












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































• 

sllqx POWER Architecture Instruction sllqx 
Shift Left Long with MQ Integer Unit 

sllq rA,rS,rB (Rc=O) 
sllq. rA,rS,rB (Rc=l) 

31 s A 8 216 IRcl 
0 5 6 10 11 15 16 20 21 30 31 

This instruction is not part of the PowerPC architecture. 

Register rS is rotated left n bits where n is the shift amount specified in bits 27-31 of rB. 

When bit 26 of rB is a zero, a mask of 32-n ones followed by n zeros is generated. A word 
of zeros is then merged with the contents of the MQ register, under control of the generated 
mask. 

When bit 26 of rB is a one, a mask of 32-n ones followed by n ones is generated. A word 
of zeros is then merged with the contents of the MQ register, under control of the generated 
mask. 

The merged word is placed into rA. The MQ register is not altered. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

Note: This instruction is specific to the MPC601. 
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slqx POWER Architecture Instruction slqx 
Shift Left with MQ Integer Unit 

slq 
slq. 

o 
31 

5 6 

rA,rS,rB 

rA,rS,rB 

s 
10 11 

(Rc=O) 

(Rc=l) 

A B 

15 16 20 21 

This instruction is not part of the PowerPC architecture. 

152 IRel 
30 31 

Register rS is rotated left n bits where n is the shift amount specified in bits 27-31 of rB. 
The rotated word is placed in the MQ register. 

When bit 26 of rB is a zero, a mask of 32-n ones followed by n zeros is generated. 

When bit 26 of rB is a one, a mask of all zeros is generated. 

The logical AND of the rotated word and the generated mask is placed into r A. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

Note: This instruction is specific to the MPC601. 
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II 

slwx 
Shift Left Word 

slw 
slw. 

rA,rS,rB 
rA,rS,rB 

[POWER mnemonics: sl, sl.] 

o 
31 S A 

5 6 10 11 

rx--rB[27-31) 
rAf-ROTL(rS, n) 

(Rc=O) 
(Rc=l) 

B 24 

15 16 20 21 

slwx 
Integer Unit 

30 31 

If bit 16 of rB=O, the contents of rS are shifted left the number of bits specified by rB[26-
31]. Bits shifted out of position 0 are lost. Zeros are supplied to the vacated positions on the 
right. The 32-bit result is placed into rA. If bit 16 of rB=I, 32 zeros are placed into rA. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 
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sraqx POWER Architecture Instruction sraqx 
Shift Right Algebraic with MQ Integer Unit 

sraq rA,rS,rB (Rc=O) 

sraq. rA,rS,rB (Rc=l) 

31 s A B 920 IRcl 
0 5 6 10 11 15 16 20 21 30 31 

This instruction is not part of the PowerPC architecture. 

Register rS is rotated left 32-n bits where n is the shift amount specified in bits 27-31 of 
rB. When bit 26 of rB is a zero, a mask of n zeros followed by 32-n ones is generated. 
When bit 26 of rB is a one, a mask of all zeros is generated. The rotated word is placed in 
the MQ register. The rotated word is then merged with a word of 32 sign bits from rS, under 
control of the generated mask. 

The merged word is placed in r A. 

The rotated word is ANDed with the complement of the generated mask. This 32-bit result 
is ORed together and then ANDed with bit 0 of rS to produce XER[CA]. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• XER: 

Affected: CA 

All shift right algebraic instructions can be used for a fast divide by 2(n) if followed with 
addze. 

Note: This instruction is specific to the MPC601. 
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• 

sraiqx POWER Architecture Instruction 
Shift Right Algebraic Immediate with MQ 

sraiq 
sraiq. 

o 
31 

rA,rS,SH 

rA,rS,SH 

S A 

5 6 10 11 

(Rc=O) 

(Rc=l) 

SH 952 

15 16 20 21 

This instruction is not part of the PowerPC architecture. 

sraiqx 
Integer Unit 

30 31 

Register rS is rotated left 32-n bits where n is the shift amount specified by SH. A mask 
of n zeros followed by 32-n ones is generated. The rotated word is placed in the MQ 
register. The rotated word is then merged with a word of 32 sign bits from rS, under control 
of the generated mask. 

The merged word is placed in r A. 

The rotated word is ANDed with the complement of the generated mask. This 32-bit result 
is ORed together and then ANDed with bit 0 of rS to produce XER[CA]. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• XER: 

Affected: CA 

All shift right algebraic instructions can be used for a fast divide by 2(n) if followed with 
addze. 

Note: This instruction is specific to the MPC601. 
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srawx 
Shift Right Algebraic Word 

sraw 

sraw. 

rA,rS,rB 

rA,rS,rB 

[POWER mnemonics: sra, sra.] 

o 
31 S A 

5 6 10 11 

~rB[27-311 
rA~ROTL(rS, n) 

(Rc=O) 

(Rc=l) 

B 792 

15 16 20 21 

srawx 
Integer Unit 

30 31 

If rB[26]=O,then the contents of rS are shifted right the number of bits specified by rB[27-
31]. Bits shifted out of position 31 are lost. The result is padded on the left with sign bits 
before being placed into rA. If rB[26]=1, then rA is filled with 32 sign bits (bit 0) from rS. 
CRO is set based on the value written into r A. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• XER: 

Affected: CA 
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srawix 
Shift Right Algebraic Word Immediate 

srawi 

srawi. 

rA,rS,SH 

rA,rS,SH 

[POWER mnemonics: srai, srai.] 

o 
31 S A 

5 6 10 11 

IX-SH 
rA~ROTL(rS, 32-n) 

(Rc=O) 

(Rc=l) 

SH 824 

15 16 20 21 

srawix 
Integer Unit 

30 31 

The contents of rS are shifted right SH bits. Bits shifted out of position 31 are lost. The 
shifted value is sign extended before being placed in rA. The 32-bit result is placed into rA. 
XER[CA] is set to 1 if rS contains a negative number and any 1-bits are shifted out of 
position 31; otherwise XER[CA] is cleared to O. A shift amount of zero causes XER[CA] 
to be cleared to O. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• XER: 

Affected: CA 
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srex POWER Architecture Instruction 
Shift Right Extended 

sre 

sre. 

o 
31 

5 6 

rA,rS,rB 

rA,rS,rB 

s 
10 11 

(Rc=O) 

(Rc=l) 

A B 

15 16 20 21 

This instructiun is nut part uf the PuwerPC architecture. 

srex 
Integer Unit 

665 IRcl 
30 31 

Register rS is rotated left 32-n bits where n is the shift amount specified in bits 27-31 of 
rB. The rotated word is placed in the MQ register. A mask of n zeros followed by 32-n ones 
is generated. The logical AND of the rotated word and the generated mask is placed in r A. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

Nute: This instruction is specific to the MPC60 I. 
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sreax POWER Architecture Instruction sreax 
Shift Right Extended Algebraic Integer Unit 

srea rA,rS,rB (Rc=O) 

srea. rA,rS,rB (Rc=l) 

31 s A B 921 IRcl 
0 5 6 10 11 15 16 20 21 3031 

This instruction is not part of the PowerPC architecture. 

Register rS is rotated left 32-n bits where n is the shift amount specified in bits 27-31 of 
rB. A mask of n zeros followed by 32-n ones is generated. The rotated word is placed in 
the MQ register. The rotated word is then merged with a word of 32 sign bits from rS, under 
control of the generated mask. 

The merged word is placed in r A. 

The rotated word is ANDed with the complement of the generated mask. This 32-bit result 
is ORed together and then ANDed with bit 0 of rS to produce XER[CA]. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• XER: 

Affected: CA 

Note: This instruction is specific to the MPC601. 
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sreqx POWER Architecture Instruction sreqx 
Shift Right Extended with MQ Integer Unit 

sreq rA,rS,rB (Rc=O) 
sreq. rA,rS,rB (Rc=!) 

31 s A B 729 IRel 
0 5 6 10 11 15 16 20 21 30 31 

This instruction is not part of the PowerPC architecture. 

Register rS is rotated left 32-n bits where n is the shift amount specified in bits 27-31 of 
rB. A mask of n zeros followed by 32-n ones is generated. The rotated word is then merged 
with the contents of the MQ register, under control of the generated mask. The merged 
word is placed in r A. The rotated word is placed into the MQ register. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

Note: This instruction is specific to the MPCfiOI. 
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sriqxx POWER Architecture Instruction 
Shift Right Immediate with MQ 

sriq 

sriq. 

o 
31 

rA,rS,SH 

rA,rS,SH 

S A 

5 6 10 11 

(Rc=O) 

(Rc=l) 

SH 696 

15 16 20 21 

This instruction is not part of the PowerPC architecture. 

sriqx 
Integer Unit 

30 31 

Register rS is rotated left 32-n bits where n is the shift amount specified by SH. The rotated 
word is placed into the MQ register. A mask of n zeros followed by 32-n ones is generated. 
The logical AND of the rotated word and the generated mask is placed in rA. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

Note: This instruction is specific to the MPC601. 
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sri iqx POWER Architecture Instruction 
Shift Right Long Immediate with MQ 

srliq 

srliq. 

o 
31 

rA,rS,SH 

rA,rS,SH 

S A 

5 6 10 11 

(Rc=O) 

(Rc=l) 

SH 760 

15 16 20 21 

This instruction is not part of the PowerPC architecture. 

srliqx 
Integer Unit 

30 31 

Register rS is rotated left 32-n bits where n is the shift amount specified by SH. A mask of 
n zeros followed by 32-n ones is generated. The rotated word is then merged with the MQ 
register, under control of the generated mask. The merged word is placed in r A. The rotated 
word is placed into the MQ register. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

Note: This instruction is specific to the MPC601. 
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srlqx POWER Architecture Instruction srlqx 
Shift Right Long with MQ Integer Unit 

srlq rA,rS,rB (Rc=O) 

srlq. rA,rS,rB (Rc=1) 

31 s A B 728 IRel 
0 5 6 10 11 15 16 20 21 30 31 

This instruction is not part of the PowerPC architecture. 

Register rS is rotated left 32-n bits where n is the shift amount specified in bits 27-31 of rB. 
When bit 26 of rB is a zero, a mask of n zeros followed by 32-n ones is generated. The 
rotated word is then merged with the MQ register, under control of the generated mask. 

When bit 26 of rB is a one, a mask of n ones followed by 32-n zeros is generated. A word 
of zeros is then merged with the contents of the MQ register, under control of the generated 
mask. 

The merged word is placed in rA. The MQ register is not altered. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

Note: This instruction is specific to the MPC601. 
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srqx POWER Architecture Instruction 
Shift Right with MQ 

srq 

srq. 

o 
31 

5 6 

rA,rS,rB 

rA,rS,rB 

s 
10 11 

(Rc=O) 

(Rc=l) 

A B 

15 16 20 21 

This instruction is not part of the PowerPC architecture. 

srqx 
Integer Unit 

664 IRel 
30 31 

Register rS is rotated left 32-n bits where n is the shift amount specified in bits 27-31 of rB. 
The rotated word is placed into the MQ register. 

When bit 26 of rB is a zero, a mask of n zeros followed by 32-n ones is generated. 

When bit 26 of rB is a one, a mask of all zeros is generated. 

The logical AND of the rotated word and the generated mask is placed in r A. 

Other registers altered: 
"-

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

Note: This instruction is specific to the IvlPC601. 
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srwx 
Shift Right Word 

srw 

srw. 

rA,rS,rB 

rA,rS,rB 

[POWER mnemonics: sr, sr.] 

o 
31 S A 

5 6 10 11 

rx-rB[27-31J 
rA~ROTL(rS, 32-n) 

(Rc=O) 

(Rc=l) 

B ~6 

15 16 20 21 

srwx 
Integer Unit 

30 31 

If rB[26]=O, the contents of rA are shifted right the number of bits specified by rA[27-3l]. 
Bits shifted out of position 31 are lost. Zeros are supplied to the vacated positions on the 
left. The 32-bit result is placed into r A. 

If rB[26]=1, then rA is filled with zeros. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 
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stb 
Store Byte 

stb 

o 

rS,d(rA) 

38 s 
5 6 10 11 

if rA = 0 then b~O 
else b~(rA) 

EA~b + EXTS(d) 
MEM(EA, 1)~rS[24-311 

stb 
Integer Unit 

A d 

15 16 31 

EA is the sum (r AIO)+d. Register rS[24-31] is stored into the byte in memory addressed 
by EA. Register rS is unchanged. 

