred_us; 

mtctr r4; 

bdnz.y loop; 

# 

# step 5: enable L2 in init mode 

# 

addi r5, rO, 0; 

ori r5, r5, Oxdfff; 

oris r5, r5, Oxffff; 

and r4, r3, r5; 

.align 16; 

sync; 

mt12cr r4; 

isync; 

# 

#Step 6 

# 

#touch all of L2(16384*(12size+1) cache blocks) 

#Note: these loops assume that the memory starting at location 

# zero and of size == 12 exists. 

rlwinm r4, r3, 12, 20, 31 ;# srwi r4, r4, 20 

andi. r4, r4, Oxf; 

addi r4, r4, 1; 

rlwinm r4, r4, 14, 0, 17;# slwi r4, r4, 14 <=> n*16384 

mtctr r4; 

addi r5, rO, O; 

lwz r6, O(r5); 

addi r5, r5, 64; 

bdnz.y initloop; 

#clear 12sr 

addi r6, rO, 0; 

sync; # no align needed for 12sr set 
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flushloop: 

12_done: 

C-6 

mt12sr r6; 

isync; 

# 

# Step 7: fully enable LZ 

# 

.align 16; 

sync; 

mtl2cr r3; 

isync; 

# 

#Step 8: flush LZ 

# 

mtctr r4; 

addi r5, rO, O; 

dcbf rO, r5; 

addi r5, r5, 64; 

bdnz.y flushloop; 

# 

# step 9 - enable snooping 

# 

mfbuscsr r3; 

ori r3, r3, Ox JOO; 

.align 16; 

sync; 

mtbuscsr r3; 

isync; 

# 

# enable snooping 

# end special bringup code 

# 
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C.4 Enabling Address Translation 
Setting the MSR also requires a special code sequence. Address translation should be 
enabled after the initialization of the SPRs (HIDO, BUSCSR, L2CR), the L2 interface, and 
after enabling snooping. The following code is recommended to make sure that setting the 
IR and DR bits in the MSR register has completed execution before any new instructions 
are prefetched (the reason for the 16 Nops). 

mfmsr r12 

mask and set IR and DR 

mtmsr r12 

sync 

isync 

nop 

nop 

nop 

nop 

nop 

nop 

nop 

nop 

nop 

nop 

nop 

nop 

nop 

nop 

nop 

nop 

C.5 Flushing Data from the L 1 Data Cache 
Flushing data from the data cache can be accomplished in two ways. First, the dcbst or dcbf 
instructions can be used to force a particular address from the data cache back to main 
memory. If you know the addresses of the data to be flushed, this is the preferred method. 

For example, if a page of instructions has been loaded into the data cache and must be 
flushed to main memory in order to be executed, a simple routine could be written to do a 
dcbf to each line in that page. 

Flushing the entire data cache regardless of its contents is a more difficult proposition. This 
may be required, for example, if the processor is being placed in nap mode. The dcbf and 
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dcbst instructions cannot be used because they will only force copy-backs for specific 
addresses, and you cannot practically do a dcbf for the entire physical address space. The 
better solution is to perform enough loads to guarantee that all previous data has been 
replaced in the data cache with new data. The difficulty with this method is that accidental 
hits, aliased hits, or ECAM matches can confuse the PLRU algorithm so that more loads 
are required than might be expected. 

If loads are done from an address space that is known not to be in the data cache, then the 
cache can be completely flushed by doing 13 loads to each camlet, each with a unique 
ECAM value (that is, EA[44-51] must be unique). If, however, the data loaded to force 
copy-backs might already be in the cache, making hits and aliased hits possible, then it is 
required to do 20 loads with unique ECAM values. In addition, since any of the loads may 
have hit rather than forced a copy-back, it is also necessary to perform a dcbf on each 
address loaded. 

The code segment below should perform the necessary operations for a complete flush of 
the data cache. Notice that this code segment assumes that data being loaded may in fact be 
in the cache, so 20 loads are performed for each camlet, and dcbf instructions are 
performed after the loads. The comments indicate where the code can be modified if the 
data being loaded is known not to be in the cache. 

Note that if the dcbf loop is performed, the final state of all lines in the data cache will be 
invalid. If the dcbf instruction is replaced with dcbst or if loads are done from unused 
memory and the dcbf loop is skipped altogether, then the final state of all lines in the data 
cache will be shared or exclusive. 

full_cache_flush: 

C-8 

.set FLUSH_START_HI,OxOOOO #Change to whatever starting 

.set FLUSH_START_LO,OxOOOO #address you like .... 

. set HIDO,Ox3FO# SPR value for HIDO 

.set BLOCK_SIZE,Ox40# 64 bytes per line 

.set LOOP _COUNT,20# This number should be 13 if loads 

mfmsr GO 

#are done from unused memory, 

#or 20 if not. 

