








































































































































































































































































































































































































































































































































































































































































































































9.2.1.3 Doze Mode 
Doze mode disables most functional units but maintains cache coherency by enabling the 
bus interface unit and snooping. A snoop hit will cause the 603e to enable the data cache, 
copy the data back to memory, disable the cache, and fully return to the doze state. 

• Most functional units disabled 
• Bus snooping and time base/decrementer still enabled 
• Doze mode sequence 

- Set doze bit (HIDO[8] = 1) 
- 603e enters doze mode after several processor clocks 

• Several methods of returning to full-power mode 

- Assert INT, SMI, MCP or decrementer interrupts 
- Assert hard reset or soft reset 

• Transition to full-power state takes no more than a few processor cycles 
• PLL running and locked to SYSCLK 

9.2.1.4 Nap Mode 
The nap mode disables the 603e but still maintains the phase-locked loop (PLL) and the 
time base/decrementer. The time base can be used to restore the 603e to full-on state after 
a programmed amount of time. Because bus snooping is disabled for nap and sleep mode, 
a hardware handshake using the quiesce request (QREQ) and quiesce acknowledge 
(QACK) signals are required to maintain data coherency. The 603e will assert the QREQ 
signal to indicate that it is ready to disable bus snooping. When the system has ensured that 
snooping is no longer necessary, it will assert QACK and the 603e will enter the sleep or 
nap mode. 

• Time base/decrementer still enabled 

• Most functional units disabled (including bus snooping) 

• All nonessential input receivers disabled 

• Nap mode sequence 

- Set nap bit (HIDO[9] = 1) 

- 603e asserts quiesce request (QREQ) signal 

- System asserts quiesce acknowledge (QACK) signal 

- 603e enters sleep mode after several processor clocks 

• Several methods of returning to full-power mode 

- Assert INT, SMI, MCP or decrementer interrupts 
- Assert hard reset or soft reset 

• Transition to full-power takes no more than a few processor cycles 
• PLL running and locked to SYSCLK 
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9.2.1.5 Sleep Mode 
Sleep mode consumes the least amount of power of the four modes since all functional units 
are disabled. To conserve the maximum amount of power, the PLL may be disabled and the 
SYSCLK may be removed. Due to the fully static design of the 603e, internal processor 
state is preserved when no internal clock is present. Because the time base and decrementer 
are disabled while the 603e is in sleep mode, the 603e's time base contents will have to be 
updated from an external time base following sleep mode if accurate time-of-day 
maintenance is required. Before the 603e enters the sleep mode, the 603e will assert the 
QREQ signal to indicate that it is ready to disable bus snooping. When the system has 
ensured that snooping is no longer necessary, it will assert QACK and the 603e will enter 
the sleep mode. 

• All functional units disabled (including bus snooping and time base) 

• All nonessential input receivers disabled 

- Internal clock regenerators disabled 

- PLL still running (see below) 

• Sleep mode sequence 

- Set sleep bit (HID0[10] = 1) 

- 603e asserts quiesce request (QREQ) 

- System asserts quiesce acknowledge (QACK) 

- 603e enters sleep mode after several processor clocks 

• Several methods of returning to full-power mode 

- Assert INT, SMI or MCP interrupts 

- Assert hard reset or soft reset 

• PLL may be disabled and SYSCLK may be removed while in sleep mode 

• Return to full-power mode after PLL and SYSCLK disabled in sleep mode 

- Enable SYSCLK 

- Reconfigure PLL into desired processor clock mode 

- System logic waits for PLL startup and relock time (100 Jisec) 

- System logic asserts one of the sleep recovery signals (for example, INT or SMI) 

MOTOROLA Chapter 9. Power Management 9-5 
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9.2.2 Power Management Software Considerations 
Since the603e is a dual issue processor with out-of-order execution capability, care must 
be taken in how the power management mode is entered. Furthermore, nap and sleep modes 
require all outstanding bus operations to be completed before the power management "mode 
is entered. Normally during system configuration time, one of the power management 
modes would be selected by setting the appropriate HIDO mode bit. Later on, the power 
management mode is invoked by setting the· MSR[POW] bit. To ensure a clean transition 
into and out of the power· management mode, set the MSR[EE] bit and execute the 
following code sequence: 

sync 

mtmsr[POW = 1] 

isync 

loop: bloop 
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Appendix A 
PowerPC Instruction Set Listings 
This appendix lists the PowerPC 603e microprocessor's instruction set as well as the 
additional PowerPC instructions not implemented in the 603e. Instructions are sorted by 
mnemonic, opcode, function, and form. Also included in this appendix is a quick reference 
table that contains general information, such as the architecture level, privilege level, and 
form, and indicates if the instruction is 64-bit and optional. 

Note that split fields, that represent the concatenation of sequences from left to right, are 
shown in lowercase. For more information refer to Chapter 8, "Instruction Set," in The 
Programming Environments Manual. 

A.1 Instructions Sorted by Mnemonic 
Table A -1 lists the instructions implemented in the PowerPC architecture in alphabetical 
order by mnemonic. 

Table A-1. Complete Instruction List Sorted by Mnemonic 

Key: 

1< I Reserved bits Instruction not implemented in the 603e 

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 

addx 31 D A B 266 

addex 31 D A B 10 

addex 31 D A B 138 

addi 14 D A SIMM 

addie 12 D A SIMM 

addie. 13 D A SIMM 

addis 15 D A SIMM 

addmex 31 D A 234 

addzex 31 D A 202 

andx 31 S A B 28 

andex 31 S A B 60 
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Name 

andi. 

andis. 

bx 

bcx 

bcctrx 

bclrx 

cmp 

cmpi 

cmpl 

crand 

crandc 

creqv 

crnand 

crnor 

cror 

crorc 

crxor 

dcbf 

dcbi 1 

dcbst 

dcbt 

dcbtst 

divwux 

eciwx 

ecowx 

eieio 

A-2 

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 

28 S A UIMM 

29 S A UIMM 

18 LI 

16 BO BI BD 

19 BO BI 528 

16 

31 crfD 0 

11 crfD SIMM 

31 crfD 32 

1,9 crbD crbA crbB 257 

19 crbD crbA crbB 129 

19 crbD crbA crbB 289 

19 crbD crbA crbB 225 

19 crbD crbA crbB 33 

19 crbD crbA crbB 449 

19 crbD crbA crbB ,417 

19 crbD crbA crbB 193 

31 A B 86 

31 A B 470 

31 A B 54 

31 A B 278 

31 A B 246 

31 459 

31 310 

31438 

31 854 
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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 

eqvx 31 S A 
r------------r--------~----------~ 

extsbx 31 S A 

fctiwzx7 63 D 

fdivx7 63 D 

fdivsx7 59 D A B 

fmaddx7 63 D A B 

fmaddsx7 59 D A B C 29 

fmrx7 63 D 72 

fmsubx7 63 D C 28 

fmsubsx7 59 D C 28 

fmulx7 63 D C 25 

fmulsx7 59 D C 25 

fnabsx7 63 D 136 

fnegx7 63 D 40 .w 
fnmaddx 7 63 D A B C 31 

fnmaddsx7 59 D A B C 31 

fnmsubx7 63 D A B C 30 

fnmsubsx7 59 D 

fresx 5,7 59 D 

frspx7 63 D 

frsqrtex5,7 63 D 

fselx 5,7 63 D 
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Name 0 

Ibz 

Ibzu 

Ibzux 

Ibzx 

Itd7 

Itdu7 

Itdux7 

Itdx7 

Its7 

Itsu7 

Itsux7 

Ifsx7 

Iha 

Ihau 

Ihaux 

Ihax 

Ihbrx 

1hz 

Ihzu 

Ihzux 

Ihzx 

Imw 3 

A-4 

34 

35 

31 

31 

50 

51 

31 

31 

48 

49 

31 

31 

42 

43 

31 

31 

31 

40 

41 

31 

31 

46 

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 d 

D A d 

D A B 631 

D A B 599 

D A d 

D A d 

D A B 567 

D A B 535 

D A d 

D A d 

D A B 375 

D A B 343 

D A B 790 

D A d 

D A d 

D A B 311 

D A B 279 

D A d 

MPC603e & EC603e RISC Microprocessors User's Manual MOTOROLA 



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 

Iwzx 31 0 A B 23 

merf 19 crfD 0 

merfs7 63 crfD 64 

merxr 31 crfD 512 

mfer 31 19 

mffsx7 63 0 583 

mfmsr 1 31 0 83 

mfspr 2 31 0 339 

mfsr 1 31 0 595 

mfsrin 1 31 0 659 

mftb 31 0 371 

mterf 31 S 144 

mtfsbOx7 63 crbD 70 

mtfsb1x 7 63 38 

-.J mtfsfx7 63 711 

mtfsfix7 63 134 

mtmsr 1 31 146 

mtspr 2 31 467 

mtsr 1 31 210 
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Name 0 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 

mullwx 31 D A 235 

nandx 31 S A 476 

neg x 31 D A 104 

norx 31 S A 124 

orx 31 S A B 444 

orcx 31 S A B 412 

ori 24 S A UIMM 

oris 25 UIMM 

stb 38 s A d 
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Name 0 

stbu 

stbux 

stbx 

stfdu 

stfdux 

stfdx 

stfiwx 5 

stfs 

stfsu 

stfsux 

stfsx 

sth 

sthbrx 

sthu 

sthux 

sthx 

stmw 3 

stswi 3 

stswx 3 

stw 

stwbrx 

stwcx. 

stwu 

stwux 

stwx 

subfx 

subfcx 

MOTOROLA 

39 

31 

31 

55 

31 

31 

31 

52 

53 

31 

31 

44 

31 

45 

31 

31 

47 

31 

31 

36 

31 

31 

37 

31 

31 

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 d 

s A B 247 

s A B 215 

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 

S A d 

S A B 439 

S A B 407 

S A d 

S A NB 725 

S A B 661 .w 
S A d 

S A B 662 

S A B 150 

S A d 

S A B 183 

S A B 151 

D A B 40 

D A B 8 
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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 

subfex 31 D 

subfic 08 D 

subfmex 31 D 

subfzex 31 

tlbld 1,6 31 

tlbli 1,6 31 

tlbsync1,5 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 64-bit instruction 
5 Optional in the PowerPC architecture 
6 Implementation-specific instruction 

A B 136 

A SIMM 

A 

978 

1010 

566 

4 

A SIMM 

A B 316 

A UIMM 

A UIMM 

7 Floating-point instructions are not supported by the EC603e microprocessor and are trapped by the 
floating-point unavailable exception vector. 
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A.2 Instructions Sorted by Opcode 
Table A-2 lists the instructions defined in the PowerPC architecture in numeric order by 
opcode. 

Key: 

D Reserved bits Instruction not implemented in the 603e 

Table A-2. Complete Instruction List Sorted by Opcode 

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 

mulIi 000111 D A SIMM 

subfic 001000 D A SIMM 

cmpli 001010 crfD A UIMM 

cmpi 001011 crfD A SIMM 

addic 001100 D A SIMM 

addic. 001101 D A SIMM 

addi 001110 D A SIMM 

addis 001111 D A SIMM 

bcx 010000 

sc 010001 

bx 010010 

mcrf 010011 0000000000 

bclrx 010011 0000010000 

crnor 010011 0000100001 

rfi 010011 0000110010 

crandc 010011 0010000001 

isync 010011 0010010110 

crxor 010011 crbD crbA crbB 0011000001 

crnand 010011 crbD crbA crbB 0011100001 

crand 010011 crbD crbA crbB 0100000001 

creqv 010011 crbD crbA crbB 0100100001 

crorc 010011 crbD crbA crbB 0110100001 

cror 010011 crbD crbA 

bcctrx 010011 BO BI 

rlwimix 010100 S A 
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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 

rlwinmx 010101 S A SH MB ME 

rlwnmx 010111 S A B MB ME 

ori 011000 S A UIMM 

oris 011001 S A UIMM 

xori 011010 S A UIMM 

xoris 011011 S A UIMM 

andi. 011100 S A UIMM 

andis. 011101 S A UIMM 

-

Iwzux A B 0000110111 
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Name 0 