Other registers altered: 

• None 
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stbu 
Store Byte with Update 

stbu 

o 

rS,d(rA) 

39 s 
5 6 10 11 

if rA = 0 then bf-O 
else bf-(rA) 
EAf-b + EXTS(d) 
MEM(EA, 1)f-rS[24-31J 
rAf-EA 

stbu 
Integer Unit 

A d 

15 16 31 

EA is the sum (r AIO)+d. Register rS[24-31] is stored into the byte in memory addressed 
by EA. 

EA is placed into r A. 

While the PowerPC architecture defines the instruction form as invalid if r A=O, the 
MPC601 supports execution with rA=O as shown above. 

Other registers altered: 

• None 
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stbux 
Store Byte with Update Indexed 

stbux 

o 

rS,rA,rB 

31 s 
5 6 

if rA = 0 then b~O 
else b~(rA) 

EA~b+(rB) 

10 11 

MEM(EA, 1)~rS[24-31J 
rA~EA 

stbux 
Integer Unit 

[ill] Reserved 

A B 247 

15 16 21 22 30 31 

EA is the sum (rAIO)+(rB). Register rS[24-31] is stored into the byte in memory addressed 
by EA. 

EA is placed into rA. 

While the PowerPC architecture defines the instruction form as invalid if r A=O, the 
MPC601 supports execution with rA=O as shown above. 

Other registers altered: 

• None 
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DI 

stbx 
Store Byte Indexed 

stbx rS,rA,rB 

o 
31 s 

5 6 

if rA = 0 then bf-O 
else bf-(rA) 
EAf-b+ (rR) 
EM(EA, 1) f-rS[24-31] 

10 11 

stbx 
Integer Unit 

[ill] Reserved 

A B 215 

'

:·.:·:·:·:';.:··1 .m::. 
15 16 21 22 30 31 

EA is the sum (r AIO)+(rB). Register rS[24-31] is stored into the byte in memory addressed 
by EA. Register rS is unchanged. 

Other registers altered: 

• None 

10-178 Powerpe 601 Rise Microprocessor User's Manual MOTOROLA 



stfd 
Store Floating-Point Double-Precision 

stfd 

o 

frS,d(rA) 

54 frS 

5 6 

if rA = 0 then b~O 
else b~(rA) 

EA~b + EXTS(d) 
MEM(EA, 8)~(frS) 

10 11 

EA is the sum (rAIO) + d. 

A 

stfd 
Floating-Point Unit 

d 

15 16 30 31 

The contents of register frS is stored into the double word in memory addressed by EA. 

Other registers altered: 

• None 

MOTOROLA Chapter 10. Instruction Set 10-179 

1& 



II 

stfdu 
Store Floating-Point Double-Precision with Update 

stfdu 

o 

frS,d(rA) 

55 frS 

5 6 

if rA= 0 then M-O 
else b~(rA) 

EA~b+d 

10 11 

MEM(EA, 4)~ SINGLE(frS) 

rA~EA 

EA is the sum (rAIO) + d. 

A 

15 16 

stfdu 
Floating-Point Unit 

d 

31 

The contents of register frS is stored into the double word in memory addressed by EA. 

EA is placed into r A. 

While the PowerPC architecture defines the instruction form as invalid if r A=O, the 
MPC601 supports execution with rA=O as shown above. 

Other registers altered: 

• None 
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stfdux stfdux 
Store Floating-Point Double-Precision with Update Indexed Floating-Point Unit 

stfdux frS,rA,rB 

[3] ReseNed 

31 frS A B 759 

o 5 6 10 11 

if rA= 0 then h~O 
else h~(rA) 

EA~h+(rB) 

MEM(EA, 8)~(frS) 
rA~EA 

EA is the sum (r AIO) + (rB). 

15 16 20 21 30 31 

The contents of register frS is stored into the double word in memory addressed by EA. 

EA is placed into r A. 

While the PowerPC architecture defines the instruction form as invalid if rA=O, the 
MPC601 supports execution with r A=O as shown above. 

Other registers altered: 

• None 
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1&1 

stfdx stfdx 
Store Floating-Point Double-Precision Indexed Floating-Point Unit 

stfdx frS,rA,rB 

[]] Reserved 

31 frS A B 727 

o 5 6 10 11 

if r A + 0 then b f-O 
else bf-(rA) 

EAf-b+ (rB) 
MEM(EA. 8)f-(frS) 

EA is the sum (rAIO) + (rB). 

15 16 20 21 30 31 

The contents of register frS is stored into the double word in memory addressed by EA. 

Other registers altered: 

• None 
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stfs stfs 
Store Floating-Point Single-Precision Integer Unit and Floating-Point Unit 

stfs 

o 

frS,d(rA) 

52 frS 

5 6 10 11 

if rA= 0 then b(-O 
else b(-(rA) 

EA(-b + EXTS(d) 

MEM(EA,4)(-SINGLE(frS) 

EA is the sum (rAIO)+d. 

A d 

15 16 31 

The contents of register frS is converted to single-precision and stored into the word in 
memory addressed by EA. 

Other registers altered: 

• None 
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• 

stfsu stfsu 
Store Floating-Point Single-Precision with Update Integer Unit and Floating-Point Unit 

stfsu 

o 

frS,d(rA) 

53 frS 

5 6 10 11 

if rA = 0 then bf-O 
else hf-(rA) 
EAf-h + EXTS(d) 
MEM(EA.4)f-SINGLE(frS) 
rAf-EA 

EA is the sum (rAIO) + d. 

A d 

15 16 31 

The contents of frS is converted to single-precision and stored into the word in memory 
addressed by EA. 

EA is placed into rA. 

While the PowerPC architecture defines the instruction form as invalid if r A=O, the 
MPC601 supports execution with rA=O as shown above. 

Other registers altered: 

• None 
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stfsux 
Store Floating-Point Single-Precision with Update Indexed 

stfsux frS,rA,rB 

stfsux 
Integer Unit and 

Floating-Point Unit 

[ill) Reserved 

31 frS A B 695 

o 5 6 10 11 

if rA = 0 then M-O 
else b~(rA) 

EA~b+(rB) 

MEM(EA, 4)~SINGLE(frS) 
rA~EA 

EA is the sum (rAIO) + (rB). 

15 16 20 21 30 31 

The contents of frS is converted to single-precision and stored into the word in memory 
addressed by EA. 

EA is placed into r A. 

While the PowerPC architecture defines the instruction form as invalid if r A=O, the 
MPC601 supports execution with r A=O as shown above. 

Other registers altered: 

• None 
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1&1 

stfsx 
Store Floating-Point Single-Precision Indexed 

stfsx frS,rA,rB 

stfsx 
Integer Unit and 

Floating-Point Unit 

[E] Reserved 

31 frS A 8 663 

o 5 6 10 11 

if r A=O then bf--O 
else bf--(rA) 
EA~-b+ (rR) 
MEM(EA,4)f--SINGLE(frS) 

EA is the sum (rAIO) + (rB). 

15 16 20 21 30 31 

The contents of register frS is converted to single-precision and stored into the word in 
memory addressed by EA. 

Other registers altered: 

• None 
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sth sth 
Store Half Word Integer Unit 

sth rS,d(rA) 

o 
44 s 

5 6 10 11 

if r A = 0 then b~O 

else b~(rA) 

EA~b + EXTS(d) 

MEM(EA, 2)~rS[ 16-311 

A d 

15 16 31 

EA is the sum (rAIO) + d. Register rS[16-31] is stored into the half word in memory 
addressed by EA. 

Other registers altered: 

• None 
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sthbrx 
Store Half Word Byte-Reverse Indexed 

sthbrx rS,rA,rB 

o 
31 s 

5 6 

if rA = 0 then bf-O 
else bf-(rA) 

EAf-b + (rB) 

10 11 

A 

MEM(EA, 2)f-rS[24-31]II rS[16-23] 

sthbrx 
Integer Unit 

lliJ Reserved 

B 918 

15 16 20 21 30 31 

EA is the sum (rAIO)+(rB). The contents of rS[24-31] are stored into bits 0-7 of the half 
word in memory addressed by EA. Bits rS[16-23] are stored into bits 8-15 of the half word 
in memory addressed by EA. 

Other registers altered: 

• None 
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sthu 
Store Half Word with Update 

sthu 

o 

rS,d(rA) 

45 s 
5 6 10 11 

if rA = 0 then hf-O 
else hf-(rA) 
EAf-h + EXTS(d) 
MEM(EA. 2)f-rS[ 16-31) 

rAf-EA 

sthu 
Integer Unit 

A d 

15 16 31 

EA is the sum (rAIO)+d. The contents of rS[16-31] are stored into the half word in memory 
addressed by EA. 

EA is placed into r A. 

While the PowerPC architecture defines the instruction form as invalid if r A=O, the 
MPC601 supports execution with r A=O as shown above. 

Other registers altered: 

• None 
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sthux 
Store Half Word with Update Indexed 

sthux 

o 

rS,rA,rB 

31 s 
5 6 

if rA = 0 then bf-O 
else bf-(rA) 
EAf-b+ (rR) 

10 11 

MEM(EA. 2)f-rS[ 16-31 J 

rAf-EA 

A 

sthux 
Integer Unit 

ED Reserved 

B 439 

15 16 20 21 30 31 

EA is the sum (r AIO)+(rB). Register rS[16-31] is stored into the half word in memory 
addressed by EA. 

EA is placed into rA. 

While the PowerPC architecture defines the instruction form as invalid if r A=O, the 
MPC601 supports execution with r A=O as shown above. 

Other registers altered: 

• None 
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sthx 
Store Half Word Indexed 

sthx rS,rA,rB 

o 
31 s 

5 6 

if rA = 0 then bf-O 
else bf-(r A) 
EAf-b+ (rB) 
MEM(EA, 2)f-rSI16-31) 

10 11 

sthx 
Integer Unit 

[IT) Reserved 

A B 407 

15 16 20 21 30 31 

EA is the sum (rAIO) + (rB). Register rS[16-31] is stored into the half word in memory 
addressed by EA. 

Other registers altered: 

• None 
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stmw 
Store Multiple Word 

stmw rS,d(rA) 

[POWER mnemonic: stm] 

o 
47 s 

5 6 

if rA = 0 then bf-O 
else bf-(rA) 
EAf-b + EXTS(d) 
rf-rS 

10 11 

do while r $ 31 
MEM(EA,4) f- GPR(r) 
rf-r + 1 
EAf-EA+4 

EA is the sum (rAIO) + d. 

n = (32 - rS). 

stmw 
Integer Unit 

A d 

15 16 31 

n consecutive words starting at EA are stored from the GPRs rS through 31. For example, 
if rS=30, 2 words are stored. 

EA must be a multiple of 4; otherwise, the system alignment error handler may be invoked. 

Other registers altered: 

• None 
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stswi 
Store String Word Immediate 

stswi rS,rA,NB 

[POWER mnemonic: stsi] 

o 
31 s 

5 6 

if rA = 0 then EA~O 
else EA~(rA) 

ifNB = 0 then n~32 
else n~NB 

r~rS-l 

i~O 

do while n>O 

10 11 

if i = 0 then r~r+l (mod 32) 

MEM(EA. I)~GPR(r)[i:i+71 
i~i+8 

if i = 31 then i~O 
EA~EA+l 

n~n-l 

stswi 
Integer Unit 

[ill Reserved 

A NB ns 
15 16 20 21 30 31 

EA is (r AIO). Let n = NB if NB:;t:O, n = 32 if NB=O; n is the number of bytes to store. Let 
nr = CEIL(n/4): nr is the number of registers to supply data. 

n consecutive bytes starting at EA are stored from GPRs rS through rS+nr-l. 

Bytes are stored left to right from each register. The sequence of registers wraps around 
through GPRO if required. 

Other registers altered: 

None 
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stswx 
Store String Word Indexed 

stswx rS,rA,rB 

[POWER mnemonic: stsx] 

o 
31 s 

5 6 

if rA = 0 then bf-O 
else bf-(rA) 
EAf-b+(rB) 
nf-XER[25-3IJ 
rf-rS-1 
if-O 
do while n>O 

10 11 

if i = 0 then rf-r+ 1 (mod 32) 
MEM(EA,1)f-GPR(r)[i:i+7J 
if-i+8 
if i = 31 then i f-O 
EAf-EA+l 
nf-n-1 

stswx 
Integer Unit 

Gill Reserved 

A B 6~ 

15 16 20 21 30 31 

EA is the sum (rAIO)+(rB). Let n = XER[25-31]; n is the number of bytes to store. 

Let nr = CEIL(n/4): nr is the number of registers to supply data. 

n consecutive bytes starting at EA are stored from GPRs rS through rS+nr-l. 