# Save MSR value to GO 

mfspr G l ,HIDO # Save HIDO value to G 1 

rlwinm G2,G0,0,17,15# Disable EE 

rlwinm G3,G 1,0,16,17# Leave I and D caches on 

# Turn superscalar mode off 

# No speculative ifetch 
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.align 

sync 

mtmsr 

4 

G2 

#No dynamic branch prediction or 

# branch history table updates 

#Align to quad-word boundary 

#Update SPR's 

# 

mtspr G3,HIDO # G2 and G3 are free to be reused 

isync # 

addi G2,GO,Ox1000# G2 = ECAM incrementer 

addi G3,GO,O # Clear G3 

oris G4,G3,FLUSH_ST ART _HI# G4 = start address of data 

ori G4,G4,FLUSH_START_LO# used to flush cache 

subf G4,G2,G4 #minus initial offset. 

addi G3,GO,OxOFCO# G3 = camlet offset 

# Start at 63 and work back to 0 

addi GS,GO,LOOP _COUNT# GS= number of loads/flushes 

add G6,GO,BLOCK_SIZE# G6 = line size 

camlet_flush_loop: 

load_loop: 

dcbf_loop: 

mtctr GS #ctr=# ofload's to do 

add G7,G4,G3 #add camlet offset to address 

lbzux G8,G7,G2 #do 20 loads to the same camlet 

be 16,0,load_loop# each with a unique ECAM value 

#until CTR=O 

# This loop can be removed if data is loaded from unused memory 

mtctr GS # ctr = # of dcbf' s to do 

add 

dcbf 

add 

be 

subf. 

G7 ,G4,G3 # reset G7 to start address 

G7,G2 #Flush the line from the cache 

G7,G7,G2 #in case the line actually hit 

16,0,dcbf_loop# Loop until CTR=O 

G3,G6,G3 # Subtract line size from G3 to 
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# point to next camlet. 

bne camlet_flush_loop# Repeat camlet flush loop 

#until G3<0 

.align 4 

sync # restore SPR' s 

mtmsr GO # 

mtspr G1 ,HIDO # 

sync # 

If the dcbf instruction is changed to a dcbst or if the dcbf loop is not executed, and it is 
desired to leave all lines in the data cache in the invalid state, the following sequence can 
be appended to the previous procedure. 

Reset SPR (HIDO[DCE]) to disable data cache 

Set SPR(HIDO[DCEFI]) to invalidate the whole data cache 
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Appendix D 
Bus Protocol Livelock Scenarios 

In any multiprocessor system, livelock scenarios are possible. Measures to avoid these 
scenarios include, but are not limited to, the following: 

• Special-purpose hardware in the PowerPC 620 such as pacing counters. 

• Special-purpose hardware in the system such as a smart arbiter or the use of high­
priority requests. 

The remainder of this appendix documents livelocks encountered during either simulation 
or hardware debug. 

D.1 2-way Multiprocessing-Imprecise Collision Hit 
Between Processors 

This livelock was encountered during 2-way multiprocessing (MP) simulation where the 
second processor was retried all the time by the first processor. The situation is as follows: 

• The codes sequence for both processors are illustrated in Table D-1: 

Table D-1. Processor Code Sequence 

Processor 1 Processor2 

Loop: 

Load A Load A 

....... ········· 
Load B Store A 

....... 

Branch back to "Loop:" if A is 
not updated by processor 2 

MOTOROLA Appendix D. Bus Protocol Livelock Scenarios D-1 



• Other conditions required for this scenario to occur include: 

- Both A and B have the same 20 least significant bits for their effective addresses. 
Based on the current L 1 cache placement policy, this will cause A and B to map 
to the same Ll entry. In other words, fetching B will force the invalidation of A 
in the L 1 cache and vice versa. 

- A and B have the same 20 least significant bits for the physical addresses. This 
will cause imprecise collision detection between B, from processor 1, and A, 
from processor 2. 

- The size of L2 cache is greater than 1 Mbyte. This will allow both A and B to 
reside in the L2 cache at the same time. 

- Both A and B are located in the L2 cache of processor 1, but A is not in the L2 
cache of processor 2. In this case, Processor 2 will go out to the 620 bus to fetch 
the cache line for A when "load A" is executed. 