Ibzx 

negx 

Ibzux 

norx 

subfex 

addex 

mtcrf 

mullwx 

mtsrin 

dcbtst 

stbux 

MOTOROLA 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

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 

0001010111 

D A 0001101000 

D A 0001110111 

S A B 0001111100 

D A B 

D A B 

S 

-
0011101011 

0011110010 

B 0011110110 

A B 0011110111 
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Name 

addx 

debt 

Ihzx 

eqvx 

tlbie 1,5 

eeiwx 

Ihzux 

xorx 

Iswx 3 

Iwbrx 

A-12 

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 

011111 B 0100001010 

011111 B 0100010110 

011111 B 0100010111 

011111 B 0100011100 

011111 B 0100110010 

011111 D A B 0100110110 

011111 D A B 0100110111 

011111 S A B 0100111100 

011111 D A B 1000010101 

011111 D A B 1000010110 
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Name 0 

Ifsx7 

Ifsux7 

mfsr 

Iswi 3 

sync 

Ifdx7 

Ifdux7 

mfsrin 1 

stswx 3 

stwbrx 

stfsx 

stfsux 

stswi 3 

stfdx7 

stfdux7 

Ihbrx 

eieio 

sthbrx 

extshx 

extsbx 

tlbld 1,6 

icbi 

dcbz 

Iwz 

MOTOROLA 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

011111 

100000 

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

o A B 1000010111 

1000110111 

1001010011 

1001010101 

1001010110 

1001010111 

0 B 1001110111 

0 B 1010010011 

S B 1010010101 

S A B 1010010110 

S A B 1010010111 

S A B 1010110111 

S A NB 1011010101 

S A B 1011010111 

S A B 1011110111 

0 A B 1100010110 

1101010110 

1110010110 

1110011010 .w 
1110111010 

1111010010 

1111010110 

B 1111110110 

A d 
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Ell 

Name 

Iwzu 

Ibz 

Ibzu 

stw 

stwu 

stb 

stbu 

1hz 

Ihzu 

Iha 

Ihau 

sth 

sthu 

Imw 3 

stmw 3 

Its7 

Itsu7 

Itd7 

Itdu7 

stfs7 

stfsu7 

stfd7 

stfdu7 

tmulsx7 

fmsubsx7 

A-14 

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 

D A d 

D A d 

10001 1 D A d 

00100 S A d 

100101 S A d 

100110 S A d 

1 001 1 1 S A d 

1 01 00 D A d 

101 001 D A d 

1 1 010 D A d 

101011 D A d 

101100 S A d 

101101 S A d 

101110 D A d 

101111 S A d 

110000 D A d 

110001 D A d 

110010 D A d 

110011 D A d 

110100 S A d 

110101 S A d 

110110 S A d 

110111 S A d 

111011 D 

111011 D A c 1 1 1 00 
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Name 0 

fmaddsx7 

fnmsubsx7 

frspx7 

fetiwx7 

fetiwzx7 

fdivx7 

fsubx7 

fmulx7 

frsqrtex 5,7 

fmsubx 

fmaddx7 

fnmsubx7 

fnmaddx 7 

fempo 7 

mtfsb1x 7 

fnegx7 

mcrfs7 

mtfsbOx7 

fmrx7 

mtfsfix7 

fnabsx 

fabsx7 

mffsx7 
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111011 

111011 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

111111 

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 c 1 1 1 0 1 

D A B c 1 1 1 1 0 

D 

D 

D 

D 

D 

D 

D 

D A B C 1 1 1 0 1 

D A B C 1 1 1 1 0 

A B C 1 1 1 1 1 

crfD 0000100000 

0000100110 

0000101000 

crfD 0001000000 

~ 0001000110 

0001001000 

crfD 0010000110 

0010001000 

0100001000 

1001000111 
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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 

A-16 

1 Supervisor-level instruction 
2 Supervisor- and user-level instruction 
3 Load and store string or multiple instruction 
4 64-bit instruction 
5 Optional in the PowerPC architecture 
6 603e-implementation specific instruction 
7 Floating-point instructions are not supported by the EC603e microprocessor and are trapped by the 

floating-point unavailable exception vector. 
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A.3 Instructions Grouped by Functional Categories 
Table A-3 through Table A-30 list the PowerPC instructions grouped by function. 

Key: 

D Reserved bits • Instruction not implemented in the 603e 

Table A-3. Integer Arithmetic 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 

addx 31 D A B 266 

addex 31 D A B 10 

addex 31 D A B 138 

addi 14 D A SIMM 

addie 12 D A SIMM 

addie. 13 D A SIMM 

addis 15 D A SIMM 

addmex 31 D A 234 

mullwx 31 D A 235 

negx 31 D A 104 

subfx 31 D A 40 

subfex 31 D A B 8 

subfiex 08 D A SIMM 

subfex 31 D A 136 

subfmex 31 D A 232 

subfzex 31 D A 200 
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Table A-4. Integer Compare 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 

cmp 31 crfD A B 

cmpi 11 crfD A 

cmpl 31 crfD A B 

cmpli 10 crfD A 

Table A-S. Integer Logical Instructions 

Name 0 5 678 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 

andcx 31 S A B 60 

andi. 28 S A UIMM 

norx 31 S A B 124 

orx 31 S A B 444 

orcx 31 S A B 412 

ori 24 S A UIMM 

oris 25 S A UIMM 

1II xorx 31 S A B 316 

xori 26 S A UIMM 

xoris 27 S A UIMM 

Table A-G. Integer Rotate 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 
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Table A-S. Integer Rotate Instructions (Continued) 

Table A-7.lnteger Shift 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 

Table A-S. Floating-Point Arithmetic 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 

faddx 63 

faddsx 59 

fdivx 63 

fdivsx 59 

fmulx 63 

fmulsx 59 

fresx5 59 

frsqrtex 5 63 

fsubx 63 

fsubsx 59 
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Name 0 

fmaddx 

fmaddsx 

fmsubx 

fmsubsx 

fnmaddx 

fnmaddsx 

fnmsubx 

fnmsubsx 

Table A-g. Floating-Point Multiply-Add Instructions7 

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 

63 D A B C 29 Rc 

59 D A B C 29 Rc 

63 D A B C 28 Rc 

59 D A B C 28 Rc 

63 D A B C 31 Rc 

59 D A B C 31 Rc 

63 D A B C 30 Rc 

59 D A B C 30 Rc 

Table A-10. Floating-Point Rounding and Conversion Instructions7 

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 

Table A-11. Floating-Point Compare Instructions7 

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 

fempo 63 crfD A B 32 
f------/----

fempu 63 crfD A B o 

Table A-12. Floating-Point Status and Control Register Instructions7 

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 

merfs 63 64 

mffsx 63 583 

mtfsbOx 63 70 

mtfsblx 63 38 

mtfsfx 31 711 

mtfsfix 63 134 
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Name 0 

Ibz 

Ibzu 

Ibzux 

Ibzx 

Ihau 

Ihaux 

Ihax 

1hz 

Ihzu 

Ihzux 

Iwzu 

Iwzux 

Iwzx 
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34 

35 

31 

31 

43 

31 

31 

40 

41 

31 

33 

31 

31 

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 d 

D A B 375 

D A B 343 

D A d 

D A d 

D A B 311 

D A d 

D A B 55 

D A B 23 
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Table A-14. Integer Store 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 

stb 38 s A d 

stbu 39 s A d 

sthu 45 S A d 
sthux 31 S A B 439 

sthx 31 S A B 407 
stw 36 S A d 

stwu 37 S A d 
stwux 31 S A B 183 

stwx 31 S A B 151 

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

Ihbrx 31 0 A B 790 
Iwbrx 31 0 A B 534 

sthbrx 31 S A B 918 
stwbrx 31 S A B 662 ,. Table A-16. Integer Load and Store Multiple 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 

Imw31 46 0 A d 

~mw3:===4=7===:=====S====:=====A======================d================: 
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Name 0 

Iswi 3 

Iswx 3 

stswi 3 

stswx 3 

Name 0 

Name 0 

Ifd 

Ifdu 

Ifdux 

Ifdx 

Ifs 

Ifsu 

Ifsux 

Ifsx 

MOTOROLA 

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 

31 D A B 533 

31 S A NB 725 

31 S A B 661 

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 

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 2627 28 29 30 31 

50 D A d 

51 D A d 

31 D A B 631 

31 D A B 599 

48 D A d 

49 D A d 

31 D A B 567 

31 D A B 535 
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Name 0 

stfd 

stfdu 

stfdux 

stfdx 

stfiwx 5 

stfs 

stfsu 

stfsux 

stfsx 

Name 

fabsx 

fmrx 

fnabsx 

fnegx 

Name 

bx 

bcx 

bcctrx 

bclrx 

Name 

crand 

crandc 

creqv 

crnand 

crnor 

A-24 

0 

0 

0 

Table A-20. Floating-Point Store Instructions7 

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 0 

31 S A B 727 () 

31 S A B 983 ,0 

52 S A d 

53 S A d 

31 S A B 695 ~ .. '. 
31 S A B 663 () 

Table A-21. Floating-Point Move Instructions7 

5 678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

63 D B 264 Rc 

63 D B 72 Rc 

63 D B 136 Rc 

63 D B 40 Rc 

Table A-22. Branch 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 

18 LI AA LK 

16 BO BI BD AA LK 

19 BO BI 528 LK 

19 BO BI 16 LK 

Table A-23. Condition Register Logical 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 

19 crbD crbA crbB 257 

19 crbD crbA crbB 129 

19 crbD crbA crbB 289 

19 crbD crbA crbB 225 

19 crbD crbA crbB 33 
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Table A-23. Condition Register Logical Instructions (Continued) 

eror 

erore 

erxor 

merf 

Name 0 

19 

19 

19 

19 

rfi1 19 

se 17 

Name 0 

twi 03 

Name 0 

merxr 31 

mfer 31 

mfmsr 1 31 

mfspr 2 31 

mftb 31 

mterf 31 

mtmsr 1 31 

mtspr 2 31 

MOTOROLA 

erbD erbA erbB 449 

erbD erbA erbB 417 

erbD erbA erbB 193 

erfD 

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 SIMM 

Table A-26. Processor Control Instructions 

5 678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

erfS 512 

D 19 

D 83 

D 339 

D 371 

S 144 

S 146 

D 467 
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Table A-27. Cache Management 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 

debt 31 A B 86 

debi 1 31 A B 470 

debst 31 A B 54 

debt 31 A B 278 

debtst 31 A B 246 

debz 31 A B 1014 

iebi 31 A B 982 

Table A-28. Segment Register Manipulation 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 

mfsr 1 31 D 595 

mtsrin 1 31 D 659 

mtsr 1 31 S 210 

mtsrin 1 31 S 242 

Table A-29. Lookaside Buffer Management 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 

tlbld 1,6 31 978 

tlbli 1,6 31 1010 

tlbsyhe1,5 31 566 --
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Table A-30. External Control 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 3031 

eciwx 31 D A 

ecowx 31 S A 

1 Supervisor-level instruction 
2 Supervisor- and user-level instruction 
3 Load and store string or multiple instruction 
4 64-bit instruction 
5 Optional in the PowerPC architecture 
6 603e-implementation specific instruction 

B 310 

B 438 

7 Floating-point instructions are not supported by the EC603e microprocessor and are trapped 
by the floating-point unavailable exception vector. 
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A.4 Instructions Sorted by Form 
Table A-31 through Table A-45 list the PowerPC instructions grouped by form. 

Key: 

D Reserved bits Instruction not implemented in the 603e 

Table A-31. I-Form 

opeD LI 

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~1 __ 18 __ ~ ________________ L_1 ________________ �~AA~ILKI 
Table A-32. B-Form 

opeD BO BI BD 

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 

bcxll--_16_-'--_BO_--'I'---_B_1 _-'-I _____ B_D ---1-\ ___ --'--IAA--L.IL---JKI 
\ 

Table A-33. SC-Form 

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 

Table A-34. D-Form 

opeD 0 A d 

opeD 0 A SIMM - opeD S A d 

opeD S A UIMM 

opeD crfD L A SIMM 

opeD erfD L A UIMM 

opeD TO A SIMM 
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Name 0 

addi 

addic 

addic. 

addis 

andi. 

andis. 

cmpi 

cmpli 

Ibz 

Ibzu 

Ifd? 

Ifdu? 

Ifs? 

Ifsu? 

Iha 

Ihau 

1hz 

Ihzu 

Imw 3 

Iwz 

Iwzu 

mUIli 

ori 

oris 

stb 

stbu 

stfd? 

stfdu? 

stfs? 

stfsu? 

sth 

sthu 

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 

Specific Instructions 

5 6 7 8 9 10 11 12 13 14 15 1 6 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 L A SIMM 

crfD 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 
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stmw 3 47 S A d 

stw 36 S A d 

stwu 37 S A d 

subfic 08 D A SIMM 

twi 03 TO A SIMM 

xori 26 S A UIMM 

xoris 27 S A UIMM 

Table A-3S. OS-Form 

opeD D A ds 

I :~ I opeD S A ds 

Specific Instructions 

Name 0 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 

Table A-36. X-Form 

opeD D xo 
opeD D xo 
opeD D xo 
opeD D xo 
opeD D xo - opeD S A B xo 
opeD S A B xo 
opeD S A B xo 
opeD S A NB xo 
opeD S xo 
opeD S xo 
opeD S xo 
opeD S xo 
opeD S xo 
opeD crfD xo 
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opeD xo 
opeD xo 
opeD xo 
opeD xo 
opeD xo 
opeD xo 
opeD xo 
opeD xo 
opeD xo 
opeD xo 
opeD xo 

andx 31 S B 28 

andex 31 S B 60 

emp 31 crfD B 0 

debf 31 86 

debi 1 31 A B 470 

debst 31 A B 54 

debt 31 A B 278 

debtst 31 A B 246 

debz 31 A B 1014 

eeiwx 31 A B 310 

eeowx 31 438 -.t 
eieio 31 854 

eqvx 31 284 

extsbx 31 954 

MOTOROLA Appendix A. PowerPC Instruction Set Listings A-31 



,. 