Bytes are stored left to right from each register. The sequence of registers wraps around 
through GPRO if required. 

Other registers altered: 

None 
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stw 
Store Word 

stw rS,d(rA) 

[POWER mnemonic: st] 

o 
36 s 

5 6 

if rA= 0 then bf-O 
else bf-(r A) 
EAf-b + EXTS(d) 
MEM(EA,4)f-rS 

10 11 

stw 
Integer Unit 

A d 

15 16 31 

EA is the sum (r AIO) + d. The contents of rS are stored into the word in memory addressed 
by EA. 

Other registers altered: 

• None 

MOTOROLA Chapter 10. Instruction Set 10-195 



II 

stwbrx 
Store Word Byte-Reverse Indexed 

stwbrx rS,rA,rB 

[POWER mnemonic: stbrx] 

o 
31 s 

5 6 

if rA = 0 then b~O 
else b~(rA) 

EA~b+ (rB) 

10 11 

A B 662 

15 16 20 21 

MEM(EA,4)~rS[24-31) II rS[16-23) II rS[8-15) II rS[O-7) 

stwbrx 
Integer Unit 

lIT] Reserved 

30 31 

EA is the sum (rAIO)+(rB). The contents of rS[24-31] are stored into bits 0-7 of the word 
in memory addressed by EA. Bits rS[16-23] are stored into bits 8-15 of the word in 
memory addressed by EA. Bits rS[8-15] are stored into bits 16-23 of the word in memory 
addressed by EA. Bits rS[O-7] are stored into bits 24-31 of the word in memory addressed 
by EA. 

Other registers altered: 

• None 
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stwcx. 
Store Word Conditional Indexed 

stwcx. rS,rA,rB 

o 
31 s 

5 6 

if rA = 0 then bf-O 
else bf-(r A) 
EAf-b + (rB) 
if RESERVE then 

MEM(EA,4)f-rS 
RESERVEf-O 

10 11 

CROf-ObOO II ObIlI XER[SO] 
else 

CROf-OBOO II aBO II XER[SO] 

EA is the sum (rAIO)+(rB). 

stwcx. 
Integer Unit 

A 8 150 

15 16 20 21 3031 

If a reservation exists, the contents of rS are stored into the word in memory addressed by 
EA and the reservation is cleared. If no reservation exists, the instruction completes without 
altering memory. 

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

CRO[LT GT EQ SO] ~b'OO' II store_perfonned II XER[SO] 

The EQ bit in the condition register field CRO is modified to reflect whether the store 
operation was performed (i.e., whether a reservation existed when the stwcx. instruction 
began execution). If the store was completed successfully, the EQ bit is set to one. 

EA must be a multiple of 4; otherwise, the system alignment error handler may be invoked 
or the results may be undefined. 

Other registers altered: 

Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO 
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• 

stwu 
Store Word with Update 

stwu rS,d(rA) 

[POWER mnemonic: stu] 

o 
37 s 

5 6 

if rA = 0 then hf-O 
else hf-(rA) 
EAf-h + EXTS(d) 
MEM(EA,4)f-rS 
rAf-EA 

10 11 

stwu 
Integer Unit 

A d 

15 16 31 

EA is the sum (rAIO)+d. The contents of rS are stored into the word in memory addressed 
by EA. 

EA is placed into rA. 

While the PowerPC architecture defines the instruction form as invalid if r A=O, the 
MPC601 supports execution with rA=O as shown above. 

Other registers altered: 

• None 
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stwux 
Store Word with Update Indexed 

stwux rS,rA,rB 

[POWER mnemonic: stux] 

o 
31 s 

5 6 

if rA = 0 then bf-O 
else hf-(r A) 
EAf-b+ (rB) 
MEM(EA,4)f-rS 
rAf-EA 

10 11 

stwux 
Integer Unit 

[]ill Reserved 

A B 183 

15 16 20 21 30 31 

EA is the sum (rAIO)+(rB). The contents of rS are stored into the word in memory 
addressed by EA. 

EA is placed into r A. 

While the PowerPC architecture defines the instruction form as invalid if r A=O, the 
MPC601 supports execution with rA=O as shown above. 

Other registers altered: 

• None 
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• 

stwx 
Store Word Indexed 

stwx rS,rA,rB 

[POWER mnemonic: stx] 

o 
31 s 

5 6 

if rA = 0 then b~O 
else b~(rA) 

EA~b+(rB) 

MEM(EA, 4)~rS 

10 11 

stwx 
Integer Unit 

[ill] Reserved 

A B 151 

15 16 20 21 30 31 

EA is the sum (rAIO)+(rB). The contents of rS are is stored into the word in memory 
addressed by EA. 

Other registers altered: 

• None 
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subfx 
Subtract from 

subf rD,rA,rB 

subf. rD,rA,rB 

subfo rD,rA,rB 

subfo. rD,rA,rB 

31 o 

o 5 6 10 11 

rDf--(rA) + (rR) + 1 

(OE=O Rc=O) 

(OE=O Rc=l) 

(OE=l Rc=O) 

(OE=l Rc=l) 

A 

15 16 

B 

The sum --(r A) + (rB) + 1 is placed into rD. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• XER: 

Affected: SO, OV (if OE=l) 

20 21 22 
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Integer Unit 

40 
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subfcx 
Subtract from Carrying 

subfe rD,rA,rB (OE=O Rc=O) 

subfe. rD,rA,rB (OE=O Re=l) 

subfeo rD,rA,rB (OE=l Rc=O) 

subfeo. rD,rA,rB (OE=1 Rc=l) 

[POWER mnemonics: sf, sf., sfo, sfo.] 

31 o A B 

o 5 6 10 11 15 16 

rDf---{rA) + (rR) + 1 

The sum -(rA) + (rB) + I is placed into rD. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• XER: 

Affected: CA 

Affected: SO, OV (if OE=I) 

20 21 22 
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Integer Unit 

8 
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subfex 
Subtract from Extended 

subfe rD,rA,rB (OE=() Rc=O) 

subfe. rD,rA,rB (OE=() Rc= 1) 

subfeo rD,rA,rB (OE=1 Rc=O) 

subfeo. rD,rA,rB (OE=l Rc=l) 

[POWER mnemonics: sfe, sfe., sfeo, sfeo.] 

31 o A B 

o 5 6 10 11 15 16 

rDf--(rA) + (rB) + XER[CA] 

The sum --(rA) + (rB) + XER[CA] is placed into rD. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO 

• XER: 

Affected: CA 

Affected: SO, OV 

(if Rc=l) 

(if OE=1) 

20 21 22 
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Integer Unit 

136 

30 31 
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subfic subfic 
Subtract from Immediate Carrying Integer Unit 

subftc rD,r A,SIMM 

[POWER mnemonic: sft] 

08 D A SIMM 

o 5 6 10 11 15 16 31 

rDf- -.(rA) + EXTS(SIMM) + 1 

The sum-,(rA) + EXTS(SIMM) + 1 is placed into rD. 

Other registers altered: 

• XER: 

Affected: CA 
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subfmex 
Subtract from Minus One Extended 

subfme rD,rA (OE=O Rc=O) 

subfme. rD,rA (OE=O Rc=l) 

subfmeu rD,rA (OE=1 Rc=O) 

subfmeu. rD,rA (OE=l Rc=l) 

[POWER mnemonics: sfme, sfme., sfmeu, sfmeu.] 

31 D 

o 5 6 10 11 15 16 20 21 22 

rDt--.(rA) + XER[CA]- 1 

The sum -.(rA) + XER[CA] + x 'FFFFFFFF' is placed into rD. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO 

• XER: 

Affected: CA 

Affected: SO, OV 

(if Rc=l) 

(if OE=l) 
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subfmex 
Integer Unit 

IE] Reserved 

232 

30 31 
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II 

subfzex 
Subtract from Zero Extended 

subfze rD,rA (OE=() Rc=() 

subfze. rD,rA (OE=() Rc=l) 

subfzeo rD,rA (OE=l Rc=() 

subfzeo. rD,rA (OE=l Rc=l) 

[POWER mnemonics: sfze, sfze., sfzeo, sfzeo.] 

31 D A 

o 5 6 10 11 15 16 

rD~ -,(rA) + XER[CA] 

The sum ,(rA) + XER[CA] is placed into rD. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO 

• XER: 

Affected: CA 

Affected: SO, OV 

(if Rc=l) 

(if OE=l) 

20 21 22 
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200 

30 31 

MOTOROLA 



sync sync 
Synchronize Integer Unit 

[POWER mnemonic: dcs] 

[ill] Reserved 

31 I.··.· .••. • •. • •. QPQ#Q .·.: •• ·.1· ..• · ... ·: ... : .. P •• P •• P.p:·9.{..I ••••••• : •. • •••• :.· ••• p·QP.·p:q •••••••..•• : •••.•••..•.• , 598 

o 5 6 10 11 15 16 20 21 30 31 

The sync instruction provides an ordering function for the effects of all instructions 
executed by a given processor. Executing a sync instruction ensures that all instructions 
previously initiated by the given processor appear to have completed before any subsequent 
instructions are initiated by the given processor. When the sync instruction completes, all 
external accesses initiated by the given processor prior to the sync will have been 
performed with respect to all other mechanisms that access memory. 

The sync instruction can be used to ensure that the results of all stores into a data structure, 
performed in a "critical section" of a program, are seen by other processors before the data 
structure is seen as unlocked. The eieio instruction may be more appropriate than sync for 
cases in which the only requirement is to control the order in which external references are 
seen by I/O devices. 

Other registers altered: 

None 
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tlbie tlbie 
Translation Lookaside Buffer Invalidate Entry Integer Unit 

tlbie rB 

[POWER mnemonic: tlbi] 

LillI Reserved 

31 B 306 

o 5 6 10 11 15 16 20 21 3031 

EA~(rB) 

if UTLB entry exists for EA, then 
UTLB entry~invalid 

EA is the contents of rB. The translation lookaside buffer (referred to as the UTLB) 
containing entries corresponding to the EA are made invalid (i.e., removed from the 
UTLB). Additionally, a TLB invalidate operation is broadcast on the system interface. 

The UTLB search is done regardless of the settings of MSR[IT] and MSR[DT]. 

Block address translation for EA, if any, is ignored. 

If the segment register for EA specifies SR[T]=l (an I/O controller interface segment), no 
UTLB entry invalidation is performed on the local processor and no TLB invalidate 
operation is broadcast on the system interface. 

Because the MPC601 supports broadcast of TLB entry invalidate operations, then the 
following must be observed: 

• The tlbie instruction(s) must be contained in a critical section, controlled by 
software locking, so that tlbie is issued on only one processor at a time. 

A sync instruction must be issued after every tlbie and at the end of the critical 
section. This causes the hardware to wait for the effects of the preceding tlbie 
instructions(s) to propagate to all processors. 

A processor detecting a TLB invalidate broadcast performs the following: 

1. Prevents execution of any new load, store, cache control or tlbie instructions and 
prevents any new reference or change bit updates 

2. Waits for completion of any outstanding memory operations (including updates to 
the reference and change bits associated with the entry to be invalidated) 

3. Invalidates the two entries (both associativity classes) in the UTLB indexed by the 
matching address 

4. Resumes normal execution 
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This is a supervisor-level instruction. 

The software must ensure that SDRl points to the page table when issuing tlbie, even when 
address translation is disabled. Nothing is guaranteed about instruction fetching in other 
processors if the tlbie instruction deletes the page in which some other processor is 
currently executing. 

This instruction is optional in the PowerPC architecture. 

Other registers altered: 

None 
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• 

tw 
Trap Word 

tw TO,rA,rB 

[POWER mnemonic: t] 

o 
31 TO A 

5 6 10 11 

af- EXTS(r A) 
hf- EXTS(rB) 
if (a < b) & TO[O] then TRAP 
if (a > b) & TO[ 1] then TRAP 
if (a = b) & TO[2] then TRAP 
if (a <U b) & TO[3] then TRAP 
if (a >U b) & TO[4] then TRAP 

tw 
Integer Unit 

EITI Reserved 

B 4 

15 16 20 21 3031 

The contents of r A are compared with the contents of rB. If any bit in the TO field is set to 
1 and its corresponding condition is met by the result of the comparison, then the system 
trap handler is invoked. 