• After the first iteration of the loop in processor 1, B (not A) is in the L 1 cache. In 
order to load A, DCMMU has to send a request to BIU to fetch A from the L2 cache. 
After that, A (not B) is in the L1 cache, which will cause DCMMU to request B from 
the L2 cache when "Load B" is executed next. Therefore, DCMMU will keep 
sending requests to L2 for either A or B alternatively as long as processor 1 stays 
within that loop. During the iteration of each loop, if processor 2 's fetching request 
to A which is sent to 620 bus is always snooped by processor 1 within a particular 
timing window, then processor l's collision detection logic will win and retry 
processor 2 every time. Since processor 2 is retried all the times, it cannot load A and 
update it. On the other hand, if A is not updated, processor 2 will stay in the loop 
forever and also keeps processor 1 from making any progress. This causes a livelock 
problem. 

This livelock may be broken by using the 620 pacing counters or by having a smart arbiter 
detect the sequence and change the grant pattern. 

D.2 4-way Multiprocessing-All Processors Running 
lwarx and stwcx. 

This livelock was encountered during hardware debug. Processors 0-3 (PO-P3) were all 
attempting to access the same cache line. The situation is as follows: 

0-2 

1. PO is waiting for a lock variable to update and is using a lwarx to check the value of 
the memory. 
Pl is executing a similar code sequence. 
P2 has a reservation and is attempting to execute a stwcx to the shared cache line. 
P3 is executing a similar code sequence. 

2. When PO accesses L2, it temporarily takes ownership of the cache line so it moves 
its CD state to IN-BUSY. 
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3. While PO is IN-BUSY, it snoops the stwcx from P3. This stwcx fails CD since the 
PO lwarx is IN-BUSY and the stwcx is subsequently ARESPIN Retried. PO runs the 
lwarx on the bus, finds that the value is unchanged and loops back to the lwarx. 

4. The same sequence exists for the Pl-P2 pairs. 

5. When PO and Pl run the lwarx operations on the bus, they line up in previous 
adjacent windows and each takes turns ASTATIN Retrying its operation. 

This livelock may be broken by using the 620 pacing counters or by having a smart arbiter 
detect the sequence and change the grant pattern. 

D.3 4-way Multiprocessing-3 Processors Reading 
Line with Pending W = 1 Stores to L2 

A variation of this livelock was encountered during 4-way MP simulation. Processor 0 (PO) 
is processing two write-through stores and Processors 1-3 (Pl-P3) are all attempting to 
read the same lines. The situation is as follows: 

1. The L2 is 2:1, single-synchronous. BUSTLAR=3; BUSRESPTEN=2. 

2. PO moves a W=l store to Address A to the Store Buffer. The line is valid in L2. The 
L2 write is pending. 

3. PO moves a W=l store to Address B to the Store Buffer. The line is valid in L2. The 
L2 write is pending. 

4. Pl generates a bus read for Address A. PO snoops this operation and generates an L2 
read. 

5. P2 generates a bus read for Address B. PO snoops this operation and generates an L2 
read. The Pl and P2 addresses are adjacent. 

6. P3 generates a bus read for Address A. PO snoops this operation and generates an L2 
read. The P2 and P3 addresses are adjacent. 

7. Pl is AResp Retried since Address A is held in the Store Buffer. 

8. P2 is AResp Retried since Address B is held in the Store Buffer. 

9. P3 is AResp Retried since Address A is held in the Store Buffer. 

10. Since L2 reads are higher priority than L2 writes, the pending PO stores cannot 
access the L2. 

11. Pl, P2 and P3 continually get AResp Retried and repeat this access pattern. 

Note that the livelock could also occur for other types of PO stores. Examples include 
consecutive LI deallocates to L2 or two snooped "Clean" operations which cause pushes 
to the bus and the L2. 

This livelock may be broken by using the 620 pacing counters or by having a smart arbiter 
detect the sequence and change the grant pattern. 
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An, 7-6 
APn, 7-6, 8-67 
ARESPIN/OUT, 7-10, 8-19, 8-27 
ASIZEBURST, 7-9, 8-53 
ASIZEDATA, 7-9, 8-53 
ASTATIN/OUT, 7-10, 8-19, 8-26, 8-26 
ATAG, 7-7 
clocks, 7-13, 7-25 
data bus arbitration, 7-13 
data transfer, 7-14 
data transfer termination, 7-19 
DBB, 7-19, 8-39 
DEG, 7-13, 8-12 
DCACHE, 7-17, 8-41 
DERR, 7-20, 8-42 
DHn!DLn, 7-14, 8-37 
DPn, 7-16, 8-67 
DTAG, 7-17, 8-38 
DYAL, 7-18, 8-39 
EATS, 7-5, 8-14 
HRESET, 7-22,8-116 
L2COHERENCY, 7-11 
L2DATAECC, 7-11 
L2DATAENABLE, 7-12 
L2DATAn, 7-10 
L20UTPUTENABLE, 7-12 
L2TAGADD, 9-4 
L2TAGECC, 7-11 
L2TAGENABLE, 7-12 
L2WRITEDATA, 7-12 
L2WRITETAG, 7-12 
MCP, 7-22 
processor configuration, 7-23 
RSRV, 7-24 
SMI, 4-24, 7-21 
SRESET, 7-23 
system status, 7-20 
TBEN, 7-25 
WAKEUP, 11-2 