fctiwzx7 

A-32 

fmrx7 

fnabsx7 

fnegx7 

frspx7 

icbi 

Ibzux 

Ifdx7 

Ifsux7 

Ifsx7 

Ihaux 

Ihax 

Ihbrx 

Ihzux 

Ihzx 

Iswi 3 

Iswx 3 

Iwarx 

Iwzux 

Iwzx 

mcrfs 

mcrxr 

mfcr 

63 0 15 

63 0 B 72 

63 0 B 136 

63 0 B 40 

63 B 12 

31 B 982 

31 B 119 

31 0 A B 599 

31 0 A B 567 

31 0 A 535 

31 0 A B 375 

31 0 A B 343 

31 0 A B 790 

31 0 A B 311 

31 0 A B 279 

31 0 A NB 597 

31 0 A B 533 

31 0 A B 20 

31 55 

31 23 

63 crfD 64 

31 crfD 512 

31 19 
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mffsx7 63 D 583 

mfmsr 1 31 D 83 

mfsr 1 31 D 595 

mfsrin 1 31 D 659 

mtfsbOx7 63 70 

mtfsb1x 7 63 38 

mtfsfix7 63 crbD 134 

mtmsr 1 31 S 146 

mtsr 1 31 S 210 

mtsrin 1 31 S 242 

nandx 31 S A B 476 

norx 31 S A B 124 

orx 31 S A B 444 

stfdux7 31 S A B 759 

stfdx7 31 S A B 727 

stfiwX5.7 31 S A B 983 

stfsux7 31 S A B 695 

stfsx7 31 S A B 663 

sthbrx 31 S A B 918 

sthux 31 S A B 439 
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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 31 151 

tlbld 1,6 31 978 

tlbli 1,6 31 1010 

tlbsync1,5 31 566 

tw 31 4 

xorx 31 S A 316 

Table A-37. XL-Form 

opeD xo 

opeD xo 

opeD xo 

opeD 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 BI 528 

Ell bclrx 19 BO BI 16 

crand 19 crbD crbA crbB 257 

crandc 19 crbD crbA crbB 129 

creqv 19 crbD crbA crbB 289 

crnand 19 crbD crbA crbB 225 

crnor 19 crbD crbA crbB 33 

cror 19 crbD crbA crbB 449 

crorc 19 crbD crbA crbB 417 

crxor 19 crbD crbA crbB 193 
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isync 19 150 

mcrf 19 0 

rfi 1 19 50 

Table A-3S. XFX-Form 

opeD D spr xo 
opeD D CRM xo 
opeD S spr xo 
opeD D tbr 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 

mfspr 2 31 D spr 339 

mftb 31 D tbr 371 

mtcrf 31 s CRM 144 

mtspr 2 31 D spr 467 

Table A-39. XFL-Form 

FM B 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 

mttsfx
7 !L-_63_---"li=ii::"-.iI ___ F_M __ --JIL-llm~""-:!I __ B_-----L ____ 71_1 ___ ..l..._...JIRCI 

Table A-40. XS-Form 

opeD s A sh 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 

Table A-41. XO-Form 

opeD D A xo 
opeD D A xo 
opeD D A 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 

a:::: IL-l-_-_-_-:=~ ==::====:==========:==========B_B-_-_-_-_--,-+-~=~:========~=:6========:1:::1 
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addex 

addmex 

negx 

subfx 

subfcx 

subfex 

subfmex 

subfzex 

Name 

faddx7 

faddsx7 

fdivx7 

fdivsx7 

fmaddx7 

fmaddsx7 

fmsubx7 

fmsubsx7 

A-36 

31 

31 

31 

31 

31 

31 

31 

31 

OPGD 

OPGD 

OPGD 

OPGD 

0 

63 

59 

63 

59 

63 

59 

63 

59 

D A 

D A 

D A 104 

D A 40 

D A 8 

D A 136 

D A 232 

D A 200 

Table A-42. A-Form 

D 

D 

D 

D 

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 

D A B 

D A B 

D A B 

D A B 

D A B 

D A B 

D A B 
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fmulx7 

fmulsx7 

fnmaddx 7 

fnmaddsx7 

fnmsubx7 

fnmsubsx7 

fresx 5'7 

frsqrtex 5,7 

fsubsX7 

Name 

rlwimix 

rlwinmx 

rlwnmx 

0 

Name 0 

MOTOROLA 

63 

59 

63 

59 

63 

59 

59 

63 

59 

OPCD 

OPCD 

20 

21 

23 

OPCD 

OPCD 

D A C 25 

D A C 25 

D A B C 31 

D A B C 31 

D A B C 30 

D 

D 

D 

D A B 

Table A-43. M-Form 

s A SH MB ME 

1:1 S A B MB ME 

Specific Instructions 

5 678 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 MB ME Rc 

S A SH MB ME Rc 

S A B MB ME Rc 

Table A-44. MD-Form 

s A sh mb XO 

S A sh me XO 

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 
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Table A-45. MDS-Form 

OPCD S A B mb XO 

OPCD S A B me 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 

A-38 

1 Supervisor-level instruction 
2 Supervisor- and user-level instruction 
3 Load and. store string or multiple instruction 
4 64-bit instruction 
5 Optional in the PowerPC architecture 
6 603e-implementation specific instruction 
7 Floating-point instructions are not supported by the EC603e microprocessor and are trapped 

by the floating-point unavailable exception vector. 
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A.S Instruction Set Legend 
Table A -46 provides general information on the PowerPC instruction set (such as the 
architectural level, privilege level, and form). 

Key: 

D Reserved bits Instruction not implemented in the 603e 

Table A-46. PowerPC Instruction Set Legend 

UISA VEA OEA Supervisor Level 64-Bit Optional Form 

addx ,j XO 

addcx ,j XO 

add ex ,j XO 

addi ,j D 

addic ,j D 

addic. ,j D 

addis ,j D 

addmex ,j XO 

addzex ~ XO 

andx ,j X 

andcx ,j X 

andi. ,j D 

andis. ,j D 

bx ,j 

bcx ,j B 

bcctrx ,j XL 

bclrx ,j XL 

cmp ,j X 

cmpi ,j D 

cmpl ,j X 

cmpli ~ D 

cntlzwx ,j X 

crand ~ XL 

crandc ,j XL 

creqv ,j XL 
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ernand --.j XL 

ern or --.j XL 

eror --.j XL 

erore --.j XL 

erxor --.j XL 

debf X 

debi 1 X 

debst --.j X 

debt --.j X 

debtst --.j X 

debz --.j X 

divwx --.j XO 

divwux --.j XO 

eeiwx --.j --.j X 

eeowx ;j --.j X 

eieio ;j X 

eqvx --.j X 

extsbx ;j X 

extshx --.j X 

fetiwx7 --.j X 

fetiwzx7 --.j X 

fdivx7 --.j A 

fdivsx7 ;j A 

fmaddx7 --.j A 
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fmaddsx7 

fmrx 

fmsubx7 

fmsubsx7 

fmulx7 

fmuIsx7 

fnabsx7 

fnegx7 

fnmaddx 7 

fnmaddsx7 

fnmsubx7 

fnmsubsx7 

fresx 5,7 

frspx7 

frsqrtex 5,7 , 

fselx 5,7 

fsubx7 

fsubsx7 

icbi 

isync 

Ibz 

Ibzu 

Ibzux 

Ibzx 

Ifd7 

Ifdu 7 

Ifdux7 

Ifdx7 

MOTOROLA 

--J A 

--J X 

--J A 

--J A 

--J A 

--J A 

--J X 

--J X 

--J A 

--J A 

--J A 

--J A 

--J A 

--J X 

--J --J A 

--J --J A 

--J A 

--J A 

--J X 

--J XL 

--J D 

--J D 

--J X 

--J X 
., 

D 

D 

X 

X 
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A-42 

Ifs7 

Ifsu7 

Ifsux7 

Ifsx7 

Iha 

Ihau 

Ihaux 

Ihax 

Ihbrx 

1hz 

Ihzu 

Ihzux 

Ihzx 

Imw 3 

Iswi 3 

Iswx 3 

Iwbrx 

Iwz 

Iwzu 

Iwzux 

Iwzx 

mcrf 

mcrfs7 

UISA VEA OEA Supervisor Level 64-bit Optional Form 

" D 

" D 

" X 

" X 

" D 

" D 

" X 

" X 

" X 

" D 

" D 

" X 

" X 

" D 

" X 

" X 

" X 

" D 

" D 

" X 

" X 

" XL 

" X 

mcrxr " X 

m~ " X 

~~ " X 

mfmsr 1 "" X 

mfspr 2 " "" XFX 
r-------1--------+------~------------~------~--------+_------~ 

mfsr 1 "" X 

mfsrin 1 "" X 
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mftb 

mtcrf 

mtfsbOx7 

mtfsb1x 7 

mtfsfx7 

mtfsfix7 

mtmsr 1 

mtspr 2 

mtsr 1 

mtsrin 1 

mUIli 

mullwx 

nandx 

negx 

norx 

orx 

orcx 

ori 

oris 

rlwimix 

rlwinmx 

rlwnmx 

MOTOROLA 

UISA 

-J 

-J 

-J 

-J 

-J 

-J 

-J 

-J 

-J 

-J 

-J 

-J 

-J 

-J 

-J 

VEA OEA Supervisor Level 64-bit Optional Form 

-J XFX 

XFX 

X 

X 

XFL 

X 

-J -J X 

-J -J XFX 

-J -J X 

-J -J X 

D 

XO 

X 

XO 

X 

X 

X 

D 

D -
M 

M 

M 
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srwx 

stb 

stbu 

stbux 

stbx 

stfd7 

stfdu7 

stfdux7 

stfdx7 

stfiwx 5,7 

A-44 

Stfs7 

stfsu7 

stfsux7 

stfsx7 

sth 

sthbrx 

sthu 

sthux 

sthx 

UISA VEA OEA Supervisor Level 64-bit Optional 
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Form 

x 
D 

D 

x 
x 

D 

D 

x 
x 
x 
D 

D 

x 
x 
D 

x 
D 

x 

x 
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stmw 3 ~ 

stswi 3 ~ 

stswx 3 ~ 

stw ~ 

stwbrx ~ 

stwCX. ~ 

stwu ~ 

stwux ~ 

stwx ~ 

subfx ~ 

subfcx ~ 

subfex ~ 

subfic ~ 

subfmex ~ 

subfzex ~ 

sync ~ 

tlbld 1,6 

tlbli 1,6 

tlbsync 1,5 

tw ~ 

twi ~ 

xorx ~ 

xori ~ 

xoris ~ 

1 Supervisor-level instruction 
2 Supervisor- and user-level instruction 
3 Load and store string or multiple instruction 
4 64-bit instruction 
5 Optional in the PowerPC architecture 
6 603e-implementation specific instruction 

D 

X 

X 

D 

X 

X 

D 

X 

X 

XO 

XO 

XO 

D 

XO 

XO 

X 

~ X 

~ X 

~ X 

X 

D 

X 

D 

D 

7 Floating-point instructions are not supported by the EC603e microprocessor andare trapped 
by the floating-point unavailable exception vector. 
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Appendix B 
Instructions Not Implemented 
This appendix provides a list of the 32-bit and 64-bit PowerPC instructions that are not 
implemented in the PowerPC 603e microprocessor. It also provides a list of the fioating­
point instructions that are not supported by the EC603e microprocessor and the 64-bit SPR 
encoding that is not implemented by the 603e. Note that any attempt to execute instructions 
that are not implemented on the 603e will generate an illegal instruction exception. Note 
that exceptions are referred to as interrupts in the architecture specification. 

Table B-1 provides the 32-bit PowerPC instructions that are optional to the PowerPC 
architecture but not implemented by the 603e. 

Table B-1. 32-Bit Instructions Not Implemented by the PowerPC G03e 

Mnemonic Instruction 

fsqrt Floating Square Root (Double-Precision) 

fsqrts Floating Square Root Single 

tibia TLB Invalidate All 

Table B-2 provides a list of 64-bit instructions that are not implemented by the 603e and 
EC603e microprocessors. 

Table B-2. 64-Bit Instructions Not Implemented 

Mnemonic Instruction 

cntlzd Count Leading Zeros Double Word 

divd Divide Double Word 

divdu Divide Double Word Unsigned 

extsw Extend Sign Word 

fcfid Floating Convert From Integer Double Word 

fctid Floating Convert to Integer Double Word 

fctidz Floating Convert to Integer Double Word with Round toward Zero 

Id Load Double Word 
/ 

Idarx Load Double Word and Reserve Indexed 
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Table 8-2. 64-Bit Instructions Not Implemented (Continued) 

Mnemonic Instruction 

Idu Load Double Word with Update 

Idux Load Double Word with Update Indexed 

Idx Load Double Word Indexed 

Iwa Load Word Algebraic 

Iwaux Load Word Algebraic with Update Indexed 

Iwax Load Word Algebraic Indexed 

mulld Multiply Low Double Word 

mulhd Multiply High Double Word 

mulhdu Multiply High Double Word Unsigned 

rldcl Rotate Left Double Word then Clear Left 

rider Rotate Left Double Word then Clear Right 

rldic Rotate Left Double Word Immediate then Clear 

rldicl Rotate Left Double Word Immediate then Clear Left 

rldicr 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 

sid 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 

stdcx. 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 
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Table B-3 lists floating-point instructions that are not supported by the EC603e 
microprocessor. The EC603e microprocessor does not support the floating-point unit; 
therefore, floating-point instructions are trapped by the floating-point unavailable exception 
vector but they may be emulated by software. 