Other registers altered: 

None 
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twi 
Trap Word Immediate 

twi TO,rA,SIMM 

[POWER. mnemonic: til 

o 
03 TO A 

5 6 10 11 15 16 

af- EXTS(rA) 
if (a < EXTS(SIMM)) & TO[O) then TRAP 
if (a > EXTS(SIMM)) & TO[ 1) then TRAP 
if (a = EXTS(SIMM)) & TO[2) then TRAP 
if (a <U EXTS(SIMM)) & TO(3) then TRAP 
if (a >U EXTS(SIMM)) & TO(4) then TRAP 

twi 
Integer Unit 

SIMM 

31 

The contents of rA are compared with the sign-extended SIMM field. If any bit in the TO 
field is set to 1 and its corresponding condition is met by the result of the comparison, then 
the system trap handler is invoked. 

Other registers altered: 

None 
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xorx xorx 
XOR Integer Unit 

xor rA,rS,rB (Rc=O) 

xor. rA,rS,rB (Rc=l) 

31 s A B 316 

0 5 6 10 11 15 16 20 21 30 31 

rAf-(rS) ED (rB) 

The contents of rA is XORed with the contents of rB and the result is placed into rA. 

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 
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xori 
XOR Immediate 

xori rA,rS,UIMM 

[POWER mnemonic: xoril] 

26 s 
o 5 6 10 11 

rAf-(rS) EB ((16)0 II UIMM) 

xori 
Integer Unit 

A UIMM 

15 16 31 

The contents of rS is XORed with x'OOOO' II UIMM and the result is placed into rA. 

Other registers altered: 

• None 
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• 

xoris xoris 
XOR Immediate Shifted Integer Unit 

xoris rA,rS,UIMM 

[POWER mnemonic: xoriu] 

27 S _~I _____ A ____ ~ ______________ U_IM_M ____________ ~ 
o 5 6 10 11 15 16 31 

rA~(rS) EB (UIMM II (16)0) 

The contents of rS is XORed with UIMM II x'oooo' and the result is placed into rA. 

Other registers altered: 

• None 
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10.3 Instructions Not Implemented by the MPC601 
Table 10-6 provides a list of 32-bit instructions that are not implemented by the MPC60 I, 
and that generate an illegal instruction exception. Refer to Appendix C, "PowerPC 
Instructions Not Implemented in MPC601 ", for a more detailed description of the 
instructions. 

Table 10-6. 32-Bit Instructions Not Implemented by the MPC601 

Mnemonic Instruction 

fres Floating-Point Reciprocal Estimate Single-Precision 

frsqrte Floating-Point Reciprocal Square Root Estimate 

fsel Floating-Point Select 

fsqrt Floating-Point Square Root 

fsqrts Floating-Point Square Root Single-Precision 

mftb Move from Time Base 

stfiwx Store Floating-Point as Integer Word Indexed 

tibia Translation Lookaside Buffer Invalidate All 

tlbiex Translation Lookaside Buffer Invalidate Entry by Index 

tlbsync Translation Lookaside Buffer Synchronize 

Table 10-7 provides a list of 32-bit SPR encodings that are not implemented by the 
MPC601. 

Table 10-7. 32-Bit SPR Encodings Not Implemented by the MPC601 

SPR 
Register 

Access 
Decimal SPR[S-9] SPR[0-4] 

Name 

284 01000 11100 TB Supervisor 

285 01000 11101 TBU Supervisor 

536 10000 11000 DBATOU Supervisor 

537 10000 11001 DBATOL Supervisor 

538 10000 11010 DBAT1U Supervisor 

539 10000 11011 DBAT1L Supervisor 

540 10000 11100 DBAT2U Supervisor 

541 10000 11101 DBAT2L Supervisor 

542 10000 11110 DBAT3U Supervisor 

543 10000 11111 DBAT3L Supervisor 

Table 10-8 provides a list of 64-bit instructions that are not implemented by the MPC601, 
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and that generate an illegal instruction exception. Refer to Appendix C, "PowerPC 
Instructions Not Implemented in MPC601". 

Table 10-8. 64-Bit Instructions Not Implemented by the MPC601 

Mnemonic Instruction 

entlzd Count Leading Zeros Double Word 

divd Divide Double Word 

divdu Divide Double Word Unsigned 

extsw Extend Sign Word 
"-

fefid Floating Convert From Integer Double Word 

fetid Floating Convert to Integer Double Word 

fetidz Floating Convert to Integer Double Word with Round to Zero 

Id Load Double Word 

Idarx Load Double Word and Reserve Indexed 

Idu Load Double Word with Update 

Idux Load Double Word with Update Indexed 

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 

rldel Rotate Left Double Word then Clear Left 

rider Rotate Left Double Word then Clear Right 

rldie Rotate Left Double Word Immediate then Clear 

rldiel Rotate Left Double Word Immediate then Clear Left 

rldier 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 

slbiex SLB Invalidate Entry by Index 

sid Shift Left Double Word 

srad Shift Right Algebraic Double Word 

sradi Shift Right Algebraic Double Word Immediate 
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Table 10-8. 64-Bit Instructions Not Implemented by the MPC601(Continued) 

Mnemonic Instruction 

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 

Table 10-9 provides the 64-bit SPR encoding that is not implemented by the MPC601. 

Table 10-9. 64-Bit SPR Encoding Not Implemented by the MPC601 

SPR 
Register 

Name 
Access 

Decimal SPR[5-9] SPR[0-4] 

280 01000 11000 ASR Supervisor 

• 
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Appendix A 
Instruction Set Listings 
This appendix lists the instruction set implemented in the MPC60 I and the additional 
PowerPC instructions not implemented in the MPC60, first sorted by mnemonic and then 
by opcode. 

A.1 Complete Instruction List Sorted by Mnemonic 
Table A-I lists the instructions implemented in the MPC60 I plus those defined in the 
PowerPC architecture that are not implemented in the MPC60 I in alphabetical order by 
mnemonic.] 

T3t)le A-1. Complete Instruction List Sorted by Mnemonic 

Key: 

II Reserved bits l:!:!II:!:!:!:!] Instruction not implemented in the MPC601 

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 

absx 

addx 

addcx 

addex 

addi 14 o A SIMM 

addic 12 o A SIMM 

addie. 13 o A SIMM 

addis 

addmex 

addzex 

andx 

andcx 

andi. 

andis. 
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• 

Name 

bx 

bex 

beetrx 

belrx 

cles 

emp 

empi 

empl 

erand 

crande 

ereqv 

crnand 

ernor 

eror 

erore 

erxor 

debt 

debi 

debst 

debt 

debtst 

debz 

divwx 

divwux 

dozx 

dozi 

A-2 

0 

18 

19 

19 

19 

19 

31 

31 

31 

31 

31 

31 

9 

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 

257 

crbA crbB 129 

crbD crbA crbB 289 

crbD crbA crbB 

crbD crbA crbB 33 

449 

417 

crbD crbA crbB 193 

86 

54 

278 

246 

1014 

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

eciwx 

ecowx 

eieio 

eqvx 

extsbx 

fctiwzx 

fdivx 

fdivsx 

fmaddx 

fmaddsx 

fmrx ., 
fmsubx C 

fmsubsx C 

fmulx 0 C 

fmulsx 0 C 25 

fnabsx 0 136 

fnegx 40 

fnmaddx 

fnmaddsx 

fnmsubx 
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Name 0 

Ibz 

Ibzu 

Ibzux 

Ibzx 

Ifdx 

Ifs 

Ifsu 

Ifsux 

Ifsx 

Iha 

Ihau 

Ihaux 

Ihax 

Ihbrx 

1hz 

Ihzu 

Ihzux 

34 

35 

31 

31 

31 

48 

49 

31 

43 

31 

31 

40 

41 

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 

o A d 

o A d 

o A B 119 

o A B 87 

0 A B 

0 A d 

LJ A d 

0 A B 567 

B 535 

0 A d 

0 A B 375 

0 A B 

0 A B 790 

0 A d 

A 

0 A B 

A:6/i6""'~&NJhI:6/lNIoM&:W>''lo6 i61WII'>I'a!>l""'&i6IlaM61l6nl'lll66'\ll~""'Io/'I66j""'ioIIo'k'IN M4~16lIIJo')/'IoI 1li&':~MNlotIlloW!lo:'I~1o'I O"toIIo!'Io/!oc'Io",/',!loI'>INii.16.'I6lII'a6: 1/\Ol1o'lol16l1Mi'NI&~ 01: ... 
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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 

Ihzx 
Imw 

Isebxx 
Iswi 

Iwz 
Iwzu 

Iwzux 
Iwzx 

maskgx 

maskirx 
merf 

merfs 
merxr 

mfer 
mffsx 

mfmsr 
mfspr 

mfsr 

32 
33 
31 

31 
31 
19 
63 
31 

63 
31 
31 

0 A d 

0 A d 

0 A B 

S A B 

A B 

erfD 
crfD 

583 
83 

339 

mtfSbox~====6~3~====t::=~~==~i1l1lilillflllililil~==========~70~========~~ mtfSb1X[ 63 38 
mtfsfx 31 711 
mtfsfix 
mtmsr 

~--------~ ______ ~~~~ZL~Z2~£L~~ ______________ ~bd mtspr 
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Name 0 

mtsr 

mtsrin 

mulIi 

nabsx 

nandx 

neg x 

norx 

orx 

orcx 

ori 

oris 

rlwinmx 

rlwnmx 

rribx 

A-6 

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 

488 

476 

31 

31 

31 412 

UIMM 

25 UIMM 
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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 

sleqx A 

sliqx 31 S A SH 184 

slliqx 31 S A SH 248 

sllqx 31 S A B 216 

slqx S 

slwx S 

sraiqx S 

srawx S A B 

srawix 31 S A SH 824 

srd 31 S A B 539 

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 

srex 31 S A B 665 

sreax 31 S A B 921 

srliqx 31 III srlqx 31 S A B 728 

srqx 31 S A B 664 

srwx 31 B 536 

stb 38 S A 

stbu 39 S A d 

stbux S A B 247 

MOTOROLA Appendix A. Instruction Set Listings A-7 



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 

stfsu d 

stfsux 31 frS A B 

stfsx 31 frS A B 

sth 44 S A d 

sthbrx 31 S A B 918 

sthu 45 S A d 

sthux 31 S A B 439 

sthx 31 S A B 

stmw 47 S A d 

stswi 31 S A 

stswx A B 

stw 36 S A d 

stwbrx 31 S A B 

stwcx. 3 A B ,. stwu 37 S A d 

stwux 3 A 183 

stwx 31 S A B 151 

subfx 31 D A B 40 

subfcx 31 D A B 8 

subfex A B 136 

subfic 

subfmex 

subfzex 
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Name 0 

xori 

xoris 

MOTOROLA 

26 

27 

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 UIMM 

s A UIMM 

• 
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A.2 PowerPC Instruction List Sorted by Opcode 
Table A-2 lists only the instructions defined in the PowerPC architecture that are 
implemented in the MPC60 I in numeric order by opcode. It does not include the MPC601-
only instructions implemented for POWER architecture compatibility. It also does not 
include the PowerPC instructions not implemented on the MPC601. 