Simplified mnemonics, 2-68 
SLB management instructions, A-27 
SLBs (segment lookaside buffers) 

description, 5-3 
MMU organization, 5-5 
SLB invalidate instructions, 5-21 

SMI (system management interrupt) signal, 4-24, 7-21 
Snooper-generated events, 10-33 
SPRGn registers, 2-7 
SRAM wiring diagram, 9-2 
SRESET (soft reset) signal, 7-23 
SRn (segment registers) 

SR manipulation instructions, 2-66, A-27 

MOTOROLA Index 

SRRn (status save/restore) registers, 2-7, 4-8, 10-10 
stwcx. instruction, 4-13, 8-109 
Synchronization 

context/execution synchronization, 2-35 
memory synchronization instructions, 2-58, 

2-60, A-24 
sync instruction, 4-13 

System call exception, 4-21 
System interface, 1-16 
System linkage instructions, 2-56, 2-63, A-26 
System management interrupt, 4-24 
System status 

T 

HRESET, 7-22, 8-116 
MCP, 7-22 
SMI, 4-24, 7-21 
SRESET, 7-23 

Table search operations, 5-33 
TBEN signal, 7-25 
TBL/TBU (time base lower/upper) registers, 2-5, 2-7 
TLBs (translation lookaside buffers) 

description, 5-28 
LRU replacement, 5-28 
MMU organization, 5-5 
table search operation, 5-28, 5-32, 5-34 
TLB invalidate 

description, 5-29 
TLB management instructions, 2-67, A-27 

TLB miss, 5-28, 5-32, 5-34 
tlbsync, 5-29 
Trace exception, 4-21 
Trap instructions, 2-56 

u 
User instruction set architecture (UISA), xxxiii 

description, 1-20 
instructions, 2-37 
registers, summary, 2-4 

v 
Vector offset table, exceptions, 4-3 
Vertical cache coherence, 3-9, 8-88, 8-88 
Virtual environment architecture (VEA) 

cache operation, 3-1 
description, xxxiii, 1-20 
instructions, 2-59 

w 
WAKEUP signal, 11-2 
WIM bits, bus operations, 8-48, 8-87 
WIMG bits cache actions, 3-19, 8-85 
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NORTH AMERICAN DISTRIBUTORS 

UNITED STATES 

ALABAMA 
Huntsville 

Arrow/Schweber Electronics ... (205)837-6955 
FAI ......................... (205)837-9209 
Future Electronics . . . . . . . . . . . . (205)830-2322 
Hamilton/Hallmark ........... (205)83741700 
Newark ....•.•.............. (205)837-9091 
Wyle Electronics ............. (205)830-1119 

ARIZONA 
Phoenix 

FAI ..•...•.•................ (602)731-4661 
Future Electronics ............ (602)968-7140 
Hamilton/Hallmark .....•..... (602)736-7000 
Wyle Electronics ............. (602)804-7000 

Tempe 
Arrow!Schweber Electronics ... (602)43Hl030 
Newark . • • . . . . • . . . . . . . . . . . . . (602)96&-6340 
PENSTOCK ................. (602)967-1620 

CALIFORNIA 
Agoura Hills 

Future Electronics ............ (818)865---0040 
C81abassas 

Arrow!SchweberElectronics ... (818)880--9686 
Wyle Electronics ............. (818)880-9000 

Culver City 
Hamilton/Hallmark . . . . . . . . . . . (310)558-2000 

Garden Grove 
Newark ..................... (714)893-4909 

Irvine 
Arrow/Schweber Electronics ... (714)587--0404 
FAI ......................... (714)753-4778 
Future Electronics ............ (714)453--1515 
Hamilton/Hallmark ........... (714)789-4100 
Wyle Laboratories Corporate .. (714)753-9953 
Wyle Electronics ............. (714)789-9953 

Los Angeles 
FAI .•...•................... (818)879-1234 

Manhattan Beach 
PENSTOCK ................. (310)54641953 

N~~~~fJ:~ark.. . (805)375-6680 

Palo Alto 
Newark •...........•........ (415)812-6300 

Rancho Cordova 
Wyle Electronics ............. (916)638-5282 

Riverside 
Newark • . . . . . . . . . . . . . . . . . . . . (909)980-2105 

Rocklin 
Hamilton/Hallmark ........... (916)632-4500 

Sacramento 
FAI ......................... (916)782-7882 
Newark . . . . . . . . . . . . . . . . . . . . . (916)565-1760 