MOTOROLA 

Table 8-3. Floating-Point Instructions Not Supported by the 
EC603e Microprocessor 

Mnemonic Instruction 

fabs Floating Absolute 

fadd Floating Add 

fadds Floating Add Single 

fcmpo Floating Compare Ordered 

fcmpu Floating Compare Unordered 

fctiw Floating Convert to Integer Word 

fctiwz Floating Convert to Integer Word with Round toward Zero 

fdiv Floating Divide 

fdivs Floating Divide Single 

fmadd Floating Multiply Add 

fmadds Floating Multipy Add Single 

fmr Floating Move Register 

fmsub Floating Multiply Subtract 

fmsubs Floating Multiply Subtract Single 

fmul Floating Multiply 

fmuls Floating Multiply Single 

fnabs Floating Negative Absolute 

fneg Floating Negative 

fnmadd Floating Negative Multiply-Add (Double-Precision) 

fnmadds Floating Negatve Multiply-Add Single 

fnmsub Floating Negative Multiply-Subtract (Double-Precision) 

fnmsubs Floating Negative Multiply -Subtract Single 

fres Floating Reciprocal Estimate Single 

frsp Floating Round to Single 

frsqrte Floating Reciprocal Square Root Estimate 

fsel Floating Select 

fsqrt Floating Square Root (Double-Precision) 

fsqrts Floating Square Root Single 
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Table 8-3. Floating-Point Instructions Not Supported by the 
EC603e Microprocessor (Continued) 

Mnemonic Instruction 

fsub Floating Subtract 

fsubs Floating Subtract Single 

Ifd Load Floating-Point Double 

Ifdu Load Floating-Point Double with Update 

Ifdux Load Floating-Point Double with Update Indexed 

Ifdx Load Floating-Point 

Ifs Load Floating-Point Single 

Ifsu Load Floating-Point Single with Update 

Ifsux Load Floating-Point Single with Update Indexed 

Ifsx Load Floating-Point Indexed 

mcrfs Move to Condition Register from FPSCR 

mffs Move from FPSCR 

mtfsbO Move to FPSCR Bit 0 

mtfsb1 Move to FPSCR Bit 1 

mtfsf Move to FPSCR Fields 

mtfsfi Move to FPSCR Field Immediate 

stfd Store Floating-Point Double 

stfdu Store Floating-Point Double with Update 

stfdux Store Floating-Point Double with Update Indexed 

stfdx Store Floating-Point Double Indexed 

stfiwx Store Floating-Point as Integer Word Indexed 

stfs Store Floating-Point Single 

stfsu Store Floating-Point Single with Update 

stfsux Store Floating-Point Single with Update Indexed 

stfsx Store Floating-Point Single Indexed 

tibia TLB Invalidate All 

Table B-4 provides the 64-bit SPR encoding that is not implemented by the 603e and 
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EC603e microprocessor. 

Table 8-4. 64-Bit SPR Encoding Not Implemented 

SPR 
Register 

Access 
Decimal spr[5-9] spr[0-4] 

Name 

280 01000 11000 ASR Supervisor 
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Appendix C 
PowerPC 603 Processor System Design 
and Programming Considerations 
While the PowerPC 603 microprocessor shares most of the attributes of the PowerPC 603e 
microprocessor, the system designer or programmer should keep in mind the 603 hardware 
and software differences, described in the following sections, that can require modifications 
to accommodate the 603 in systems designed for the 603e. 

C.1 PowerPC 603 Microprocessor Hardware 
Considerations 

The 603's hardware implementation differs from the 603e in the following ways: 

• XATS signal replaces CSEI signal 

• Hardware support for access to direct -store segments 

• Bus clock multipliers of 1: 1, 2: 1, 3: 1, and 4: 1 only 

• 8-Kbyte, two-way set associative instruction and data caches 

• HID 1 register not implemented in 603 

The following sections provide further information on the operation of some of the 
hardware features specific to the 603. 

C.1.1 Hardware Support for Direct-Store Accesses 
The 603 provides hardware support for direct-store bus accesses through the provision of 
the extended address transfer start (XATS) signal, and support for direct-store accesses in 
the bus interface unit. Direct-store accesses are invoked when a segment register T bit is set 
to 1. 

The operation of the XATS signal is described in the following section. The XATS signal 
is in the same location as the CSEI signal on the 603e. 
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C.1.1.1 Extended Address Transfer Start (XATS) 
The XATS signal is both an input and an output signal on the 603. 

C.1.1.1.1 Extended Address Transfer Start (XATS)-Output 
Following are the state meaning and timing comments for the XATS output signal. 

State Meaning Asserted-Indicates that the 603 has begun a direct-store operation 
and that the first address cycle is valid. When asserted with the 
appropriate XATC signals it is also an implied data bus request for 
certain direct-store operation (unless it is an address-only operation). 

Negated-Is negated during an entire memory transaction. 

Timing Comments Assertion-Coincides with the assertion of ABB. 
Negation-Occurs one bus clock cycle after the assertion of XATS. 

High Impedance-Coincides with the negation of ABB. 

C.1.1.1.2 Extended Address Transfer Start (XATS)-Input 
Following are the state meaning and timing comments for the XATS input signal. 

State Meaning Asserted-Indicates that the 603 must check for a direct-store 
operation reply. 

Negated-Indicates that there is no need to check for a direct-store 
operation reply. 

Timing Comments Assertion-May occur while ABB is asserted. 
Negation-Must occur one bus clock cycle after XATS is asserted. 

C.1.2 Direct-Store Protocol Operation 
The 603 defines separate memory-mapped and 110 address spaces, or segments, 
distinguished by the corresponding segment register T bit in the address translation logic of 
the 603. If the T bit is cleared, the memory reference is a normal memory-mapped access 
and can use the virtual memory management hardware of the 603. If the T bit is set, the 
memory reference is a direct -store access. 

The following points should be considered for direct-store accesses: 

• The use of direct-store segment accesses may have a significant impact on the 
performance of the 603. The provision of direct-store segment access capability by 
the 603 is to provide compatibility with earlier hardware 110 controllers and may not 
be provided in future derivatives of the 603 family. 

• Direct-store accesses are strongly ordered; for example, these accesses occur on the 
bus strictly in order with respect to the instruction stream. 

• Direct-store accesses provide synchronous error reporting. 

The 603 has a single bus interface to support both memory accesses and direct-store 
segment accesses. 
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The direct-store protocol for the 603 allows for the transfer of 1 to 128 bytes of data 
between the 603 and the bus unit controller (BUC) for each single load or store request 
issued by the program. The block of data is transferred by the 603 as mpltiple single-beat 
bus transactions (individual address and data tenure for each transaction) until completion. 
The program waits for the sequence of bus transactions to be completed so that a final 
completion status (error or no error) can be reported precisely with respect to the program 
flow. The completion status is snooped by the 603 from a bus transaction run by the BUC. 

The system recognizes the assertion of the TS signal as the start of a memory-mapped 
access. The assertion ofXATS indicates a direct-store access. This allows memory-mapped 
devices to ignore direct-store transactions. If XATS is asserted, the access is to a direct­
store space and the following extensions to the memory access protocol apply: 

• A new set of bus operations are defined. The transfer type, transfer burst, and transfer 
size signals are redefined for direct-store operations; they convey the opcode for the 
I/O transaction (see Table C-I). 

There are two beats of address for each direct-store transfer. The first beat (packet 0) 
provides basic address information such as the segment register and the sender tag 
and several control bits; the second beat (packet 1) provides additional addressing 
bits from the segment register and the logical address. 

• The TT[0-3] , TBST, and TSIZ[0-2] signals are remapped to form an 8-bit extended 
transfer code (XATC) which specifies a command and transfer size for the 
transaction. The XATC field is driven and snooped by the 603 during direct-store 
transactions. 

• Only the data signals such as DH[0-31] and DP[0-3] are used. The lower half of the 
data bus and parity is ignored. 

• The sender that initiated the transaction must wait for a reply from the receiver bus 
unit controller (BUC) before starting a new operation. 

• The 603 does not burst direct-store transactions. All direct-store transactions 
generated by the 603 are single-beat transactions of 4 bytes or less (single data beat 
tenure per address tenure). 

Direct-store transactions use separate arbitration for the split address and data buses and 
define address-only and single-beat transactions. The address-retry vehicle is identical, 
although there is no hardware coherency support for direct-store transactions. The ARTRY 
signal is useful, however, for pacing 603 transactions, effectively indicating to the 603 that 
the BUC is in a queue-full condition and cannot accept new data. 

In addition to the extensions noted above, there are fundamental differences between 
memory-mapped and direct-store operations. For example, only half of the 64-bit data path 
is available for 603 direct-store transactions. This lowers the pin count for I/O interfaces but 
generally results in substantially less bandwidth than memory-mapped accesses. 
Additionally, load/store instructions that address direct-store segments cannot complete 
successfully without an error-free reply from the addressed BUC. Because normal direct-
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store accesses involve multiple 110 transactions (streaming), they are likely to be very long 
latency instructions; therefore, direct-store operations usually stall 603 instruction issue. 

Figure C-l shows a direct-store tenure. Note that the 110 device response is an address-only 
bus transaction. 

ADDRESS TENURE 1/0 RESPONSE 
~ __________ ~A~ ____________ ~ ~ ____________ ~A~ ____________ ~ 

r~ ________ ~ ________ ~ ________ ~\ r~ ________ ~ ________ ~ ________ ~ 
ARBITRATION TERMINATION ••• ARBITRATION 

INDEPENDENT ADDRESS AND DATA 

~ 
DATA TENURE 

NO DATA TENURE FOR 1/0 RESPONSE 
ARBITRATION TRANSFER TERMINATION ••• (1/0 responses are address-only) 

Figure C-1. Direct-Store Tenures 

It should be noted that in the best case, the use of the 603 direct-store protocol degrades 
performance and requires the addressed controllers to implement 603 bus master capability 
to generate the reply transactions. 

C.1.2.1 Direct-Store Transactions 
The 603 defines seven direct-store transaction operations, as shown in Table C-l. These 
operations permit communication between the 603 and BUCs. A single 603 store or load 
instruction (that translates to a direct-store access) generates one or more direct-store 
operations (two or more direct-store operations for loads) from the 603 and one reply 
operation from the addressed BUC. 

Table C-1. Direct-Store Bus Operations 

Operation Address Only Direction XATC Encoding 

Load start (request) Yes 603 => 10 01000000 

Load immediate No 603 => 10 0101 0000 

Load last No 603 => 10 0111 0000 

Store immediate No 603 => 10 0001 0000 

Store last No 603=> 10 0011 0000 

Load reply Yes 10 => 603 11000000 

Store reply Yes 10=> 603 10000000 
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For the first beat of the address bus, the extended address transfer code (XATC) contains 
the 110 opcode as shown in Table C-l; the opcode is formed by concatenating the transfer 
type, transfer burst, and transfer size signals defined as follows: 

XATC = TT[0:3]IITBSTIITSIZ[0-2] 

C.1.2.1.1 Store Operations 
There are three operations defined for direct-store store operations from the 603 to the 
BUC, defined as follows: 

1. Store immediate operations transfer up to 32 bits of data each from the 603 to the 
BUC. 

2. Store last operations transfer up to 32 bits of data each from the 603 to the BUC. 

3. Store reply from the BUC reveals the success/failure of that direct-store access to the 
603. 

A direct-store store access consists of one or more data transfer operations followed by the 
110 store reply operation from the BUC. If the data can be transferred in one 32-bit data 
transaction, it is marked as a store last operation followed by the store reply operation; no 
store immediate operation is involved in the transfer, as shown in the following sequence: 

STORE LAST (from 603) 

• 
• 

STORE REPLY (from BUC) 

However, if more data is involved in the direct-store access, there will be one or more store 
immediate operations. The BUC can detect when the last data is being transferred by 
looking for the store last opcode, as shown in the following sequence: 

STORE IMMEDIATE(s) 

• 
• 

STORE LAST 

• 
• 

STORE REPLY 

C.1.2.1.2 Load Operations 
Direct-store load accesses are similar to store operations, except that the 603 latches data _ 
from the addressed BUC rather than supplying the data to the BUC. As with memory 
accesses, the 603 is the master on both load and store operations; the external system must 
provide the data bus grant to the 603 when the BUC is ready to supply the data to the 603. 

The load request direct-store operation has no analogous store operation; it informs the 
addressed BUC of the total number of bytes of data that the BUC must provide to the 603 
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on the subsequent load immediate/load last operations. For direct-store load accesses, the 
simplest, 32-bit (or fewer) data transfer sequence is as follows: 

LOAD REQUEST 

• 

LOAD LAST 

• 
• 

LOAD REPLY (from BUC) 

However, if more data is involved in the direct-store access, there will be one or more load 
immediate operations. The BUC can detect when the last data is being transferred by 
looking for the load last opcode, as seen in the following sequence: 

LOAD REQUEST 

• 
• 

LOAD IMM(s) 

• 

LOAD LAST 

• 
• 

LOAD REPLY 
Note that three of the seven defined operations are address-only transactions and do not use 
the data bus. However, unlike the memory transfer protocol, these transactions are not 
broadcast from one master to all snooping devices. The direct-store address-only 
transaction protocol strictly controls communication between the 603 and the BUC. 