Table A-2. PowerPC Instructions Implemented by MPC601 : by Opcode 

Primary Extended 
Mnemonic Instruction 

Opcode Opeode 

3 twi Trap Word Immediate 

7 mulli Multiply Low Immediate 

8 subfic Subtract from Immediate Carrying 

10 cmpli Compare Logical Immediate 

11 empi Compare Immediate 

12 addic Add Immediate Carrying 

13 addie. Add Immediate Carrying and Record 

14 addi. Add Immediate 

15 addis Add Immediate Shifted 

16 bcx Branch Conditional 

17 1 sc System Call 

18 bx Branch 

19 0 mcrf Move Condition Register Field 

19 16 bclrx Branch Conditional to Link Register 

19 33 crnor Condition Register NOR 

19 50 rfi Return from Interrupt 

19 129 crandc Condition Register AND with Complement 

19 150 isync Instruction Synchronize 

19 193 crxor Condition Register XOR 

19 225 crnand Condition Register NAND 

19 257 crand Condition Register AND 

19 289 creqv Condition Register Equivalent 

19 417 crorc Condition Register OR with Complement 

19 449 cror Condition Register OR 

19 528 bcctrx Branch Conditional to Count Register 

20 rlwimix Rotate Left Word Immediate then AND with Mask Insert 

21 rlwinmx Rotate Left Word Immediate then AND with Mask 
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Table A-2. PowerPC Instructions Implemented by MPC601 : by Opcode (Continued) 

Primary Extended 
Mnemonic Instruction 

Opcode Opcode 

23 rlwnmx Rotate Left Word then AND with Mask 

24 ori OR Immediate 

25 oris OR Immediate Shifted 

26 xori XOR Immediate 

27 xoris XOR Immediate Shifted 

28 andi. AND Immediate 

29 andis. AND Immediate Shifted 

31 0 cmp Compare 

31 4 tw Trap Word 

31 8 subfcx Subtract from Carrying 

31 10 addcx Add Carrying 

31 11 mulhwux Multiply High Word Unsigned 

31 19 mfcr Move from Condition Register 

31 20 Iwarx Load Word And Reserve Indexed 

31 23 Iwzx Load Word and Zero Indexed 

31 24 slwx Shift Left Word 

31 26 cntlzwx Count Leading Zeros Word 

31 28 and x AND 

31 32 cmpl Compare Logical 

31 40 subfx Subtract from 

31 54 dcbst Data Cache Block Store .. 
31 55 Iwzux Load Word and Zero with Update Indexed 

31 60 andcx AND with Complement 

31 75 mUlhw[.] Multiply High Word 

31 83 mfmsr Move from Machine State Register 

31 86 dcbf Data Cache Block Flush 

31 87 Ibzx Load Byte and Zero Indexed 

31 104 negx Negate 

31 115 mfpmr Move from Program Mode Register 

31 119 Ibzux Load Byte and Zero with Update Indexed 

31 124 norx NOR 

31 136 subfex Subtract from Extended 
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Table A-2. PowerPC Instructions Implemented by MPC601 : by Opcode (Continued) 

Primary Extended 
Mnemonic Instruction 

Opcode Opcode 

31 138 addex Add Extended 

31 144 mterf Move to Condition Register Fields 

31 146 mtmsr Move to Machine State Register 2 

31 150 stwex. Store Word Conditional Indexed 

31 151 stwx Store Word Indexed 

31 178 mtpmr Move to Program Mode Register 

31 183 stwux Store Word with Update Indexed 

31 200 subfzex Subtract from Zero Extended 

31 202 addzex Add to Zero Extended 

31 210 mtsr Move to Segment Register 

31 215 stbx Store Byte Indexed 

31 232 subfmex Subtract from Minus One Extended 

31 234 addmex Add to Minus One Extended 

31 235 mullx Multiply Low 

31 242 mtsrin Move to Segment Register Indirect 

31 246 debtst Data Cache Block Touch for Store 

31 247 stbux Store Byte with Update Indexed 

31 266 addx Add 

31 275 mftb Move from Time Base 

31 278 debt Data Cache Block Touch ,. 
31 279 Ihzx Load Halfword and Zero Indexed 

31 284 eqvx Equivalent 

31 306 tlbie TLB Invalidate Entry 

31 307 mftbu Move from Time Base Upper 

31 310 eeiwx External Control Input Word indexed 

31 311 Ihzux Load Halfword and Zero with Update Indexed 

31 316 xorx XOR 

31 339 mfspr Move from Special Purpose Register 

31 343 Ihax Load Halfword Algebraic Indexed 

31 375 Ihaux Load Halfword Algebraic with Update Indexed 

31 403 mttb Move to Time Base 2 

31 407 sthx Store Halfword Indexed 
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Table A-2. PowerPC Instructions Implemented by MPC601 : by Opcode (Continued) 

Primary Extended 
Mnemonic Instruction Opcode Opcode 

31 412 orcx OR with Complement 

31 434 slbia SLB Invalidate Entry 

31 435 mttbu Move to Time Base Upper 

31 438 ecowx External Control Output Word indexed 

31 439 sthux Store Halfword with Update Indexed 

31 444 orx OR 

31 459 divwux Divide Word Unsigned 

31 466 slbiex SLB Invalidate Entry by Index 

31 467 mtspr Move to Special Purpose Register 

31 470 dcbi Data Cache Block Invalidate 

31 476 nandx NAND 

31 491 divwx Divide Word 

31 498 slbia SLB Invalidate All 

31 512 mcrxr Move to Condition Register from XER 

31 533 Iswx Load String Word Indexed 

31 534 Iwbrx Load Word Byte-Reverse Indexed 

31 535 Ifsx Load Floating-Point Single-Precision Indexed 

31 536 srwx Shift Right Word 

31 567 Ifsux Load Floating-Point Single-Precision with Update Indexed 

31 595 mfsr Move from Segment Register 

31 597 Iswi Load String Word Immediate 

31 598 sync Synchronize • 31 599 Ifdx Load Floating-Point Double-Precision Indexed 

31 631 Ifdux Load Floating-Point Double-Precision with Update Indexed 

31 659 mfsrin Move from Segment Register Indirect 

31 661 stswx Store String Word Indexed 

31 662 stwbrx Store Word Byte-Reverse Indexed 

31 663 stfsx Store Floating-Point Single-Precision Indexed 

31 695 stfsux Store Floating-Point Single-Precision with Update Indexed 

31 725 stswi Store String Word Immediate 

31 727 stfdx Store Floating-Point Double-Precision Indexed 
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Table A-2. PowerPC Instructions Implemented by MPC601: by Opcode (Continued) 

Primary Extended 
Mnemonic Instruction Opcode Opcode 

31 759 stfdux Store Floating-Point Double-Precision with Update 
Indexed 

31 790 Ihbrx Load Halfword Byte-Reverse Indexed 

31 792 srawx Shift Right Algebraic Word 

31 824 srawix Shift Right Algebraic Word Immediate 

31 854 eieio Enforce In-Order Execution of I/O 

31 918 sthbrx Store Halfword Byte-Reverse Indexed 

31 922 extshx Extend Sign Halfword 

31 954 extsbx Extend Sign Byte 

31 982 icbi Instruction Cache Block Invalidate 

31 983 stfiwx Store Floating-Point as Integer Word Indexed 

31 1014 dcbz Data Cache Block set to Zero 

31 tibia TLB Invalidate All 

31 tlbiex TLB Invalidate Entry by Index 

32 Iwz Load Word and Zero 

33 Iwzu Load Word and Zero with Update 

34 Ibz Load Byte and Zero 

35 Ibzu Load Byte and Zero with Update 

36 stw Store Word 

37 stwu Store Word with Update 

38 stb Store Byte 

39 stbu Store Byte with Update 

40 1hz Load Halfword and Zero 

41 Ihzu Load Halfword and Zero with Update 

42 Iha Load Halfword Algebraic 

43 Ihau Load Halfword Algebraic with Update 

44 sth Store Halfword 

45 sthu Store Halfword with Update 

46 Imw Load Multiple Word 

47 stmw Store Multiple Word 

48 Ifs Load Floating-Point Single-Precision 

49 Ifsu Load Floating-Point Single-Precision with Update 
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Table A-2. PowerPC Instructions Implemented by MPC601: by Opcode (Continued) 

Primary Extended 
Mnemonic Instruction 

Opcode Opcode 

50 Ifd Load Floating-Point 

51 Ifdu Load Floating-Point Double-Precision with Update 

52 sUs Store Floating-Point Single-Precision 

53 sUsu Store Floating-Point Single-Precision with Update 

54 sUd Store Floating-Point Double-Precision 

55 stfdu Store Floating-Point Double-Precision with Update 

59 18 fdivsx Floating-Point Divide Single-Precision 

59 20 fsubsx Floating-Point Subtract Single-Precision 

59 21 faddsx Floating-Point Add Single-Precision 

59 22 frsqrtsx Floating-Point Square Root Single-Precision 

59 24 fresx Floating-Point Reciprocal Estimate Single-Precision 

59 25 fmulsx Floating-Point Multiply Single-Precision 

59 28 fmsubsx Floating-Point Multiply-Subtract Single-Precision 

59 29 fmaddsx Floating-Point Multiply-Add Single-Precision 

59 30 fnmsubsx Floating-Point Negative Multiply-Subtract Single-Precision 

59 31 fnmaddsx Floating-Point Negative Multiply-Add Single-Precision 

63 0 fcmpu Floating-Point Compare Unordered 

63 12 frspx Floating-Point Round to Single-Precision 

63 14 fctiwx Floating-Point Convert to Integer Word 

63 15 fctiwzx Floating-Point Convert to Integer Word with Round Toward 
Zero 

63 18 fdivx Floating-Point Divide 

63 20 fsubx Floating-Point Subtract 

63 21 faddx Floating-Point Add 

63 22 frsqrtx Floating-Point Square Root 

63 23 fselx Floating-Point Select 

63 25 fmulx Floating-Point Multiply 

63 26 frsqrtex Floating-Point Reciprocal Square Root Estimate 

63 28 fmsubx Floating-Point Multiply-Subtract 

63 29 fmaddx Floating-Point Multiply-Add 

63 30 fnmsubx Floating-Point Negative Multiply-Subtract 

63 31 fnmaddx Floating-Point Negative Multiply-Add 
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Table A-2. PowerPC Instructions Implemented by MPC601 : by Opcode (Continued) 

Primary Extended 
Mnemonic Instruction 

Opcode Opcode 

63 32 fcmpo Floating-Point Compare Ordered 

63 38 mtfsb1x Move to FPSCR Bit 1 

63 40 fnegx Floating-Point Negate 

63 64 mcrfs Move to Condition Register from FPSCR 

63 70 mtfsbOx Move to FPSCR Bit 0 

63 72 fmrx Floating-Point Move Register 

63 134 mtfsfix Move to FPSCR Field Immediate 

63 136 fnabsx Floating-Point Negative Absolute Value 

63 264 fabsx Floating-Point Absolute Value 

63 583 mffsx Move from FPSCR 

63 711 mtfsfx Move to FPSCR Fields 

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

In general, the incompatibilities identified here are those that affect a POWER application 
program. Incompatibilities for instructions that can be used only by POWER system 
programs are not discussed. Note that this section describes incompatibilities with respect 
to the PowerPC architecture in general. The MPC601 is more closely compatible with the 
POWER architecture. POWER instructions implemented in the MPC601 are listed in 
Table B-4. 

B.1 New Instructions, Formerly Privileged 
Instructions 

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

B.2 Newly Privileged Instructions 
The following instructions are user-level in the POWER architecture but are supervisor­
level in PowerPC processors. 

• mfmsr 
• mfsr 

B.3 Reserved Bits in Instructions 
These are shown with '/'s in the instruction opcode definitions. In the POWER architecture 
such bits are ignored by the processor. In PowerPC architecture they must be 0 or the 
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instruction form is invalid. In several cases the PowerPC architecture assumes that such bits 
in POWER instructions are indeed O. The cases include the following: 

• cmpi, cmp, cmpli, and cmpl assume that bit lOin the POWER instructions is O. 

• mtspr and mfspr assume that bits 16-20 in the POWER instructions are O. 

B.4 Reserved Bits in Registers 
The POWER architecture defines these bits to be 0 when read, and either 0 or 1 when 
written to. In the PowerPC architecture it is implementation-dependent, for each register, 
whether these bits are 0 when read and ignored when written to or are copied from source 
to target when read or written to. 

B.5 Alignment Check 
The AL bit in the POWER machine-state register, MSR[24], is not supported in the 
PowerPC architecture. The bit is reserved in the PowerPC architecture. The low-order bits 
of the EA are always used. Notice that the value O-the normal value for a reserved SPR 
bit-means "ignore the low-order EA bits" in the POWER architecture, and the value 1 
means "use the low-order EA bits." However, MSR[24] is not assigned new meaning in 
PowerPC. 

B.6 Condition Register 
The following instructions specify a field in the CR explicitly (via the BF field) and also 
have the record bit option. In the PowerPC architecture, if Rc=1 for these instructions the 
instruction form is invalid. In the POWER architecture, if Rc= 1 the instructions execute 
normally except as shown in Table B-1. 

Table B·1. Condition Register Settings 

Instruction Setting 

cmp CRa is undefined if Rc=1 and BF*a 

cmpl CRa is undefined if Rc=1 and BF*O 

mcrxr CRa is undefined if Rc=1 and BF*O 

fcmpu CR1 is undefined if Rc=1 

fcmpo CR1 is undefined if Rc=1 

mcrfs CR1 is undefined if Rc=1 and BF*1 

B.7 Inappropriate Use of LK and Rc bits 
For the instructions listed below, if LK= 1 or Rc= 1, POWER processors execute the 
instruction normally with the exception of setting the link register (if LK= 1) or the 
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condition register field 0 or 1 (if Rc= 1) to an undefined value. In the PowerPC architecture, 
such instruction forms are invalid. 