San Diego 
Arrow/SchweberElectronics ... (619)565-4800 
FAI ......................... (619)623-2888 
Future Electronics ............ (619)625-2800 
Hamilton/Hallmark ........... (619)571-7540 
Newark .................•... (619)45341211 
PENSTOCK ................. (619)623-9100 
Wyle Electronics ............. (619)558-6600 

San Jose 
Arrow/Schweber Electronics ... (408)441-9700 
Arrow/Schweber Electronics ... (408)428-6400 
FAI ......................... (408)434--0369 
Future Electronics ............ (408)434-1122 

Santa Clara 
Wyle Electronics ............. (408)727-2500 

Santa Fe Springs 
Newark ..................... (310)929-9722 

Sierra Madre 
PENSTOCK ................. (818)355-6775 

Sunnyvale 
Hamilton/Hallmark ........... (408)435-3600 
PENSTOCK ................. (408)730--0300 

Thousand Oaks 
Newark ..................... (805)449-1480 

Woodland Hills 
Hamilton/Hallmark ........... (818)594-0404 

COLORADO 
Lakewood 

FAI ......................... (303)237-1400 
Future Electronics ............ (303)232-2008 

Denver 
Newark ..................... (303)373-4540 

Englewood 
Arrow/Schweber Electronics ... (303)799-0258 
Hamilton/Hallmark ........... (303)790-1662 
PENSTOCK ................. (303)799-7845 

Thornton 
Wyle Electronics ............. (303)457-9953 

CONNECTICUT 
Bloomfield 

Newark ..................... (203)243-1731 
Cheshire 

FAI ......................... (203)250-1319 
Future Electronics ............ (203)250--0083 
Hamilton/Hallmark ........... (203)271-5700 

Wallingford 
Arrow/SchweberElectronics ... (203)265-7741 
Wyle Electronics ............. (203)2694!077 

FLORIDA 
Altamonte Springs 

Future Electronics ........ (407)865-7900 
Clearwater 

FAI ......................... (813)53CH665 
Future Electronics ............ (813)530-1222 

Deerfield Beach 
Arrow/Schweber Electronics ... (305)429-8200 
Wyle Electronics ...........•. (305)420--0500 

Ft. Lauderdale 
FAI ......................... (305)428-9494 
Future Electronics ............ (305)436-4043 
Hamilton/Hallmark ........... (954)677-3500 
Newark........ . ....... (305)488-1151 

Lake Mary 
Arrow/Schweber Electronics ... (407)333-9300 

Largo/Tampa/St. Petersburg 
Hamilton/Hallmark ........... (813)507-5000 
Newark ..................... (813)287-1578 
Wyle Electronics ............. (813)378-3004 

Maitland 
Wyle Electronics ............. (407)740-7450 

Orlando 
FAI . . . . . . . . . . . . . . . . . . . . . . . . . ( 407)865-9555 
Newark . . . . . . . . . . . . . . . . . . . . . ( 407)89641350 

Tallahassee 
FAI ......................... (904)668-7772 

Tampa 
Newark ..................... (813)287-1578 
PENSTOCK ................. (813)247-7556 

Winter Park 
Hamilton/Hallmark ........... (407)657-3300 
PENSTOCK ................• (407)672-1114 

GEORGIA 
Atlanta 

FAI ......................... (404)447-4767 
Duluth 

Arrow/Schweber Electronics ... (404)497-1300 
Hamilton/Hallmark ........... (770)623-4400 

Norcross 
Future Electronics ............ (770)441-7676 
Newark ..................... (770)448-1300 
PENSTOCK ................. (770)734--9990 
Wyle Electronics ............. (770)441-9045 

IDAHO 
Boise 

FAI ......................... (208)378-8080 
Newark ..................... (208)342-4311 

ILLINOIS 
Addison 

Wyle Laboratories ............ (708)620--0969 
Arlington Heights 

Hamilton/Hallmark .....•..... (847)797-7300 
Chicago 

FAI ......................... (708)843--0034 
Newark Electronics Corp ... 14!00-4NEWARK 

Hoffman Estates 
Future Electronics ............ (708)882-1255 

Itasca 
Arrow/Schweber Electronics ... (708)250--0500 

Palatine 
PENSTOCK . . . . . . . . (708)934--3700 

Schaumburg 
Newark ..................... (708)3104!980 

IN DIANA 
Indianapolis 

Arrow/Schwelier Electronics ... (317)299-2071 
Hamilton/Hallmark ........... (317)575-3500 
FAI ......................... (317)469--0441 
Future Electronics ............ (317)469--0447 
Newark ..................... (317)259--0085 