C.1.2.2 Direct-Store Transaction Protocol Details 
. As mentioned previously, there are two address-bus beats corresponding to two packets of 
. information about the address. The two packets contain the sender and receiver tags, the 

address and extended address bits, and extra control and status bits. The two beats of the 
address bus (plus attributes) are shown at the top of Figure C-2 as two packets. The first 
packet, packet 0, is then expanded to depict the XATC and address bus information in 
detail. 
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C.1.2.2.1 Packet 0 
Figure C-2 shows the organization of the first packet in a direct-store transaction. 

The XATC contains the I/O opcode, as discussed earlier and as shown in Table C-1. The 
address bus contains the following: 

Key bit " segment register" sender tag 

A(O-31)+Attributes ~ 

__ --------------------~A~--------------------_ r Address Bus (AO-A31) "\ 

__ --------------------~A~--------------------~ ( \ 
o 7 o 1 2 3 1112 27 28 31 
I XATC I + I I I I I I 

I/O Opcode ~ '--y-l 

1 

t" .J PID I From segm~~nt-R-e-g-ist-e-r -----' 

Key Bit 

Reserved 

Figure C-2. Direct-Store Operation-Packet 0 

This information is organized as follows: 

• Bits 0 and I of the address bus are reserved-the 603 always drives these bits to zero. 

• Key bit-Bit 2 is the key bit from the segment register (either SR[Kp] or SR[Ks]). 
Kp indicates user-level access and Ks indicates supervisor-level access. The 603 
multiplexes the correct key bit into this position according to the current operating 
context (user or supervisor). (Note that user- and supervisor-level refer to problem 
and privileged state, respectively, in the architecture specification.) 

• Segment register-Address bits 3-27 correspond to bits 3-27 of the selected 
segment register. Note that address bits 3-11 form the 9-bit receiver tag. Software 
must initialize these bits in the segment register to the ID of the BUC to be 
addressed; they are referred to as the BUID (bus unit ID) bits. 

• PID (sender tag)-Address bits 28-31 form the 4-bit sender tag. The 603 PID 
(processor ID) comes from bits 28-31 of the 603's processor ID register. The 4-bit 
PID tag allows a maximum of 16 processor IDs to be defined for a given system. If 
more bits are needed for a very large multiprocessor system, for example, it is 
envisioned that the second-level cache (or equivalent logic) can append a larger 
processor tag as needed. The BUC addressed by the receiver tag should latch the 
sender address required by the subsequent I/O reply operation. 
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C.1.2.2.2 Packet 1 
The second address beat, packet 1, transfers byte counts and the physical address for the 
transaction, as shown in Figure C-3. 

ADDR + ~mlm!()(pKT 1) 
~ ____________________________ ~A~ __________________________ ~ 
/ \ 
o 7 0 3 4 31 
I XATC I + ISR(28-31 j Bus Address I 

Byte Count Address Bus (AO-A31) 

Figure C-3. Direct-Store Operation-Packet 1 

For packet 1, the XATC is defined as follows: 

• Load request operations-XATC contains the total number of bytes to be transferred 
(128 bytes maximum for 603). 

• Immediate/last (load or store) operations-XATC contains the current transfer byte 
count (1 to 4 bytes). 

Address bits 0-31 contain the physical address of the transaction. The physical address is 
generated by concatenating segment register bits 28-31 with bits 4-31 of the effective 
address, as follows: 

Segment register (bits 28-31) II effective address (bits 4-31) 

While the 603 provides the address of the transaction to the BUC, the BUC must maintain 
a valid address pointer for the reply. 

C.1.2.3 1/0 Reply Operations 
BUCs must respond to 603 direct-store transactions with an I/O reply operation, as shown 
in Figure C-4. The purpose of this reply operation is to inform the 603 of the success or 
failure of the attempted direct-store access. This requires the system direct-store slave to 
have 603 bus mastership capability-a substantially more complex design task than bus 
slave implementations that use memory-mapped I/O access. 

Reply operations from the BUC to the 603 are address-only transactions. As with packet 0 
of the address bus on 603 direct-store operations, the XATC contains the opcode for the 
operation (see Table C-1). Additionally, the I/O reply operation transfers the 
sender/receiver tags in the first beat. 
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Address Bus (AD-A31) 

__ ---------------------------------JA~------------------------------~ I \ 
o 7 0 1 2 3 1112 27 28 31 

I XATC I + I I I lil[lljIII111111!~!IIIII~.!I!III~III~j!IIII!!!illtll!1IlIIU!I:mil~!riiI1~IMI!I!Ii!~ljl'!U!I!iI I 
I/OOpcode ~\. __ ----,)~ 

)
1 "- BUID ' V Bue ~eCijiC J PID 

Error Segment Register 
Bit 

Reserved 

Figure C-4. 1/0 Reply Operation 

The address bits are described in Table C-2. 

Table C-2. Address Bits for 1/0 Reply Operations 

Address Bits Description 

0-1 Reserved. These bits should be cleared for compatibility with future PowerPC microprocessors; 

2 Error bit. It is set if the BUC records an error in the access. 

3-11 BUIO. Sender tag of a reply operation. Corresponds with bits 3-11 of one of the 603 segment 
registers. 

12-27 ,Address bits 12-27 are BUC-specific and are ignored by the 603. 

28-31 PIO (receiver tag). The 603 effectively snoops operations on the bus and,on reply operations, 
compares this field to bits 28-31 of the PIO register to determine if it should recognize this I/O reply. 

The second beat of the address bus is reserved; the XATC and address buses should be 
driven to zero to preserve compatibility with future protocol enhancements. 

The following sequence occurs when the 603 detects an error bit set on an 110 reply 
operation: 

1. The 603 completes the instruction that initiated the access. 

2. If the instruction is a load, the data is forwarded to the register file(s)/sequencer. 

3. A direct-store error exception is generated, which transfers 603 control to the direct­
store error exception handler to recover from the error. 

If the error bit is not set, the 603 instruction that initiated the access completes and 
instruction execution resumes. 
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System designers should note the following: 

• "Misplaced" reply operations (that match the processor tag and arrive unexpectedly) 
are ignored by the 603. 

• External logic must assert AACK for the 603, even though it is the receiver of the 
reply operation. AACK is an input-only signal to the 603. 

• The 603 monitors address parity when enabled by software and XATS and reply 
operations (load or store). 

C.1.2.4 Direct-Store Operation Timing 
The following timing diagrams show the sequence of events in a typical 603 direct-store 
load access (Figure C-5) and a typical 603 direct-store store access (Figure C-6). All 
arbitration signals except for ABB and DBB have been omitted for clarity, although they 
are still required. Note that, for either case, the number of immediate operations depends 
on the amount and the alignment of data to be transferred. If no more than 4 bytes are being 
transferred, and the data is double-word-aligned (that is, does not straddle an 8-byte address 
boundary), there will be no immediate operation as shown in the figures. 

The 603 can transfer as many as 128 bytes of data in one load or store instruction (requiring 
more than 33 immediate operations in the case of misaligned operands). 

In Figure C-5, XA TS is asserted with the same timing relationship as TS in a memory 
access. Notice, however, that the address bus (and XATC) transition on the next bus clock 
cycle. The first of the two beats on the address bus is valid for one bus clock cycle window 
only, and that window is defined by the assertion of XATS. The second address bus beat, 
however, can be extended by delaying the assertion of AACK until the system has latched 
the address. 

The load request and load reply operations, shown in Figure C-5, are address-only 
transactions as denoted by the negated TT3 signal during their respective address tenures. 
Note that other types of bus operations can occur between the individual direct-store 
operations on the bus. The 603 involved in this transaction, however, does not initiate any 
other direct-store load or store operations once the first direct-store operation has begun 
address tenure; however, if the 110 operation is retried, other higher-priority operations can 
occur. 

Notice that, in this example (zero wait states), 13 bus clock cycles are required to transfer 
no more than 8 bytes of data. 
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Figure C-S. Direct-Store Interface Load Access Example 

Figure C-6 shows a direct-store store access comprised of three direct-store operations. As 
with the example in Figure C-5, notice that data is transferred only on the 32 bits of the DR 
bus. As opposed to Figure C-5, there is no request operation since the 603 has the data ready 
for the BUC. 

The assertion of the TEA signal during a direct-store operation indicates that an 
unrecoverable error has occurred. If the TEA signal is asserted during a direct-store 
operation, the TEA action will be delayed and the following direct-store transactions will 
continue until all data transfers from the direct store segment had been completed. The bus 
agent that asserts TEA is responsible for asserting the TEA signal for every direct-store 
transaction tenure including the last one. The direct-store reply, in this case, is not required 
and will be ignored by the processor. The processor will take a machine check exception 
after the last direct-store data tenure has been terminated by the assertion of TEA, and not 
before. 
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Figure C-6. Direct-Store Interface Store Access Example 

C.1.3 CSE Signal 
The 603 employs two-way set associativity for both the instruction and data caches, in place 
of the four-way set associativity of the 603e. The CSE signal indicates which cache set is 
being loaded during a cache line fill. 

Table C-3 shows the CSE signal encoding indicating the cache set selected during a cache 
load operation. 

Table C-3. CSE Signal Encoding 

CSE Cache Set Element 

0 Set 0 

1 Set 1 

C.1.4 PowerPC 603 Processor Bus Clock Multiplier Configuration 
The 603 provides support for bus clock multipliers of 1:1, 2:1, 3:1, and 4:1. The bus clock 
multipliers are selected through the setting of the PLL_CFG[0-3] signals as shown in 
Table C-4. 
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PLL_CFG 
0-3 

0000 

0001 

0010 

0100 

0101 

1000 

1001 

1100 

0011 

1111 

Notes: 

Table C-4. PowerPC 603 Microprocessor PLL Configuration 

Bus, cPU, and PLL Frequencies 

CPU! 
Bus Bus Bus Bus Bus Bus Bus SYSCLK 

Ratio 
16.6 MHz 20 MHz 25 MHz 33.3 MHz 40 MHz 50 MHz 66.6 MHz 

1 :1 - - - - - - 66.6 
(133) 

1 :1 - - - 33.3 40 50 -

(133) (160) (200) 

1: 1 16.6 20 25 - - - -
(133) (160) (200) 

2:1 - - - 66.6 80 100 -
(133) (160) (200) 

2:1 33.3 40 50 - - - -
(133) (160) (200) 

3:1 - - 75 100 - - -
(150) (200) 

3:1 50 - - - - - -
(200) 

4:1 66.6 80 100 - - - -
(133) (160) (200) 

PLL bypass 

Clock off 

1. Some PLL configurations may select bus, CPU, or PLL frequencies which are not useful, not 
supported, or not tested for by the 603. PLL frequencies (shown in parenthesis in ) should not 
fall below 133 MHz, and should not exceed 200 MHz. 

2. In PLL bypass mode, the SYSCLK input signal clocks the internal processor directly, the PLL 
is disabled, and the bus mode is set for 1:1 mode operation. This mode is intended for factory 
use only. Note that the AC timing specifications given in this document do not apply in PLL 
bypass mode. 

3. In clock-off mode, no clocking occurs inside the 603 regardless of the SYSCLK input.4. 
PLL_CFGO-PLL_CFG1 signals selectthe CPU-to-bus ratio (1:1,2:1,3:1,4:1), 
PLL_CFG2-PLL_CFG3 signals select the CPU-to-PLL multiplier (x2, x4, x8). 

C.1.S PowerPC 603 Processor Cache Organization 
The 603 provides two 8-Kbyte, two-way set associative caches to allow the registers and 
execution units rapid access to instructions and data. The instruction and data caches are 
configured as 128 sets of two blocks. The operation of the 603's instruction and data caches 
is consistent with the caches in the 603e, with the exception of the reduced cache size and 
set associativity. 
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C.1.S.1 Instruction Cache Organization 
The organization of the instruction cache is shown in Figure C-7. Each cache block 
contains eight contiguous words from memory that are loaded from an eight-word 
boundary (that is, bits A27-A31 of the logical (effective) addresses are zero); as a result, 
cache blocks are aligned with page boundaries. 

Note that address bits A20:-A26 provide an index to select a set. Bits A27 -A31 select a byte 
within a block. The tags consists of bits PAO-PA19. Address translation occurs in parallel, 
such that higher-order bits (the tag bits in the cache) are physical. Note that the replacement 
algorithm is strictly an LRU algorithm; that is, the least recently used block is filled with 
new instructions on a cache miss. 
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BLOCK 0 

BLOCK 127 

I I I 

ADDRESS TAG 
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ADDRESS TAG 
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Figure C-7.lnstruction Cache Organization 

C.1.S.2 Data Cache Organization 
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The organization of the data cache is shown in Figure C-S. Each cache block contains eight 
contiguous words from memory that are loaded from an eight-word boundary (that is, bits 
A27-A31 of the logical (effective) addresses are zero); as a result, cache blocks are aligned 
with page boundaries. 
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Note that address bits A20-A26 provide an index to select a set. Bits A27-A31 select a byte 
within a block. The tags consists of bits PAO-PAI9. Address translation occurs in parallel, 
such that higher-order bits (the tag bits in the cache) are physical. Note that the replacement 
algorithm is strictly an LRU algorithm; that is, the least recently used block is filled with 
new data on a cache miss. 
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Figure C-S. Data Cache Organization 

C.1.6 PLL Configuration (PLL_CFG[O-3])-lnput 
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The 603 operates as described in Section 7.2.12.3, "PLL Configuration (PLL_CFG[O-
3D-Input," except for the following: 

To avoid incorrect operation of the PLL, the clock input to the SYSCLK signal input should 
be stable and within the frequency range specified for the selected PLL_ CFG configuration 
during power-up, during normal operation, or when exiting the sleep power-saving mode. 