PowerPC instruction form is invalid if LK= 1 : 

se (sve in the POWER architecture) 

Condition register logical instructions 

merf 

isyne (ies in the POWER architecture) 

PowerPC instruction form is invalid if Rc= 1 : 

Integer X-form load and store instructions 

Integer X-form compare instructions 

X-form trap instruction 

mtspr, mfspr, mterf, merxr, mfer, mtmsr, mfmsr, mtsr, mtsrin, Ubi, eciwx, 
eeuwx, cles, mfsr, mfsrin, sync, eieiu, ieli 

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

merfs 

debz (dclz in the POWER architecture) 

B.8 BO Field 
The POWER architecture shows certain bits in the BO field-used by branch conditional 
instructions-as x without indicating how these bits are to be interpreted. These bits are 
ignored by POWER processors. The PowerPC architecture treats these bits differently, as 
shown in Table B-2. 

Table 8-2. Differences in the 80 Field 

80 Field Description 

80[0-3] The PowerPC architecture shows the bits as z. If it is not cleared, the instruction form is 
invalid. 

80[4] This bit, which is shown as x in the POWER architecture independent of the other four 
bits-is shown in the PowerPC architecture as y. It gives a hint about whether the 
branch is likely to be taken. If a POWER program has the wrong value for this bit, the 
program runs correctly but performance may suffer. 

B.9 Branch Conditional to Count Register 
For the case in which the count register is decremented and tested (that is, the case in which 
BO[2]=O), the POWER architecture specifies only that the branch target address is 
undefi ned, implying that the count register, and the link register (if LK= 1), are updated in 
the normal way. The PowerPC architecture considers this instruction form invalid. 
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B.10 System Call/Supervisor Call 
The System Call (sc) instruction in the PowerPC architecture is called Supervisor Call 
(svcx) in the POWER architecture. Differences in implementations are as follows: 

• The POWER architecture provides a version of the Supervisor Call instruction (bit 
30 = 0) that allows instruction fetching to continue at anyone of 12X locations. It is 
used for "fast SVCs." The PowerPC architecture provides no such version 

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

• For the POWER architecture, information from the MSR is saved in the count 
register. For the PowerPC architecture, this information is saved in SRR 1. 

• The POWER architecture permits bits 16--29 of the Supervisor Call instruction to be 
non-zero, while in the PowerPC architecture, such an instruction form is invalid. 

• Bits 16-290f the Supervisor Call instruction are regarded as reserved for the 
POWER architecture. As long as POWER compatibility is required for this 
instruction, bits 16-29 are ignored by the processor. 

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

• The settings of the MSR bits by the system call exception differ between the 
POWER architecture and the PowerPC architecture. 

B.11 Update Forms of Memory Access 
The PowerPC architecture requires that rA not be equal to either rD (integer load only) or 
O. If the restriction is violated, the instruction form is invalid. See Appendix D, "Classes of 
Instructions," for information about invalid instructions. The POWER architecture permits 
these cases and simply avoids saving the EA. 

B.12 Multiple Register Loads 
The PowerPC architecture requires that rA and rB if present in the instruction format, not 
be in the range of registers to be loaded, while the POWER architecture permits this and 
does not alter rA or rB in this case. (The PowerPC architecture restriction applies even if 
rA=O, although there is no obvious benefit to the restriction in this case since rAis not used 
to compute the effective address if rA=O.) If the PowerPC architecture restriction is 
violated, the instruction form is invalid. The instructions affected are listed as follows: 

• Imw (1m in the POWER architecture) 

• Iswi (lsi in the POWER architecture) 

• Iswx (lsx in the POWER architecture) 
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Thus, for example, an Imw instruction that loads all 32 registers is valid in the POWER 
architecture but is an invalid form in the PowerPC architecture. 

8.13 Alignment for Load/Store Multiple 
The PowerPC mchitecture requires the EA to be word-aligned and yields an alignment 
exception or boundedly undefined results if it is not. The POWER architecture specifies that 
an alignment exception occurs (if AL= 1). 

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

8.15 Synchronization 
The sync instruction (called des in the POWER architecture) causes a much more pervasive 
synchronization in the PowerPC architecture than in the POWER architecture. For more 
information, refer to Chapter 10, "Instruction Set." 

8.16 Move to/from SPR 
Differences in how the Move to/from Special Purpose Register (mtspr and mfspr) 
instructions me as follows: 

• The SPR field is 10 bits long in the PowerPC architecture, but only 5 in POWER 
archi tecture. 

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

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

For PowerPC processors except the MPC601 processor, a program exception is generated 
for an attempt to execute an mtspr or mfspr instruction with SPR[O--4]=O (which denotes 
the MQ register). Similarly, a program exception is generated for attempts to execute an 
mfspr instruction with SPR[0-4]=6 (which denotes reading the decrementer register in the 
POWER architecture). 
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B.17 Effects of Exceptions on FPSCR Bits FR and FI 
For the following cases, the POWER architecture does not specify how the FR and FI bits 
are set, while the PowerPC architecture preserves them for illegal operation exceptions 
caused by compare instructions and clears them otherwise. 

• Invalid operation exception (enabled or disabled) 

• Zero divide exception (enabled or disabled) 

• Disabled overflow exception 

B.18 Floating-Point Store Instructions 
The POWER architecture uses FPSCR[UE] to help determine whether denormalization 
should be done, while the PowerPC architecture does not. Using FPSCR[UE] is in fact 
incorrect: in the PowerPC architecture if FPSCR[UE]= 1 and a denormalized single­
precision number is copied from one memory location to another by means of an Ifs 
instruction followed by an stfs instruction, the two "copies" may not be the same. 

B.19 Move from FPSCR 
The POWER architecture defines the high-order 32 bits of the result of mffs to be x 'FFFF 
FFFF'. In the PowerPC architecture they are undefined. 

B.20 Clearing Bytes in the Data Cache 
The dclz instruction of the POWER architecture and the dcbz instruction of the PowerPC 
architecture have the same opcode. However, the functions differ in the following respects. 

• The dclz instruction clears a line; dcbz clears a block (a sector in the MPC()Ol). 

• The dclz instruction saves the EA in r A (if r A:t=O); dcbz does not. 

• The dclz instruction is supervisor-level; dcbz is not. 

B.21 Segment Register Instructions 
The definitions of the four segment register instructions (mtsr, mtsrin, mfsr, and mfsrin) 
differ in two respects between the POWER architecture and the PowerPC architecture. 
Instructions similar to mtsrin and mfsrin are called mtsri and mfsri in the POWER 
architecture. 

Privilege-mfsr and mfsri are problem state instructions in the POWER architecture, 
while mfsr and mfsrin are privileged in the PowerPC architecture. 

Function-the indirect instructions (mtsri and mfsri) in the POWER architecture use an 
r A register in computing the segment register number, and the computed EA is stored into 
r A (if r A:t=O and r A:t=rD); in the PowerPC architecture mtsrin and mfsrin have no r A field 
and EA is not stored. 
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The mtsr, mtsrin (mtsri), and mfsr instructions have the same opcodes in the PowerPC 
architecture as in the POWER architecture. The mfsri instruction in the POWER 
architecture and the mfsrin instruction in PowerPC architecture have different opcodes. 

B.22 TLB Entry Invalidation 
The Ubi instruction of the POWER architecture and the Ubie instruction of the PowerPC 
architecture have the same opcode. However, the functions differ in the following respects. 

• The Ubi instruction computes the EA as (rAIO) + (rB), while tlbie lacks an rA field 
and computes the EA as (rB). 

• The Ubi instruction saves the EA in rA (if rA;tO); Ubie lacks an rA field and does 
not save the EA. 

B.23 Timing Facilities 
This section describes differences between the POWER architecture and the PowerPC 
architecture timer facilities. 

8.23.1 Real-Time Clock 
The MPC601 implements a POWER-based RTC. Note that the POWER RTC is not 
supported in the PowerPC architecture. Instead, the PowerPC architecture provides a time 
base (TB). Both the RTC and the time base are 64-bit special purpose registers, but they 
differ in the following respects. 

• The RTC counts seconds and nanoseconds, while the TB counts "ticks." The 
frequency of the RTC is implementation-dependent. 

• The RTC increments discontinuously-l is added to RTCU when the value in 
RTCL passes 999_999_999. The TB increments continuously-l is added to TBU 
when the value in TBL passes x'FFFF FFFF'. 

The RTC is written and read by the mtspr and mfspr instructions, using SPR 
numbers that denote the RTCU and RTCD. The TB is written and read by new 
instructions (mttb, mttbu, mftb, and mftbu). 

The SPR numbers that denote RTCL and RTCU are invalid in the PowerPC 
architecture except the MPC601. 

• The RTC is guaranteed to increment at least once in the time required to execute 10 
Add Immediate (addi) instructions. No analogous guarantee is made for the TB. 

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

8.23.2 Decrementer 
The PowerPC architecture DEC register decrements at the same rate that the TB 
increments, while the POWER decrementers decrement every nanosecond (which is the 
same rate that the RTC increments). 
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Not all bits of the POWER DEC need be implemented, while all bits of the PowerPC DEC 
must be implemented. 

8.23.3 Deleted Instructions 
The following instructions are part of the POWER architecture but have been dropped from 
the PowerPC architecture. 

Table 8-3. Deleted POWER Instructions 

Mnemonic Instruction 
Primary Secondary In MPC601 
Opcode Opcode Processor 

abs Absolute 31 360 Yes 

clcs Cache Line Compute Size 31 531 Yes 

clf Cache Line Flush 31 118 No 

cli Cache Line Invalidate 31 502 No 

dclst Data Cache Line Store 31 630 No 

div Divide 31 331 Yes 

divs Divide Short 31 363 Yes 

doz Difference or Zero 31 264 Yes 

dozi Difference or Zero Immediate 09 - Yes 

Iscbx Load String and Compare Byte Indexed 31 277 Yes 

maskg Mask Generate 31 29 Yes 

maskir Mask Insert from Register 31 541 Yes 

mfsri Move from Segment Register Indirect 31 627 Yes 

mul Multiply 31 107 Yes 

nabs Negative Absolute 31 488 Yes 

rac Real Address Compute 31 818 No 

rlmi Rotate Left then Mask Insert 22 - Yes 

rrib Rotate Right and Insert Bit 31 537 Yes 

sle Shift Left Extended 31 153 Yes 

sleq Shift Left Extended with MQ 31 217 Yes 

sliq Shift Left Immediate with MQ 31 184 Yes 

slliq Shift Left Long Immediate with MQ 31 248 Yes 

sllq Shift Left Long with MQ 31 216 Yes 

slq Shift Left with MQ 31 152 Yes 

sraiq Shift Right Algebraic Immediate with MQ 31 952 Yes 

sraq Shift Right Algebraic with MQ 31 920 Yes 
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Table 8-3. Deleted POWER Instructions (Continued) 

Mnemonic Instruction 
Primary Secondary In MPC601 
Opcode Opcode Processor 

sre Shift Right Extended 31 665 Yes 

srea Shift Right Extended Algebraic 31 921 Yes 

sreq Shift Right Extended with MQ 31 729 Yes 

sriq Shift Right Immediate with MQ 31 696 Yes 

srliq Shift Right Long Immediate with MQ 31 760 Yes 

srlq Shift Right Long with MQ 31 728 Yes 

srq Shift Right with MQ 31 664 Yes 

svc[I] Supervisor Call, with SA=O 17 0 No 

Note: Many of these instructions use the MQ register. The MQ is not defined in the PowerPC architecture, 
but is implemented in the MPC601 processor. 

8.24 POWER Instructions Supported by the MPC601 
Processor 

Table B-4lists the POWER instructions implemented in the PowerPC architecture. 

Table 8-4. POWER Instructions Implemented in PowerPC Architecture 

POWER PowerPC 

Mnemonic Instruction Mnemonic Instruction 

a[o][.] Add addc[o][.] Add Carrying 

ae[o][.] Add Extended adde[o][.] 

ai Add Immediate addic Add Immediate Carrying 

ai. Add Immediate and addic. Add Immediate Carrying 
Record and Record 

ame[o][.] Add to Minus One addme[o][.] 
Extended 

andil. AND Immediate Lower andi. AND Immediate 

andiu. AND Immediate Upper andis. AND Immediate Shifted 

aze[o][.] Add to Zero Extended addze[o][.] 

bcc[l] Branch Conditional to beetr[l] 
Count Register 

ber[l] Branch Conditional to Link bclr[l] 
Register 

cal Compute Address Lower addi Add Immediate 

cau Compute Address Upper addis Add Immediate Shifted 
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Table 8·4. POWER Instructions Implemented in PowerPC Architecture (Continued) 

POWER PowerPC 

Mnemonic Instruction Mnemonic Instruction 

cax[o][.] Compute Address add[o][.] Add 

cntlz[.] Count Leading Zeros cntlzw[.] Count Leading Zeros 
Word 

des Data Cache Synchronize sync Synchronize 

exts[.] Extend Sign extsh[.] Extend Sign Half Word 

fa[.] Floating Add fadd[.] 

fd[.] Floating Divide fdiv[.] 

fm[.] Floating Multiply fmul[.] 

fma[.] Floating Multiply-Add fmadd[.] 

fms[.] Floating Multiply-Subtract fmsub[.] 

fnma[.] Floating Negative fnmadd[.] 
Multiply-Add 

fnms[.] Floating Negative fnmsub[.] 
Multiply-Subtract 

fS[.] Floating Subtract fsub[.] 