Ft. Wayne 
Newark ..................... (219)484--0766 
PENSTOCK ................. (219)432-1277 

IOWA 
Cedar Rapids 

Newark ..................... (319)393-3800 
KANSAS 

Kansas City 
FAI ......................... (913)381-6800 

Lenexa 
Arrow/Schweber Electronics .... (913)541-9542 

Olathe 
PENSTOCK ................. (913)829-9330 

Overland Park 
Future Electronics ............ (913)649-1531 
Hamilton/Hallmark ........... (913)663-7900 
Newark ..................... (913)677--0727 

MARYLAND 
Baltimore 

FAI ......................... (410)312--0833 
Columbia 

Arrow/Schweber Electronics ... (301 )598-7800 
Future Electronics ............ (410)290--0600 
Hamilton/Hallmark ........... (410)720-3400 
PENSTOCK ................. (410)29(}-3746 
Wyle Electronics ............. (410)312-4844 

Hanover 
Newark ..................... (410)712-6922 

MASSACHUSETTS 
Bedford 

Wyle Electronics ............. (617)271-9953 
Boston 

Arrow/Schweber Electronics ... (508)658--0900 
FAI ......................... (508)779-3111 
Newark . . . . . . . . . . . . . . . . . . 14!00-4NEWARK 

Bolton 
Future Corporate ............. (508)779-3000 

Burlington 
PENSTOCK ................. (617)229-9100 

Peabody 
Hamilton/Hallmark ........... (508)532-3701 

Woburn 
Newark ..................... (617)935-6350 
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UNITED STATES- continued 

MICHIGAN 
Detroll 

FAI ••••.•••.••.••••••••..•.. (313)513-0015 
Future Electronics •..••••••••• (616)691H18DO 

Grand Rapids 
Newark • • • • • . . • . • • • • . • . • . • • . (616)954-6700 

Uvonls 
Am>w/SchweberElectronics .•• (810)455--0850 
Future Electronics •••••••••••• (313)261-5270 
Hamilton/Hallmark ••••••••••. (313)416-5800 

Troy 
Newark ••••••••••.•..•.•.•.. (810)583-2899 

MINNESOTA 
Bloomington 

Wyle Electronics ••••••••.••••• (612)853-22SO 
Burnsvllls 

PENSTOCK •••••••.••.•.•..•. (612)882-7630 
EdenPrslrle 

Arrow/Schweber Electronics ..• (612)941-5280 
FAI. • • • • • • • • • • • • • • • • • • • • • • • • (612)947--0909 
Future Electronics • • . • • • • . . . . • (612)944-2200 
Hamilton/Hallmark ••••.•••.•• (612)881-2600 

Minneapolis · 
Newark •••••••••••..••.•••.• (612)331-6350 

MISSOURI 
Ealth City 

Hamilton/Hallmark •..•....•.. (314)29Hi350 
St. Louis 

Arrow/Schweber Electronics •.. (314)567--a!88 
Future Electronics • • • • • • • • • • • • (314)469-6805 
FAI •••••••••••••••...•..••.. (314)542-9922 
Newark ..................... (314)453-1l400 

NEW JERSEY 
Bridgewater 

PElllSTOCK • • • • • • • • • • • • • • • • • (908)575-9490 
East Brunswick 

Newark • • • • • • • • .. . . • . . . • . . • . (908)937-8i00 
Falrlleld 

FAI ••••.•.•.•••.•.••....•... (201)331-1133 
Marn on 

Arrow/Schweber Electronics • • . (609)59IHIOOO 
FAI. ••••••••••••••.••..•.••• (609)988-1500 
Future Electronics • • . • • • • • • • • • (609)!i96-'l080 

Mt. Laurel 
Hamilton/Hallmark ••••••••••• (609)~ 
Wyle Electronics ••••••••••••• (609)439-9110 

Oradell 
Wyle Electronics ••••••.•••••• (201)261-3200 

Plnabrook 
Arrow/Schweber Electronics ••. (201)227-7880 
Wyle Electronics •••••..•.•.•• (201)88~56 

Parslpp11ny 
Future Electronics •.••......•. (201)299--0400 
Hamilton/Hallmark •.•.•...... (201)51S-1641 

NEW MEXICO 
Albuquerque 

Hamdton/Hallmark ..•......•. (505)293-5119 
Newark ••••••.•......•...••. (505)82&-1878 

NEW YORK 
Bohemia 

Newark ..................... (516)567-4200 
Hauppauge 

Arrow/Scfiweber Electronics ..• (516)231-1000 
FAI ••••..••••••.•••••.•.•.•• (516)348-3700 
Future Electronics .•.••....••• (516)234-4000 
Hamilton/Hallmark •••••.••••• (516)434-7400 
Newark ••••••.•••••.••••. 1-800-4NEWARK 
PENSTOCK ••••••••••••••••• (516)72oHl580 
Wyle Electronics .•••••••••••• (516)231-7850 