C.1.7 Address Pipelining and Split-Bus Transactions 
The 603 operates as described in Section 8.2.2, "Address Pipelining and Split-Bus 
Transactions," except for the following: 

Note that in multiprocessor systems, addresses associated with cache line loads are not 
snooped between the third and fourth beat during the data tenure when the system is 
configured for 64-bit bus operation. 
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When configured for 32-bit bus operation, cache line loads are not snooped between the 
sixth and eighth beats. To ensure memory coherency, multiprocessor systems should avoid 
pipelined operation, or disallow snooping during the last data beat of a cache load 
operation. 

C.1.8 Data Bus Arbitration 
The 603 operates as described in Section 8.4.1, "Data Bus Arbitration," except for the 
following: 

When the 603 is configured for 1: 1 processor to bus clock operation and DBG is always 
held asserted, multiple single-beat writes will cause incorrect data to be written to memory. 
The DBG signal should only be asserted when the data tenure can be started on the 
following bus cycle. 

C.2 PowerPC 603 Processor Software 
Considerations 

When developing software for the 603, the programmer should note the following 
differences from the 603e: 

• The 603 supports direct-store accesses; setting T = 1 in a segment register does not 
result in a DSI exception. 

• Store instructions have two-cycle latency and two-cycle throughput. 

• The 603 does not perform integer add or compare instructions in the SRU. 

• The 603 does not implement the key bit (bit 12) in SRR1 to provide information 
about memory protection violations prior to page table search operations. 

• HID1 is not implemented by the 603; no read-only access to the PLL_CFG signal 
configuration is provided. 

The PVR value for the 603 is Ox0003. 

The following sections provide further information on the 603 attributes that may affect 
software written for the 603e. 

C.2.1 Direct-Store Interface Address Translation 
With address translation enabled, all memory accesses generated by the 603 map to a 
segment descriptor in the segment table. If T = 1 for the selected segment descriptor and 
there are no BAT hits, the access maps to the direct-store interface, invoking a specific bus 
protocol for accessing some special-purpose 110 devices. Direct-store segments are 
provided for POWER compatibility. As the direct-store interface is present only for 
compatibility with existing 110 devices that used this interface and the direct -store interface 
protocol is not optimized for performance, its use is discouraged. The selection of address 
translation type differs for instruction and data accesses only in that instruction accesses are 
not allowed from direct-store segments; attempting to fetch an instruction from a direct-
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store segment causes an lSI exception.Applications that require low latency load/store 
access to external address space should use memory-mapped 110, rather than the direct­
store interface. Refer to Chapter 5, "Memory Management" for additional information 
about address translation and memory accesses. 

C.2.1.1 Direct-Store Segment Translation Summary Flow 
Figure C-9 shows the flow used by the MMU when direct-store segment address translation 
is selected. In the case of a floating-point load or store operation to a direct-store segment, 
other implementations may not take an alignment exception, as is allowed by the PowerPC 
architecture. In the case of an eciwx, ecowx, lwarx, or stwcx. instruction, the 603 sets the 
DSISR register as shown and causes the DSI exception. 
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Direct-Store 
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' ....... 

otherwise ) 
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- - - Optional to the PowerPC architecture. Implemented in the 603. 

Figure e-g. Direct-Store Segment Translation Flow 
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A direct-store access occurs when a data access is initiated and SR[T] is set. In the 603, 
MSR[DR] is a don't care for this case. The following apply for direct-store accesses: 

• Floating-point loads and stores to direct-store segments always cause an alignment 
exception, regardless of operand alignment. 

• lwarx or stwcx. instructions that map into a direct-store segment always cause a DSI 
exception. However, if the instruction crosses a segment boundary, an alignment 
exception is taken instead. 

C.2.1.2 Direct-Store Interface Accesses 
When the address translation process determines that the segment descriptor has T = 1, 
direct-store interface address translation is selected and no reference is made to the page 
tables and referenced and changed bits are not updated. These accesses are performed as if 
the WIMG bits were Ob0101; that is, caching is inhibited, the accesses bypass the cache, 
hardware-enforced coherency is not required, and the accesses are considered guarded. 

The specific protocol invoked to perform these accesses involves the transfer of address and 
data information in packets; however, the PowerPC OEA does not define the exact 
hardware protocol used for direct-store interface accesses. Some instructions cause 
multiple address/data transactions to occur on the bus. In this case, the address for each 
transaction is handled individually with respect to the DMMU. 

The following data is sent by the 603 to the memory controller in the protocol (two packets 
consisting of address-only cycles). 

• Packet 0 

-.:.. One of the Kx bits (Ks or Kp) is selected to be the key as follows: 

- For supervisor accesses (MSR[PR] = 0), the Ks bit is used and Kp is ignored. 

- For user accesses (MSR[PR] = 1), the Kp bit is used and Ks is ignored. 

- The contents of bits 3-31 of the segment register, which is the BUID field 
concatenated with the "controller-specific" field. 

• Packet 1-SR[28-31] concatenated with the 28 lower-order bits of the effective 
address, EA4-EA31. 

C.2.1.3 Direct-Store Segment Protection 
Page-level memory protection as described in Section 5.4.2, "Page Memory Protection," is 
not provided for direct-store segments. The appropriate key bit (Ks or Kp) from the segment 
descriptor is sent to the memory controller, and the memory controller implements any 
protection required. Frequently, no such mechanism is provided; the fact that a direct-store 
segment is mapped into the address space of a process may be regarded as sufficient 
authority to access the segment. 
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C.2.1.4 Instructions Not Supported in Direct-Store Segments 
The following instructions are not supported at all and cause a DSI exception in the 603 
(with DSISR[5] set) when issued with an effective address that selects a segment descriptor 
that has T = 1 (or when MSR[DR] = 0): 

• lwarx 
• stwex. 

• eciwx 
• eeowx 

C.2.1.S Instructions with No Effect in Direct-Store Segments 
The following instructions are executed as no-ops by the 603 when issued with an effective 
address that selects a segment where T = 1: 

• debt 
• debtst 
• debf 
• debi 
• debst 

• debz 
icbi 

C.2.2 Store Instruction Latency 
The store instructions executed by the 603 execute with 2-cycle latency, and 2-cycle 
throughput, in contrast to the 2-cycle latency and 1-cycle throughput of the 603e. Table C-5 
provides the latencies for the store instructions executed by the 603. 
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Table C-S. Store Instruction Timing 

Primary Extended Mnemonic Unit Cycles 

31 151 stwx LSU 2:2 

31 183 stwux LSU 2:2 

31 215 stbx LSU 2:2 

31 247 stbux LSU 2:2 

31 407 sthx LSU 2:2 

31 438 ecowx LSU 2:2 

31 439 sthux LSU 2:2 

31 662 stwbrx LSU 2:2 

31 663 stfsx LSU 2:2 

31 695 stfsux LSU 2:2 

31 727 stfdx LSU 2:2 
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Table C-S. Store Instruction Timing (Continued) 

Primary Extended Mnemonic Unit Cycles 

31 918 sthbrx LSU 2:2 

31 983 stfiwx LSU 2:2 

36 --- stw LSU 2:2 

37 --- stwu LSU 2:2 

38 --- stb LSU 2:2 

39 --- stbu LSU 2:2 

44 --- 5th LSU 2:2 

45 --- sthu LSU 2:2 

52 --- stfs LSU 2:2 

53 --- stfsu LSU 2:2 

54 --- stfd LSU 2:2 

55 --- stfdu LSU 2:2 

C.2.3 Instruction Execution by System Register Unit 
Unlike the 603e, the 603's SRU does not execute integer add and compare instructions. 
Table C-6 lists the instructions executed by the 603's SRU, and the number of cycles 
required for execution. 

Table C-6. System Register Instructions 

Primary Extended Mnemonic Unit Cycles 

17 - -1 sc SRU 3 

19 050 rfi SRU 3 

19 150 isync SRU 1& 

31 083 mfmsr SRU 1 

31 146 mtmsr SRU 2 

31 210 mtsr SRU 2 

31 242 mtsrin SRU 2 

31 339 mfspr (not I/DBATs) SRU 1 

31 339 mfspr (DBATs) SRU 3& 

31 339 mfspr (IBATs) SRU 3& 

31 467 mtspr (not IBATs) SRU 2 (XER-&) 

31 467 mtspr (IBATs) SRU 2& 

31 595 mfsr SRU 3& 

31 598 sync SRU 1& 
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Table C-6. System Register Instructions (Continued) 

Primary Extended Mnemonic Unit Cycles 

31 659 mfsrin SRU 3& 

31 854 eieio SRU 1 

31 371 mftb SRU 1 

31 467 mttb SRU 1 

Note: Cycle times marked with "&" require a variable number of cycles due to 
serialization. 

C.2.4 Machine Check Exception (Ox00200) 
The 603 operates as described in Section 4.5.2, "Machine Check Exception (Ox00200)," 
with the exception of the following: 

To ensure memory coherency following the assertion of TEA, the instruction cache should 
be invalidated by setting and clearing HIDO[ICFI], and flushing the data cache before 
performing any load or store operations, or executing any data cache management 
instructions other than debf. 

Note that an assertion of TEA during an instruction fetch will result in an immediate 
instruction refetch before the machine check exception is taken, which will result in a 
second assertion of the TEA signal. The second assertion of TEA while the machine check 
exception is pending from the previous TEA assertion will result in the 603 entering the 
checks top state instead of taking the machine check exception. 

C.2.5 Instruction Address Breakpoint Exception (Ox01400) 
The 603 operates as described in Section 4.5.15, "Instruction Address Breakpoint 
Exception (OxO 1300)," with the exception of the following: 

To avoid spurious IABR exceptions, the IABR special-purpose register should not be 
loaded with an address that falls within the same cache line as a disabled, but matching 
IABR address. 

C.2.6 Cache Control Instructions 
The 603 operates as described in Section 3.7, "Cache Control Instructions," with the 
exception of the following: 

Note that loop structures that contain long sequences of debz or debi instructions may _ 
cause snoop performance degradation. Programmers can improve snoop performance by 
inserting no-op instructions (ori 0,0,0) between debz or debi instructions, replacing the 
debz or debi instructions with a sequence of write-through store operations, using the 
decrementer to generate a periodic exception to allow snoop activity, or mapping the 
address space where the debz or debi instructions execute as global (M = 1). 
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Note that the use of the dcbz instruction in a multiprocessor system can result in loss of 
data coherency if the dcbz instruction is executed in memory space marked as global (M = 
1). Programmers should use software coherency protocols to ensure that no processor can 
perform a kill operation to memory used by another processor. 
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Glossary of Terms and Abbreviations 
The glossary contains an alphabetical list of terms, phrases, and abbreviations used in this 
book. Some of the terms and definitions included in the glossary are reprinted from IEEE 
Std 754-1985, IEEE Standard/or Binary Floating-Point Arithmetic, copyright ©1985 by 
the Institute of Electrical and Electronics Engineers, Inc. with the permission of the IEEE. 

A Atomic. A bus access that attempts to be part of a read-write operation to the 
same address uninterrupted by any other access to that address (the 
term refers to the fact that the transactions are indivisible). The 
PowerPC 603e microprocessor initiates the read and write 
separately, but signals the memory system that it is attempting an 
atomic operation. If the operation fails, status is kept so that the 603e 
can try again. The 603e implements atomic accesses through the 
Iwarxlstwcx. instruction pair. 

B Beat. A single state on the 603e bus interface that may extend across multiple 
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bus cycles. A 603e transaction can be composed of multiple address 
or data beats. 

Biased exponent. The sum of the exponent and a constant (bias) chosen to 
make the biased exponent's range non-negative. 

Big-endian. A byte-ordering method in memory where the address n of a 
word corresponds to the most significant byte. In an addressed 
memory word, the bytes are ordered (left to right) 0, 1,2, 3, with 0 
being the most significant byte. 

Boundedly undefined. The results of attempting to execute a given 
instruction are said to be boundedly undefined if they could have 
been achieved by executing an arbitrary sequence of defined 
instructions, in valid form, starting in the state the machine was in 
before attempting to execute the given instruction. Boundedly 
undefined results for a given instruction may vary between 
implementations, and between execution attempts in the same 
implementation. 
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Branch folding. A technique of removing the branch instruction from the 
instruction sequence. 

Burst. A multiple beat data transfer whose total size is typically equal to a 
cache block (in the 603e, a 32-byte block). 

Bus clock. Clock that causes the bus state transitions. 

Bus master. The owner of the address or data bus; the device that initiates or 
requests the transaction. 

C Cache. High-speed memory containing recently accessed data and/or 

D 

Glossary-2 

instructions (subset of main memory). 

Cache block. The cacheable unit for a PowerPC processor. The size of a 
cache block may vary among processors. For the 603e, it is one 
cache line (8 words). 

Cache coherency. Caches are coherent if a processor performing a read from 
its cache is supplied with data corresponding to the most recent value 
written to memory or to another processor's cache. 

Cast-outs. Cache block that must be written to memory when a snoop miss 
causes the least recently used block with modified data to be 
replaced. 