I Load Iwz Load Word and Zero 

Ibrx Load Byte-Reverse Iwbrx Load Word Byte-Reverse 
Indexed Indexed 

1m Load Multiple Imw Load Multiple Word 

lsi Load String Immediate Iswi Load String Word 
Immediate 

Isx Load String Indexed Iswx Load String Word Indexed 

lu Load with Update Iwzu Load Word and Zero with 
Update 

lux Load with Update Indexed Iwzux Load Word and Zero with 
Update Indexed 

Ix Load Indexed Iwzx Load Word and Zero 
Indexed 

mtsri Move to Segment mtsrin Move to Segment 
Register Indirect Register Indirect * 

muli Multiply Immediate mulIi Multiply Low Immediate 

muls[o][.] Multiply Short mulJ[o][.] Multiply Low 

oril OR Immediate Lower ori OR Immediate 

oriu OR Immediate Upper oris OR Immediate Shifted 
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Table 8-4. POWER Instructions Implemented in PowerPC Architecture (Continued) 

POWER PowerPC 

Mnemonic Instruction Mnemonic Instruction 

rlimi[.] Rotate Left Immediate rlwimi[.] Rotate Left Word 
then Mask Insert Immediate then Mask 

Insert 

rlinm[.] Rotate Left Immediate rlwinm[.] Rotate Left Word 
then AND With Mask Immediate then AND with 

Mask 

rlnm[.] Rotate Left then AND with rlwnm[.] Rotate Left Word then 
Mask AND with Mask 

sf[o][.] Subtract from subfc[o][.] Subtract from Carrying 

sfe[o][.] Subtract from Extended subfe[o][.] 

sfi Subtract from Immediate subfic Subtract from Immediate 
Carrying 

sfme[o][.] Subtract from Minus One subfme[o][.] 
Extended 

sfze[o][.] Subtract from Zero subfze[o][.] 
Extended 

51[.] Shift Left slw[.] Shift Left Word 

sr[.] Shift Right srw[.] Shift Right Word 

sra[.] Shift Right Algebraic sraw[.] Shift Right Algebraic Word 

srai[.] Shift Right Algebraic srawi[.] Shift Right Algebraic Word 
Immediate Immediate 

st Store stw Store Word 

stbrx Store Byte-Reverse stwbrx Store Word Byte-Reverse 
Indexed Indexed 

stm Store Multiple stmw Store Multiple Word 

stsi Store String Immediate stswi Store String Word 
Immediate 

stsx Store String Indexed stswx Store String Word 
Indexed 

stu Store with Update stwu Store Word with Update 

stux Store with Update stwux Store Word with Update 
Indexed Indexed 

stx Store Indexed stwx Store Word Indexed 

svca Supervisor Call sc System Call 

t Trap tw Trap Word 

ti Trap Immediate twi Trap Word Immediate * 

tlbi TLB Invalidate Entry Ii tlbie TLB Entry Invalidate 
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Table 8-4. POWER Instructions Implemented in Power PC Architecture (Continued) 

POWER PowerPC 

Mnemonic Instruction Mnemonic Instruction 

xoril XOR Immediate Lower xori XOR Immediate 

xoriu XOR Immediate Upper xoris XOR Immediate Shifted 

• Supervisor-level instruction 

III 
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Appendix C 
PowerPC Instructions Not Implemented 
in MPC601 
This appendix provides a list of 32-bit and 64-bit instructions that are not implemented by 
the MPC601, and that generate an illegal instruction exception. It also provides the 32-bit 
and 64-bit SPR encodings that are not implemented by the MPC601. 

See Table C-I for a list of the 32-bit instructions not implemented by the MPC601. 

Table C-1. 32-Bit Instructions Not Implemented by the MPC601 

Mnemonic Instruction 

fres Floating-Point Reciprocal Estimate Single-Precision 

frsqrte Floating-Point Reciprocal Square Root Estimate 

fsel Floating-Point Select 

fsqrt Floating-Point Square Root 

fsqrts Floating-Point Square Root Single-Precision 

mftb Move from Time Base 

stfiwx Store Floating-Point as Integer Word Indexed 

tibia Translation Lookaside Buffer Invalidate All 

tlbiex Translation Lookaside Buffer Invalidate Entry by Index 

tlbsync Translation Lookaside Buffer Synchronize 

Table C-2 provides a list of 32-bit SPR encodings that are not implemented by the 
MPC601. 
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Table C-2. 32-Bit SPR Encodings Not Implemented by the MPC601 

SPR 
Register 

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

Name 

284 01000 11100 TB Supervisor 

285 01000 11101 TBU Supervisor 

536 10000 11000 DBATOU Supervisor 

537 10000 11001 DBATOL Supervisor 

538 10000 11010 DBAT1U Supervisor 

539 10000 11011 DBAT1 L Supervisor 

540 10000 11100 DBAT2U Supervisor 

541 10000 11101 DBAT2L Supervisor 

542 10000 11110 DBAT3U Supervisor 

543 10000 11111 DBAT3L Supervisor 

Table C-3 provides a list of 64-bit instructions that are not implemented by the MPC601, 
and that generate an illegal instruction exception. 

Table C-3. 64-Bit Instructions Not Implemented by the MPC601 

Mnemonic Instruction 

cntlzd Count Leading Zeros Double Word 

divd Divide Double Word 

divdu Divide Double Word Unsigned 

extsw Extend Sign Word 

fefid Floating Convert From Integer Double Word 

fetid Floating Convert to Integer Double Word 

fetidz Floating Convert to Integer Double Word with Round to Zero 

Id Load Double Word 

Idarx Load Double Word and Reserve Indexed 

Idu Load Double Word with Update 

Idux Load Double Word with Update Indexed 

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 
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Table C-3. 64-Bit Instructions Not Implemented by the MPC601 (Continued) 

Mnemonic Instruction 

mulhd Multiply High Double Word 

mulhdu Multiply High Double Word Unsigned 

rldcl Rotate Left Double Word then Clear Left 

rldcr 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 

slbiex SLB Invalidate Entry by Index 

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 

Table C-4 provides the 64-bit SPR encoding that is not implemented by the MPC601. 

Table C-4. 64-Bit SPR Encoding Not Implemented by the MPC601 

SPR 
Register 

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

Name 

280 01000 11000 ASR Supervisor 
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• 

cntlzd Not Implemented in MPC601 
Count Leading Zeros Double Word 

cntlzd 
cntlzd. 

31 

o 

Nf-O 

5 6 

do while N<64 

rA,rS 

rA,rS 

s 
10 11 

if rS[N]=l then leave 
Nf-N+l 

rAf-N 

A 

(Rc=O) 

(Rc=l) 

15 16 20 21 

cntlzd 
Integer Unit 

Eilll Reserved 

58 

3031 

A count of the number of consecutive zero bits starting at bit 0 of register rS is placed into 
rA. This number ranges from 0 to 64, inclusive. 

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (Rc=l) 

divd Not Implemented in MPC601 
Divide Double Word 

divd rD,rA,rB 

divd. rD,rA,rB 

divdo rD,rA,rB 

divdo. rD,rA,rB 

o 
31 o 

5 6 

dividend[O-63 )f-r A 
divisor[O-63]f-rB 
rDf-dividend+divisor 

10 11 

(OE=O Rc=O) 

(OE=O Rc=l) 

(OE=1 Rc=O) 

(OE=1 Rc=l) 

A B 

15 16 20 21 22 
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The 64-bit dividend is rA. The 64-bit divisor is rB. The 64-bit quotient of the dividend and 
divisor is placed into rD. The remainder is not supplied as a result. 

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

dividend=(quotient*divisor)+r 

where 0 ~ r < Idivisorl if the dividend is nonnegative, and -Idivisorl < r~ 0 if the dividend is 
negative. 

If an attempt is made to perform any of the divisions 

OxXOO<L()()OO_OOOO_OOOO + -1 
<anything> + ° 

then the contents of rD are undefined. 

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• Exception Register: 

Affected: SO, OV (if OE=l) 

divdu Not Implemented in MPC601 
Divide Double Word 

divdu rD,rA,rB 

divdu. rD,rA,rB 

divduo rD,rA,rB 

divduo. rD,rA,rB 

31 o 
o 5 6 10 11 

dividend[O-63)~rA 

divisor[0-63]~rB 

rD~dividend+divisor 

(OE=O Rc=O) 

(OE=O Rc=l) 

(OE=l Rc=O) 

(OE=l Rc=l) 

A B 

15 16 20 21 22 

divdu 
Integer Unit 

457 

30 31 

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

dividend=(quotient*divisor)+r 

where 0 ~ r < divisor. 

If an attempt is made to perform the division 

<anything> + 0 

then the contents of rD are undefined. 

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• Exception Register: 

Affected: SO, OV (if OE=l) 

extsw Not Implemented in MPC601 
Extend Sign Word 

extsw 
extsw. 

o 

rA,rS 

rA,rS 

31 s 
5 6 

sf-rS[32J 
rA[32-63]f-rS[32-63J 
rA[O-31Jf-(32)s 

10 11 

A 

(Rc=O) 

(Rc=l) 

15 16 20 21 

extsw 

Gill Reserved 

986 

3031 

Register rS[32-63] are placed into rA[32-63]. Bit 32 of rS is placed into rA[O-31]. 

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 
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fefid Not Implemented in MPC601 
Floating Convert from Integer Double Word 

fetid 
fetid. 

o 
63 

5 6 

frD,frB 
frD,frB 

frO 

10 11 

(Rc=()) 

(Rc=1) 

15 16 

frB 

20 21 

fefid 
Floating-Point Unit 

EJ Reserved 

846 

30 31 

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

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

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

Other registers altered: 

• Condition Register (CRl Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• Exception Register: 

Affected: FPRF, FR, FI, FX, XX 

fet i d Not Implemented in MPC601 
Floating Convert to Integer Double Word 

fetid 
fetid. 

o 
63 

5 6 

frD,frB 
frD,frB 

frO 

10 11 

(Rc=O) 

(Rc=l) 

15 16 

frB 

20 21 

fetid 

[ill] Reserved 

814 

30 31 

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

If the operand in frB is greater than 2(63)-1, then frD is set to Ox7FFF _FFFF _FFFF _FFFF. 
If the operand in frB is less than -2(63), then frD is set to OxRO()()_()()OO_OOO()_OOOO. 
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Except for enabled invalid operation exceptions, FPSCR[FPRF] is undefined. FPSCR[FR] 
is set if the result is incremented when rounded. FPSCR[FI] is set if the result is inexact. 

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

Other registers altered: 

• Condition Register (CR 1 Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• Exception Register: 

Affected: FPRF (undefined), FR, FI, FX, XX, VXSNAN VXCVI 

fctidz Not Implemented in MPC601 
Floating Convert to Integer Double Word 

fctidz 

fctidz. 

a 
63 

5 6 

frO,frB 
frO,frB 

frD 

10 11 

(Rc=O) 

(Rc=l) 

15 16 

frB 

20 21 

fctidz 

EJ Reserved 

815 

30 31 

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

If the operand in frB is greater than 2(63)-1, then frO is set to Ox7FFF _FFFF _FFFF _FFFF. 
If the operand in frB is less than -2(63), then frO is set to OxRO()()_()()OO_OOOO_OOOO. 

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

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

Other registers altered: 

• Condition Register (CRI Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• Exception Register: 

Affected: FPRF (undefined), FR, FI, FX, XX, VXSNAN VXCVI 
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fresx Not Implemented in MPC601 fresx 
Floating-Point Reciprocal Estimate Single-Precision Floating-Point Unit 

fres 
fres. 

o 
59 

5 6 

frD,frB 
frD,frB 

frO 

(Rc=O) 

(Rc=l) 

1011 1516 

ED Reserved 

20 21 25 26 30 31 

This PowerPC instruction is not implemented by the MPC601. Execution of this instruction 
will invoke the illegal instruction handler. A description of the operation of this instruction 
is provided for emulation purposes. 