Henrietta 
Wyle Electronics • • • • . • . • . • . . • (716)334-S970 

Konkoma 
Hamilton/Hallmark ..••.•..•.• (516)737-0600 

Pittsford 
Newark • • • • • • • . • • • . • • . . • . • • . (716)381-4244 

Rochester 
Arrow/Schweber Electronics • • . (716)427--0300 
Future Electronics • • • • • • • • • • • • (716)387-9550 
FAI • • • • • • • • • • • • • • • • • . . • • . • • . (716)387-9600 
Hamilton/Hallmark • • • • • • • . . • . (716)272-2740 

Syracuse 
FAI ......................... (315)451-4405 
Future Electronics •••.••.••.•. (315)451-2371 
Newark •..••.••.••..•..•..•. (315)457-4873 

NORTH CAROLINA 
Charlotte 

FAI •.•..••.•.••...•..•.••.•• (704)546-9503 
Future Electronics .••..•....•• (704)547-1107 
Newark • • • • • • • • • • • • • • • • • • • • • (704)535-5650 

Morrisville 
Wyle Electronics . . . • . . • . . • . . • (919)469-1502 

Raleigh 
Arrow/Schweber Electronics • • • (919)876-3132 
FAI. ..••.•..••.•..•..•..•..• (919)876--0088 
Future Electronics ..•..•..•..• (919)790-7111 
Hamilton/Hallmark .......•..• (919)872-0712 
Newark • • • • • • • • • • • • • • . • • • 1-800-4NEWARK 

OHIO 
Centervllle 

Armw/Schweber Electronics ... (513)435-5563 
Cleveland 

FAI • • • • • • . • . • .. • • . • .. • . • . • • . (216)446--0061 
Newark ..................... (216)391-9330 

Columbus 
Newark ••.•••••..•..•..•...• (614)326--0352 

D~Xl~~ ...................... (513)427-8090 
Future Electronics ••.....•..•. (513)426--0090 
Hamilton/Hallmark ••••••••••• (513)439-6735 
Newark .•.••.••.••..•..•.••. (513)294-8980 

Mayfield Heights 
Future Electronics ............ (216)~ 

Miamisburg 
Wyle Electronics . . . . . . . . • . . . . (937)436-9953 

Solon 
Arrow/Schweber Electronics . • . (216)246-3990 
Hamilton/Hallmark •...•.•..•. (216)498-1100 
Wyle Electronics . • • . . • . . • . . • . (216)248-9996 

Wonhlngton 
Hamilton/Hallmark •..•.••.••• (614)888-3313 

OKLAHOMA 
TUisa 

FAI ......................... (918)492-1500 
Hamilton/Hallmark ...•....... (918)459-6000 
Newark •••••••••••••••••.••. (918)252-5070 

OREGON 
Baavelton 

Arrow/Almac Electronics Corp •• (503)829-8090 
Future Electronics . . . . . • • . • . • • (503)645-9454 
Hamilton/Hallmark • • • • • • . • . . • (503)526-6200 

Pon land 
FAI • . • • • • • • • • • • • • . . . • . . . • . . • (503)297-5020 
Newark ..................... (503)297-1984 
PENSTOCK ••.•..•...•....•. (503)646-1870 
Wyle Electronics ..•.....•..•. (503)598-9953 

PENNSYLVANIA 
Coatesvllle 

PENSTOCK •...•...•..•....• (610)383-9536 
Ft. Washington 

Newark ••................... (215)654-1434 
Pittsburgh 

Arrow/SChweber Electronics •.. (412)9~7 
Newark ••••••••••••••••••••• (412)788-4790 

TENNESSEE 
Knoxville 

Newark •.•..•..•.••..•.•..•. (615)568-6493 

TEXAS 
Austin 

Am>w/SchweberElectronlcs ..• (512)835-4180 
Future Electronics •••••••••••• (512)50Nl991 
FAI ......................... (512)346-6426 
Hamilton/Hallmark ...•...••.• (512)219-3700 
Newark . • • • • .. . • . . . . • . . • . • . • (972)458-25211 
PENSTOCK •...•....•..•.•.• (512)348-9762 
Wyle Electronics •..•....•.•.. (512)633-9953 

Ban brook 
PENSTOCK ................. (817)249--0442 

Cerollton 
Armw/Schweber Electronics • . . (214)380-6464 

Dallas 
FAI ......................... (214)231,-7195 
Future Electronics •••.•••••••• (214)437-2437 
Hamilton/Hallmark .•...•.•.•. (214)553-4300 
Newark • • • • • • • . . • . • . . . . . • . • . (214)458-2526 