Context synchronization. Context synchronization is the result of specific 
instructions (such as sc or rfi) or when certain events occur (such as 
an exception). During context synchronization, all instructions in 
execution complete past the point where they can produce an 
exception; all instructions in execution complete in the context in 
which they began execution; all subsequent instructions are fetched 
and executed in the new context. 

Copy-back operation. A cache operation in which a cache line is copied 
back to memory to enforce cache coherency. Copy-back operations 
consist of snoop push-out operations and cache cast-out operations. 

Denormalized number. A nonzero floating-point number whose exponent 
has a reserved value, usually the format's minimum, and whose 
explicit or implicit leading significand bit is zero. 
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Direct-store segment access. An access to an 110 address space. The 603 
defines separate memory-mapped and 110 address spaces, or 
segments, distinguished by the corresponding segment register T bit 
in the address translation logic of the 603. If the T bit is cleared, the 
memory reference is a normal memory-mapped access and can use 
the virtual memory management hardware of the 603. If the T bit is 
set, the memory reference is a direct -store access. 

E Exception. An unusual or error condition encountered by the processor that 

F 
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results in special processing. 

Exception handler. A software routine that executes when an exception 
occurs. Normally, the exception handler corrects the condition that 
caused the exception, or performs some other meaningful task (such 
as aborting the program that caused the exception). The addresses of 
the exception handlers are defined by a two-word exception vector 
that is branched to automatically when an exception occurs. 

Exclusive state. EMI state (E) in which only one caching device contains 
data that is also in system memory. 

Execution synchronization. All instructions in execution are architecturally 
complete before beginning execution (appearing to begin execution) 
of the next instruction. Similar to context synchronization but doesn It 
force the contents of the instruction buffers to be deleted and 
refetched. 

Exponent. The component of a binary floating-point number that normally 
signifies the integer power to which two is raised in determining the 
value of the represented number. Occasionally the exponent is called 
the signed or unbiased exponent. 

Feed-forwarding. A 603e feature that reduces the number of clock cycles 
that an execution unit must wait to use a register. When the source 
register of the current instruction is the same as the destination 
register of the previous instruction, the result of the previous 
instruction is routed to the current instruction at the same time that it 
is written to the register file. With feed-forwarding, the destination 
bus is gated to the waiting execution unit over the appropriate source 
bus, saving the cycles which would be used for the write and read. 

Floating-point unit. The functional unit in the 603e processor responsible 
for executing all floating-point instructions. 
(Not supported on the EC603e microprocessor) 
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Flush. An operation that causes a modified cache block to be invalidated and 
the data to be written to memory. 

Fraction. The field of the significand that lies to the right of its implied binary 
point. 

G General-purpose register. Any of the 32 registers in the 603e register file. 
These registers provide the source operands and destination results 
for all 603e data manipulation instructions. Load instructions move 
data from memory to registers, and store instructions move data from 
registers to memory. 

I IEEE 754. A standard written by the Institute of Electrical and Electronics 
Engineers that defines operations of binary floating-point arithmetic 
and representations of binary floating-point numbers. 

Instruction queue. A holding place for instructions fetched from the current 
instruction stream. 

Integer unit. The functional unit in the 603e responsible for executing all 
integer instructions. 

Interrupt. An external signal that causes the 603e to suspend current 
execution and take a predefined exception. 

Invalid state. EMI state (I) that indicates that the cache block does not 
contain valid data. 

K Kill. An operation that causes a cache block to be invalidated. 

L Latency. The number of clock cycles necessary to execute an instruction and 

M 
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make ready the results of that instruction. 

Little-endian. A byte-ordering method in memory where the address n of a 
word corresponds to the least significant byte. In an addressed 
memory word, the bytes are ordered (left to right) 3, 2, 1,0, with 3 
being the most significant byte. 

Livelock. A state in which processors interact in a way such that no processor 
makes progress. 

Mantissa. The decimal part of logarithm. 
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Memory-mapped accesses. Accesses whose addresses use the segmented or 
block address translation mechanisms provided by the MMU and 
that occur externally with the bus protocol defined for memory. 

Memory coherency. Refers to memory agreement between caches and 
system memory (for example, EMI cache coherency). 

Memory consistency. Refers to levels of memory with respect to a single 
processor and system memory (for example, on-chip cache, 
secondary cache, and system memory). 

Memory-forced 110 controller interface access. These accesses are made 
to memory space. They do not use the extensions to the memory 
protocol described for 110 controller interface accesses, and they 
bypass the page- and block -translation and protection mechanisms. 

Memory management unit. The functional unit in the 603e that translates 
the logical address bits to physical address bits. 

Modified state. EMI state (M) in which one, and only one, caching device 
has the valid data for that address. The data at this address in external 
memory is not valid. 

N NaN. An abbreviation for not a number; a symbolic entity encoded in 
floating-point format. There are two types of NaNs-signaling NaNs 
and quiet NaNs. 

No-op. No-operation. A single-cycle operation that does not affect registers 
or generate bus activity. 

o Out-of-order. An operation is said to be out -of-order when it is not 
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guaranteed to be required by the sequential execution model, such as 
the execution of an instruction that follows another instruction that 
may alter the instruction flow. For example, execution of instructions 
in an unresolved branch is said to be out-of-order, as is the execution 
of an instruction behind another instruction that may yet cause an 
exception. The results of operations that are performed out-of-order 
are not committed to architected resources until it can be ensured that 
these results adhere to the in-order, or sequential execution model. 

Overflow. An error condition that occurs during arithmetic operations when 
the result cannot be stored accurately in the destination register(s). @I.] 
For example, if two 32-bit numbers are added, the sum may require 
33 bits due to carry. Since the 32-bit registers of the 603e cannot 
represent this sum, an overflow condition occurs. 
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P Packet. A term used in the 603 with respect to direct store operations. 

Q 

Page. A 4-Kbyte area of memory, aligned on a 4-Kbyte boundary. 

Park. The act of allowing a bus master to maintain mastership of the bus 
without having to arbitrate. 

Pipelining. A technique that breaks instruction execution into distinct steps 
so that mUltiple steps can be performed at the same time. 

Precise exceptions. The pipeline can be stopped so the instructions that 
preceded the faulting instruction can complete, and subsequent 
instructions can be executed following the execution of the exception 
handler. The system is precise unless one of the imprecise modes for 
invoking the floating-point enabled exception is in effect. 

Quiesce. To come to rest. The processor is said to quiesce when an exception 
is taken or a sync instruction is executed. The instruction stream is 
stopped at the decode stage and executing instructions are allowed to 
complete to create a controlled context for instructions that may be 
affected by out-of-order, parallel execution. See Context 
synchronization. 

Quiet NaNs. Propagate through almost every arithmetic operation without 
signaling exceptions. These are used to represent the results of 
certain invalid operations, such as invalid arithmetic operations on 
infinities or on NaNs, when invalid. 

S Scan interface. The 603e's test interface. 
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Shadowing. Shadowing allows a register to be updated by instructions that 
are executed out of order without destroying machine state 
information. 

Signaling NaNs. Signal the invalid operation exception when they are 
specified as arithmetic operands 

Significand. The component of a binary floating-point number that consists 
of an explicit or implicit leading bit to the left of its implied binary 
point and a fraction field to the right. 

Slave. The device addressed by a master device. The slave is identified in the 
address tenure and is responsible for supplying or latching the 
requested data for the master during the data tenure. 
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Snooping. Monitoring addresses driven by a bus master to detect the need for 
coherency actions. 

Snoop push. Write-backs due to a snoop hit. The block will transition to an 
invalid or exclusive state. 

Split-transaction. A transaction with independent request and response 
tenures. 

Split-transaction Bus. A bus that allows address and data transactions from 
different processors to occur independently. 

Static branch prediction. Mechanism by which software (for example, 
compilers) can give a hint to the machine hardware about the 
direction the branch is likely to take. 

Superscaiar machine. A machine that can issue multiple instructions 
concurrently from a conventional linear instruction stream. 

Supervisor mode. The privileged operation state of the 603e. In supervisor 
mode, software can access all control registers and can access the 
supervisor memory space, among other privileged operations. 

T Tenure. The period of bus mastership. For the 603e, there can be separate 
address bus tenures and data bus tenures. A tenure consists of three 
phases: arbitration, transfer, termination 

Transaction. A complete exchange between two bus devices. A transaction 
is minimally comprised of an address tenure; one or more data 
tenures may be involved in the exchange. There are two kinds of 
transactions: address/data and address-only. 

Transfer termination. Signal that refers to both signals that acknowledge the 
transfer of individual beats (of both single-beat transfer and 
individual beats of a burst transfer) and to signals that mark the end 
of the tenure. 

U Underflow. An error condition that occurs during arithmetic operations when 
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the result cannot be represented accurately in the destination register. 
For example, underflow can happen if two floating-point fractions 
are multiplied and the result is a single-precision number. The result 
may require a larger exponent and/or mantissa than the single- @Iel 
precision format makes available. In other words, the result is too 
small to be represented accurately. 
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User mode. The unprivileged operating state of the 603e. In user mode, 
software can only access certain control registers and can only access 
user memory space. No privileged operations can be performed. 

W Write-through. A memory update policy in which all processor write cycles 
are written to both the cache and memory. 
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software considerations, 9-6 
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QACK signal, 7-26, 8-38, 8-41 
QREQ signal, 7-26, 8-42 
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Read atomic operation, 3-20 
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SDRl,2-6 
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SR,2-6 
SRRO, 2-6 
SRR1,2-6 
TB,2-6 

user-level 
CR,2-4 
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Reservation station, 6-2 
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data transfer termination, 8-25 
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DBVVO,7-18,8-8,8-24,8-43 
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DPE,7-21 
DPn, 7-20 
DRTRl',7-22,8-25,8-28 
GBL,7-15 
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INT, 7-23,8-41 
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QACK, 7-26,8-38,8-41 
QREQ, 7-26, 8-42 
reset, 8-41 
RSRV, 7-27,8-42 
SMI, 4-37, 7-24 
SRESET,7-26,8-41 
TA,7-22 
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TBST, 7-13, 8-24 
TCn, 7-14, 8-20 
T1G\,7-23,8-25,8-29 
TLBISl'NC, 7-27 
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Segmented memory model, see Memory management 

TSIZn, 7-12, 8-13 
TTn, 7-9, 8-13 
VVT,7-14 
XATS (603-specific), 1-7, C-2, C-3 

Single-beat reads with data delays, timing, 8-35 
Single-beat transactions, 3-8 

unit 
Self-modifying code, 2-29 
Serializing instructions, 6-13 
Signals 

AACK,7-16 
ABB, 7-5, 8-8 
address arbitration, 7-4, 8-8 
address transfer, 8-12 
address transfer attribute, 8-13 
An, 7-7 
APE,7-8 
APn, 7-8 
ARTRl', 7-16, 8-25 
BG, 7-5,8-8 
BR, 7-4, 8-8 
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writes, timing, 8-33 

SMI signal, 4-37, 7-24 
Snoop operation, 3-19, 6-19 
Split-bus transaction, 8-8 
SPR encodings not implemented in 603e, B-5 
SRESET signal, 7-26 
SRRO/SRRI (status save/restore registers) 

bit settings for machine check exception, 4-11 
bit settings for table search operations, 4-11 
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Stall,6-2 
Static branch prediction, 6-16 
Store operations 

I/O operations to BUC, C-5 
memory coherency actions, 3-19 
single-beat writes, 8-33 

String instructions, 2-33, A-23 
Superscalar, 6-2 
Supervisor mode, see Privilege levels 
Supervisor-level registers summary, 2-5 
sync operation, 3-20 
Synchronization 

context/execution synchronization, 2~ 19 
execution of rfi, 4-16 
memory synchronization instructions, 2-38, 

2-40, A-23 
SYSCLK signal, 7-30 
System call exception, 4-31 
System interface 

overview, 1-35 
System linkage instructions, 2-42, A-25 
System management interrupt, 4-37, 9-2 
System quiesce control signals, 8-42 
System register unit 

execution timing, 6-18 
latency, CR logical instructions, 6-24 
latency, system register instructions, 6-23, C-20 

System status 
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CKSTP _IN,7-24 
CKSTP _OUT,7-25 
HRESET,7-25 
INT,7-23 
MCP, 7-24 
QACK,7-26 
QREQ,7-26 
RSRV, 7-27 
SMI,7-24 
SRESET,7-26 
TBEN,7-27 
TLBISYNC, 7-27 
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Table search operations 

algorithm, 5-30 
software routines, 5-33 
software routines for the 603e, 5-38--:5-50 
SRR1 bit settings, 4-11 
table search flow (primary and secondary), 5-31 

TBEN signal, 7-27 
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TCn signals, 7-14,8-20 
TEA signal, 7-23, 8-29 
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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)837-8700 
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)431-0030 
Newark ..................... (602)966-6340 
PENSTOCK ................. (602)967-1620 

CALIFORNIA 
Agoura Hills 

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

Arrow/Schweber Electronics ... (818)880-9686 
Wyle Electronics ............. (818)880-9000 

Culver City 
Hamilton/Hallmark ........... (310)558-2000 
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Newark ..................... (714)893-4909 
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Arrow/Schweber Electronics ... (714)587-0404 
FAI ......................... (714)753-4778 
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PENSTOCK . . . . . . . . . . . . . . . .. (805)375-6680 
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Newark ..................... (415)812-6300 
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Wyle Electronics ............. (916)638-5282 
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Newark .. . . . . . . . . . . . . . . . . . .. (909)980-2105 