El Paso 
FAI •...•.•••••..•..•..•.•..• (915)5n-9531 
Newark ••••••••••••••••••••• (915)n2-6387 

Ft.Wonh · 
Allied Electronics •......•.•..• (817)336-o-5401 

Houston 
Armw/Schweber Electronics •.• (713)647-6868 
FAI •...••.•••••..•.•..•.•..• (713)952-7088 
Future Electronics ...•....•.•• (713)7SS-1155 
Hamilton/Hallmark •....•.•..• (713)781-6100 
Newark ••••••••••••••••••••• (713)894-9334 
Wyle Electronics • . • . • . . . . • • . • (713)784-9953 

Richardson 
PENSTOCK •••••••••.••.••.• (214)479-9215 
Wyle Electronics • • . . . . . . . • • . . (214)235-9953 

San Antonio 
FAI • • • • • • • • • • • • • • • • • • • • • • • . • (210)738-3330 
Newark ••••••••••••••••••••• (210)734-7960 

UTAH 
Draper 

Wyle Electronics • • • • . • . . • . • • . (801 )523-2335 
Salt Lake City 

Armw/Schweber Electronics ... (801)973-8913 
FAI • • • • • • • • • • • • • • . • . . . . • . • . . (801 )467-9896 
Future Electronics •••....•.•.. (801)467-4448 
Hamilton/Hallmark . . . . . . • . • • . (801 )268-2022 
Newark ••.••••••...••..•.••. (801)261-5660 

West Vallay CHy 
Wyle Electronics •.•.....••••• (801)974-9953 

WASHINGTON 
Ballevue 

Almac Electronics Corp. . . • • . • (206)643-9992 
PENSTOCK . • . • • . • . . • . • • • .. • (206)454-2371 

Bothell 
Future Electronics •••••.••••.• (206)489-3400 

Kirkland 
Newark ••••••.•••••••.•.•.•• (206)814-8230 

Redmond 
Hamilton/Hallmark . . . . . . . . . • . (206)882-7000 
Wyle Electronics ••....•••..•. (206)881-1150 

Seattle 
FAI •••••••••••••.•.....•.•.. (206)485-6616 

WISCONSIN 
Brookfield 

Armw/Schweber Electronics . . • (414)792-0150 
Future Electronics •.••..•.•..• (414)879--0244 
Wyle Electronics .•.•...•...•. (414)87!Hl434 

Madison 
Newark . • . • • . . • .. . .. .. . • . • • • (608)278-01 n 

Miiwaukee 
FAI ••••••••••••••••••.•.•..• (414)792-9778 

New Berlin 
Hamilton/Hallmark ••..•....•. (414)780-7200 

WauwstOBB 
Newark .••••••.•..•..••..•.. (414)453-9100 
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CANADA 
ALBERTA 

c~~~ar~ ............ . 
Future Electronics .. . 
Hamilton/Hallmark .. 

Edmonton 
FAI .............. .. 
Future Electronics .. 
Hamilton/Hallmark 

Saskatchewan 
Hamilton/Hallmark 

BRITISH COLUMBIA 
Vancouver 

. . . . . . ( 403)291-5333 
. . . ( 403)250-5550 

. ...... (800)663-5500 

. . . ( 403)438-5888 
..... (403)438-2858 

. (800)663-5500 

(800)663-5500 

Arrow Electronics ............ (604)421-2333 
FAI .. .. .. .. .. .. . .. .. (604)654-1050 
Future Electronics ... 
Hamilton/Hallmark 

. ... (604)294-1166 
" " . (604)420-4101 

MANITOBA 
Winnipeg 

FAI .......... .. 
Future Electronics 
Hamiltor\/Hallmark 

ONTARIO 
Kanata 

PENSTOCK .. 

London 
Newark ..... . 

Mississauga 
PENSTOCK .. 
Newark 

Ottawa 
Arrow Electronics 
FAI 
Future Electronics .. 
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Attention! 
This book is a companion to the PowerPC Microprocessor Family: The Programming 
Environments, referred to as The Programming Environments Manual. Note that the 
companion Programming Environments Manual exists in two versions. See the Preface for 
a description of the following two versions: 

PowerPC Microprocessor Family: The Programming Environments, Rev 1 
Order#: MPCFPE/AD 

PowerPC Microprocessor Family: The Programming Environments for 32-Bit 
Microprocessors, Rev I 
Order#: MPCFPE32B/AD 

Call the Motorola LDC at 1-800-441-2447 (website: http://ldc.nmd.com) or contact your 
local sales office to obtain copies. 
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