Rocklin 
Hamilton/Hallmark ........... (916)632-4500 
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FAI ......................... (916)782-7882 
Newark ..................... (916)565-1760 
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Arrow/Schweber Electronics ... (619)565-4800 
FAI ......................... (619)623-2888 
Future Electronics ............ (619)625-2800 
Hamilton/Hallmark ........... (619)571-7540 
Newark ..................... (619)453-8211 
PENSTOCK ................. (619)623-9100 
Wyle Electronics ............. (619)558-6600 
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Arrow/Schweber Electronics . .. (408)441-9700 
Arrow/Schweber Electronics ... (408)428-6400 
FAI ......................... (408)434-0369 
Future Electronics ............ (408)434-1122 
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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)269-8077 

FLORIDA 
Altamonte Springs 

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

FAI ......................... (813)530-1665 
Future Electronics ............ (813)530-1222 

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

Ft. Lauderdale 
FAI ......................... (954)428-9494 
Future Electronics ............ (954)426-4043 
Hamilton/Hallmark ........... (954)677-3500 
Newark ..................... (954)486-1151 

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

LargorrampalSt. Petersburg 
Hamilton/Hallmark ........... (813)507-5000 
Newark ..................... (813)287-1578 
Wyle Electronics ............. (813)376-3004 

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

Orlando 
FAI ......................... (407)865-9555 
Newark . . . . . . . . . . . . . . . . . . . .. (407)896-8350 

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)376-8080 
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. .. 1-800-4NEWARK 

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

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

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

Schaumburg 
Newark ..................... (708)310-8980 

INDIANA 
Indianapolis 

Arrow/Schweber 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 )596-7800 
Future Electronics ............ (410)290-0600 
Hamilton/Hallmark ........... (410)720-3400 
PENSTOCK ................. (410)290-3746 
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 .................. 1-800-4NEWARK 

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

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

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

Woburn 
Newark ..................... (617)935-8350 

MICHIGAN 
Detroit 

FAI ......................... (313)513-0015 
Future Electronics ............ (616)698-6800 

Grand Rapids 
Newark ..................... (616)954-6700 
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Livonia 
Arrow/Schweber Electronics ... (810)455-0850 
Future Electronics ............ (313)261-5270 
Hamilton/Hallmark ........... (313)416-5800 

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

MINNESOTA 
Bloomington 

Wyle Electronics .............. (612)853-2280 
Burnsville 

PENSTOCK .................. (612)882-7630 
Eden Prairie 

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 
Earth City 

Hamilton/Hallmark ........... (314)291-5350 
St. Louis 

Arrow/SchweberElectronics '" (314)567-6888 
Future Electronics ............ (314)469-6805 
FAI ......................... (314)542-9922 
Newark ..................... (314)453-9400 

NEW JERSEY 
Bridgewater 

PENSTOCK . . . . . . . . . . . . . . . .. (908)575-9490 
East Brunswick 

Newark ..................... (908)937-6600 
Fairfield 

FAI ......................... (201)331-1133 
Marlton 

Arrow/Schweber Electronics ... (609)596-8000 
FAI ......................... (609)988-1500 
Future Electronics. . . . . . . . . . .. (609)596-4080 

Mt. Laurel 
Hamilton/Hallmark ........... (609)222-6400 
Wyle Electronics ............. (609)439-9110 

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

Pinebrook 
Arrow/Schweber Electronics . .. (201 )227-7880 
Wyle Electronics ............. (201 )882-8358 

Parsippany 
Future Electronics . . . . . . . . . . .. (201 )299-0400 
Hamilton/Hallmark ........... (201)515-1641 

NEW MEXICO 
Albuquerque 

Hamilton/Hallmark ........... (505)293-5119 
Newark ..................... (505)828-1878 

NEW YORK 
Bohemia 

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

Arrow/Schweber Electronics ... (516)231-1000 
FAI ....................... " (516)348-3700 
Future Electronics .......... " (516)234-4000 
Hamilton/Hallmark ........... (516)434-7400 
Newark .................. 1-800-4NEWARK 
PENSTOCK ............... " (516)724-9580 
Wyle Electronics ............. (516)231-7850 

Henrietta 
Wyle Electronics ............. (716)334-5970 

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 

S~~~~~.~~ .................. " (315)451-4405 
Future Electronics .......... " (315)451-2371 
Newark ..................... (315)457-4873 

NORTH CAROLINA 
Charlotte 

FAI ......................... (704)548-9503 
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 
Centerville 

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

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

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

Dayton 
FAI ......................... (513)427-6090 
Future Electronics ............ (513)426-0090 
Hamilton/Hallmark ........... (513)439-6735 
Newark ..................... (513)294-8980 

Mayfield Heights 
Future Electronics ............ (216)449-6996 

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

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

Worthington 
Hamilton/Hallmark ........... (614)888-3313 

OKLAHOMA 
Tulsa 

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

OREGON 
Beaverton 

Arrow/Almac Electronics Corp .. (503)629-8090 
Future Electronics ............ (503)645-9454 
Hamilton/Hallmark ........... (503)526-6200 

Portland 
FAI ... (503)297-5020 
Newark ..................... (503)297-1984 
PENSTOCK ................. (503)646-1670 
Wyle Electronics ............. (503)598-9953 

PENNSYLVANIA 
Coatesville 

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

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

Arrow/Schweber Electronics ... (412)963-6807 
Newark ..................... (412)788-4790 

TENNESSEE 
Knoxville 

Newark ..................... (615)588-6493 

TEXAS 
Austin 

Arrow/Schweber Electronics ... (512)835-4180 
Future Electronics ............ (512)502-0991 
FAI ......................... (512)346-6426 
Hamilton/Hallmark ........... (512)219-3700 
Newark . . . . . . .. . .. . . . .. . .. .. (972)458-2528 
PENSTOCK ................. (512)346-9762 
Wyle Electronics ............. (512)833-9953 

Benbrook 
PENSTOCK ................. (817)249-0442 

Carollton 
Arrow/Schweber' Electronics ... (214)380-6464 

Dallas 
FAI ......................... (214)231-7195 
Future Electronics ... '" ...... (214)437-2437 
Hamilton/Hallmark ........... (214)553-4300 
Newark ..................... (214)458-2528 

EIPaso 
FAI ......................... (915)577-9531 
Newark ..................... (915)772-6367 

Ft. Worth 
Allied Electronics ............. (817)336-5401 

Houston 
Arrow/Schweber Electronics ... (713)647-6868 
FAI ......................... (713)952-7088 
Future Electronics ............ (713)785-1155 
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 

Arrow/Schweber Electronics ... (801 )973-6913 
FAI ......................... (301)467-9696 
Future Electronics ............ (801)467-4448 
Hamilton/Hallmark ........... (801 )266-2022 
Newark ..................... (801)261-5660 

West Valley City 
Wyle Electronics ............. (801)974-9953 

WASHINGTON 
Bellevue 

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

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

Kirkland 
Newark ..................... (206)814-6230 

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

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

WISCONSIN 
Brookfield 

Arrow/Schweber Electronics ... (414)792-0150 
Future Electronics ............ (414)879-0244 
Wyle Electronics ............. (414)879-0434 

Madison 
Newark ..................... (608)278-0177 

Milwaukee 
FAI ......................... (414)792-9778 

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

Wauwatosa 
Newark ..................... (414)453-9100 

CANADA 

ALBERTA 
Calgary 

FAI ......................... (403)291-5333 
Future Electronics ............ (403)250-5550 
Hamilton/Hallmark ........... (800)663-5500 

Edmonton 
FAI ......................... (403)438-5888 
Future Electronics ............ (403)438-2858 
Hamilton/Hallmark ........... (800)663-5500 

Saskatchewan 
Hamilton/Hallmark ........... (800)663-5500 

BRITISH COLUMBIA 
Vancouver 

Arrow Electronics ............ (604)421-2333 
FAI ......................... (604)654-1050 
Future Electronics ............ (604)294-1166 
Hamilton/Hallmark ........... (604)420-4101 

MANITOBA 
Winnipeg 

FAI ......................... (204)786-3075 
Future Electronics ............ (204)944-1446 
Hamilton/Hallmark ........... (800)663-5500 
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CANADA - continued 

ONTARIO 
Kanata 

PENSTOCK ................. (613)592-6088 
London 

Newark ..................... (519)685-4280 
Mississauga 

PENSTOCK ................. (905)403-0724 
Newark ..................... (905)670-2888 

Ottawa 
Arrow Electronics ............ (613)226-6903 
FAI ......................... (613)82Q-8244 
Future Electronics ............ (613)727-1800 
Hamilton/Hallmark ........... (613)226-1700 

Toronto 
Arrow Electronics ............ (905)670-7769 
FAI ......................... (905)612-9888 
Future Electronics ............ (905)612-9200 
Hamilton/Halimark ........... (905)564-6060 
Newark .. . .. .. . .. .. .. .. . .... (905)670-2888 

QUEBEC 
Montreal 

Arrow Electronics ............ (514)421-7411 
FAI .....................•... (514)694-8157 
Future Electronics ..•......... (514)694-7710 
Hamilton/Hallmark ........... (514)335-1000 

Mt. Royal 
Newark ..................... (514)738-4488 

Quebec City 
Arrow Electronics ............ (418)687-4231 
FAI ...................•..... (418)682-5775 
Future Electronics .......•.... (418)877-6666 

INTERNATIONAL DISTRIBUTORS 
ARGENTINA 

Electrocomponentes. . . . . . .. (5-41) 375-3366 
Elko ....................... (5-41) 372-1101 

AUSTRALIA 
Avnet VSI Electronics (Aus!.) .. ... (61)29878-1299 
Veltek Australia Pty Ltd ..... (61)39574-9300 

AUSTRIA 
EBV Elektronik .............. (43) 18941774 
SEI/Elbatex GmbH ............ (43) 1 866420 
Spoerle Electronic ........... (43) 131872700 

BELGIUM 
EBV Elektronik ............. (32) 2 716 0010 
SEI/Beigium . . . . . . . . . . . . . . .. (32) 2 460 0560 
Spoerle Electronic. . . . . . . . . .. (32) 2 725 4660 

BRAZIL 
Future ...................... (019) 235-1511 
Intertek ..................... (011) 266-2922 
Karimex .................... (011) 524-2366 
Masktrade .................. (011) 221-9411 
Panamericana ............... (011) 223-0222 
Siletek ...................... (011) 534-4401 
Tec . . . . . . . . . . . . . . . . . . . . . .. (001) 5505-2046 
Teleradio ................... (001) 574-0788 

BULGARIA 
Macro Group ................. (359) 2708140 

CHINA 
Future Advanced Electronics Ltd. .. (852)2 305-3633 
Avnet WKK Components Ltd ..... , (852)2357-8888 
China EI. App. Corp. XiaMan Co. . (86)106818-9750 
Nanco Electronics Supply Ltd .. (852) 2 765-3025 
........................ or (852) 2 333-5121 

Qing Cheng Enterprises Ltd. . . (852) 2 493-4202 
CZECH REPUBLIC 

EBV Elektronik ............ (420) 2 90022101 
Spoerle Electronic ............ (420) 2731355 
SEI/Elbatex ................ (420) 2 4763707 
Macro Group ............... (420) 2 3412182 

DENMARK 
Arrow Exatec ............... (45) 44927000 
AlS Avnet EMG .............. (45) 44 880800 
EBV Elektronik - Soeborg ...... (45) 39690511 
EBV Elektronik - Aabyhoej ..... (45) 86250660 

ESTONIA 
Arrow Field Eesti .............. (372) 6503288 
Avnet Baltronic ............... (372) 6397000 

FINLAND 
Arrow Field OY .............. (358)97 775 71 
Avnet EMG OY ............... (358)9613181 
EBV Elektronik .............. (358)98557730 

FRANCE 
Arrow Electronique .... . . .. (33) 1 49 78 49 78 
Avnet EMG . .. . .. . .. .. .. .. (33) 1 49 652500 
EBV Elektronik ............. (33) 1 40963000 
Future Electronics .... , ...... (33) 1 69821111 
Newark .................... (33) 1 30954060 
SEI/Scalb .. .. .. .. .. .. .... (33) 1 69 19 89 00 

GERMANY 
Avnet EMG ................. (49) 89 4511001 
EBV Elektronlk GmbH ....... (49) 89 99114-0 
Future Electronics GmbH .... (49) 89-957270 
SEI/Jermyn GmbH .......... (49) 6431-5080 

GERMANY - continued 
Newark .................... (49)2154-70011 
Sasco Semiconductor ......... (49) 89-46110 
Spoerle Electronic. . . . . . . . .. (49) 6103-304-0 

GREECE 
EBV Elektronik ............... (30) 13414300 

HONG KONG 
Avnet WKK Components Ltd. . . . .. (852)2357-8888 
Nanshing Clr. & Chem. Co. Ltd .,. (852)2333-5121 

HUNGARY 
Macro Group ................. (36) 12030277 
SEI/Elbatex .................. (36) 11409194 
Spoerle Electronic ............. (36) 11294202 
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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 #: MPCFPEI AD 

• PowerPC Microprocessor Family: The Programming Environments/or 32-Bit 
Microprocessors, Rev 1 
Order #: MPCFPE32BI 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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