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

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

Operand Result Exception 

-0 None 

-() -00* ZX 

-to -too * ZX 

-too -to None 

SNaN QNaN** VXSNAN 

QNaN QNaN None 

* No result if FPSCR[ZE)=1. 

** No result if FPSCR[VE)=1. 

FPSCR[FPRF] is set to the class and sign of the result, except for invalid operation 
exceptions when FPSCR[VE]=l and zero divide exceptions when FPSCR[ZE]=l. 

Other registers altered: 

• Condition Register (CR 1 Field): 

Affected: FX, FEX, VX, OX (if Rc=l) 

• Aoating-point Status and Control Register: 

Affected: FX, OX, UX, ZX, VXSNAN, FPRF, FR (undefined), FI (undefined) 
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• 

frsqrte Not Implemented in MPC601 
Floating-Point Reciprocal Square Root Estimate 

frsqrte 
frsqrte. 

63 

o 5 6 

frD,frB 
frD,frB 

frO 

10 11 

(Rc=O) 

(Rc=1) 

15 16 

frB 

20 21 

frsqrte 
Floating-Point Unit 

[ill] Reserved 

26 

2526 30 31 

This PowerPC instruction is not implemented by the MPC601. Execution of this instruction 
will invoke the illegal instruction handler. A description of the operation of this instruction 
is provided for emulation purposes. 

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

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

Operand Result Exception 

QNaN** VXSQRT 

<0 QNaN** VXSQRT 

-0 -00* ZX 

+0 +00* ZX 

+00 +0 None 

SNaN QNaN** VXSNAN 

QNaN QNaN None 

* No result if FPSCR[ZE)=1. 

** No result if FPSCR[VE)=1. 

FPSCR[FPRF] is set to the class and sin of the result, except for invalid operation 
exceptions when FPSCR[VE]=l and zero divide exceptions when FPSCR[ZE]=l. 

Other registers altered: 

• Condition Register (CR 1 Field): 

Affected: FX, FEX, VX, OX (if Rc=l) 

Floating-point Status and Control Register: 

Affected: FX, OX, UX, ZX, VXSNAN, FPRF, FR (undefined), FI (undefined) 

C-10 PowerPC 601 RISC Microprocessor User's Manual MOTOROLA 



fselx Not Implemented in MPC601 
Floating-Point Select 

fsel 

fsel. 

fr D,fr A,frC,fr B 

fr D,fr A,frC,fr B 
(Rc=O) 

(Rc=l) 

fselx 
Floating-Point Unit 

63 frO frA frB frC 23 I Rc I 
a 5 6 10 11 15 16 20 21 25 26 30 31 

if Cfr A) ~ 0.0 then frDf-CfrC) 

else frDf-CfrB) 

This PowerPC instruction is not implemented by the MPC60 I. Execution of this instruction 
will invoke the illegal instruction handler. A description of the operation of this instruction 
is provided for emulation purposes. 

The floating-point operand in register frA is compared to the value zero. If the operand is 
greater than or equal to zero, register frD is set to the contents of register frC. If the operand 
is less than zero or is a NaN, register frD is set to the contents of register frB. The 
comparison ignores the sign of zero (i.e., regards +0 as equal to -0). 

Other registers altered: 

• Condition Register (CR 1 Field): 

Affected: FX, FEX, VX, OX (if Rc=l) 

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

fsq rtx Not Implemented in MPC601 
Floating-Point Square Root [Single-Precision] 

fsqrt 

fsqrt. 

a 
63 

5 6 

frD,frB 

frD,frB 

frO 

10 11 

(Rc=O) 

(Rc=1) 

15 16 

frB 

20 21 

fsqrtx 
Floating-Point Unit 

[ill] Reserved 

22 

2526 30 31 
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fsqrts 
fsqrts. 

o 
59 

5 6 

frD,frB 
frD,frB 

frO 

(Rc=O) 

(Rc=1) 

1011 1516 

[ill Reserved 

20 21 25 26 3031 

This PowerPC instruction is not implemented by the MPC601. Execution of this instruction 
will invoke the illegal instruction handler. A description of the operation of this instruction 
is provided for emulation purposes. 

The square root of the floating-point operand in register frB is placed into register frO. 

lf the most significant bit of the resultant significand is not a one the result is normalized. 
The result is rounded to the target precision under control of the floating-point rounding 
control field RN of the FPSCR and placed into register frO. 

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

Operand Result Exception 

QNaN* VXSQRT 

<0 QNaN* VXSQRT 

-0 -0 None 

-too -too None 

SNaN QNaN* VXSNAN 

QNaN QNaN None 

* No result if FPSCR[VE1=1. 

FPSCR[FPRF] is set to the class and sign of the result, except for invalid operation 
exceptions when FPSCR[VE]= 1. 

Other registers altered: 

Condition Register (CR1 Field): 

Affected: FX, FEX, VX, OX (if Rc=1) 

Floating-point Status and Control Register: 

Affected: FX, XX, VXSQRT, VXSNAN, FPRF, FR, FI 
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Id Not Implemented in MPC601 
Load Double Word 

lei 

o 

rD,ds(rA) 

58 o 
5 6 

if rA=O then b~O 
cIsc h~rA 

EA~b+EXTS(dsIiObOO) 

rD~MEM(EA. X) 

10 11 

A 

15 16 

Id 
Integer Unit 

ds 

2930 31 

EA is the sum (rAIO)+(dsIiObOO). The double word in storage addressed by EA is loaded 
into rD. 

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

Other registers altered: 

None 

Idarx Not Implemented in MPC601 
Load Double Word and Reserve Indexed 

Idarx 

o 

rD,rA,rB 

31 o 
5 6 10 11 

if r A=O then h~O 
else b~rA 

EA~b+rB 

RESERVE~l 

RESERVE_ADDR ~func(EA) 
rD~MEM(EA. X) 

A 

15 16 

B 

20 21 

Idarx 
Integer Unit 

EEl Reserved 

84 

30 31 

EA is the sum (rAIO)+(rB). The double word in storage addressed by EA is loaded into rD. 

This instruction creates a reservation for use by a store double word conditional instruction. 
An address computed from the EA is associated with the reservation, and replaces any 
address previously associated with the reservation. 
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EA must be a mUltiple of 8. If it is not, the system alignment error handler may be invoked 
or the results may be boundedly undefined. 

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

Other registers altered: 

None 

Idu Not Implemented in MPC601 
Load Double Word with Update 

Idu rD,ds(rA) 

58 D A 

o 5 6 10 11 

EA~rA+EXTS(dsIiObOO) 

rD~MEM(EA, 8) 
rA~EA 

15 16 

Idu 
Integer Unit 

ds 

2930 31 

EA is the sum (rA)+(dsliObOO). The double word in storage addressed by EA is loaded into 
rD. 

EA is placed into r A. 

If rA=O or rA=rD, the instruction form is invalid. 

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

Other registers altered: 

None 
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Idux Not Implemented in MPC601 
Load Double Word with Update Indexed 

Idux 

o 

rD,rA,rB 

31 D A 

5 6 10 11 

EA~rA+rB 

rD~MEM(EA, R) 
rA~EA 

B 

15 16 20 21 

Idux 
Integer Unit 

!ill] Reserved 

53 

30 31 

EA is the sum (r A)+(rB). The double word in storage addressed by EA is loaded into rD. 

EA is placed into r A. 

If rA=O or rA=rD, the instruction form is invalid. 

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

Idx Not Implemented in MPC601 
Load Double Word Indexed 

Idx 

o 

rD,rA,rB 

31 D A 

5 6 10 11 

if rA = 0 then b~O 

else b~rA 

EA~b+rB 

rD~MEM(EA, 8) 

B 

15 16 20 21 

Idx 

[ill] Reserved 

21 

30 31 

EA is the sum (rAIO)+(rB). The double word in storage addressed by EA is loaded into rD. 

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

Other registers altered: 

None 
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Iwa Not Implemented in MPC601 
Load Word Algebraic 

Iwa rD,ds(rA) 

58 D A 

o 5 6 10 11 

if rA=O then bf-O 
else bf-rA 
EAf-h+EXTS(dsllObOO) 
rDf-EXTS(MEM(EA,4» 

15 16 

Iwa 
Integer Unit 

ds 

2930 31 

EA is the sum (rAIO)+(dsliObOO). The word in storage addressed by EA is loaded into 
rD[32-63]. Register rD[O-31] are filled with a copy of bit 0 of the loaded word. 

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

Other registers altered: 

None 

Iwaux Not Implemented in MPC601 
Load Word Algebraic with Update Indexed 

Iwaux 

o 

rD,rA,rB 

31 D A 

5 6 10 11 

EAf-rA+rB 
rDf-EXTS(MEM(EA,4» 
rAf-EA 

B 373 

15 16 20 21 

Iwaux 

[ill] Reserved 

3031 

EA is the sum (rA)+(rB). The word in storage addressed by EA is loaded into rD[32-63]. 
Register rD[O-31] are filled with a copy of bit 0 of the loaded word. 

EA is placed into r A. 

If rA=O or rA=rD, the instruction form is invalid. 
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This instruction is defined only for 64-bit implementations. Using it on a 32-bit 
implementation will cause the system illegal instruction error handler to be invoked. 

Other registers altered: 

None 

Iwax Not Implemented in MPC601 
Load Word Algebraic Indexed 

Iwax 

o 

rD,rA,rB 

31 D A 

5 6 10 11 

if r A=O then b~O 
else b~rA 

EA~b+ rB 
rD~EXTS(MEM(EA, 4)) 

B 

15 16 20 21 

Iwax 

Eill Reserved 

341 

30 31 

EA is the sum (rAIO)+(rB). The word in storage addressed by EA is loaded into rD[32-63]. 
Register rD[O-31] are filled with a copy of bit 0 of the loaded word. 

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

Other registers altered: 

None 

mftb Not Implemented in MPC601 
Move from Time Base 

mftb 

o 

rD,TBR 

31 D TBR 

5 6 10 11 

N~TBR[5-9]1I TBR[0-4] 
if N=268 then 

if (64-bit implementation) then 
rD~TB 

else 

20 21 

371 
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Integer Unit 

mill Reserved 
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II 

rD f- TB[32-63] 
else if N=269 then 

if (64-bit implementation) then 
rDf-(32)O II TB[O-31] 

else 
rDf-TB[O-31] 

The TBR field denotes either the time base or time base upper, encoded as shown in 
Table C-5. The contents of the designated register are copied to rD. When reading Time 
Base Upper on a 64-bit implementation, the high-order 32 bits of rD are set to zero. 

Table C-5. TBR Encodings for mftb 

Decimal 
TBR· Register 

Access 
TBR[S-9] TBR[O-4] Name 

268 01000 01100 TB User 

269 01000 01101 TBU User 

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

If the TBR field contains any value other than one of the values shown in Table C-5, the 
instruction form is invalid. 

Other registers altered: 

None 

mulhd Not Implemented in MPC601 
Multiply High Double Word 

mulhd 

mulhd. 

31 

o 5 6 

rD,rA,rB 

rD,rA,rB 

D 

10 11 

prod[O-127]f-rA*rB 
rDf-prod[O-63] 

A 

(Rc=O) 

(Rc=1) 

15 16 

B 

20 21 22 

mulhd 
Integer Unit 

73 

30 31 

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

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

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

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

mulhdu Not Implemented in MPC601 mulhdu 
Multiply High Double Word Unsigned 

mulhdu 

mulhdu. 

31 

o 5 6 

rD,rA,rB 

rD,rA,rB 

o 
10 11 

prod[O-127)f-rA*rB 
rDf-prod[O-63) 

A 

(Rc=O) 

(Rc=l) 

15 16 

B 

20 21 22 

Integer Unit 

9 

30 31 

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

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

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

mulld Not Implemented in MPC601 mulld 
Multiply Low Double Word Integer Unit 

mulld rD,rA,rB (OE=O Rc=O) 

mulld. rD,rA,rB (OE=O Rc=l) 

mulldo rD,rA,rB (OE=l Rc=O) 

mull do. rD,rA,rB (OE=l Rc=l) 

31 o A B 233 

o 5 6 10 11 15 16 20 21 22 30 31 
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prod[O-127)f-rA*rB 

rDf-prod[64-127) 

The 64-bit operands are r A and rB. The low-order 64 bits of the I28-bit product of the 
operands are placed into rD. 

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

Both the operands and the product are interpreted as signed integers. However, the result in 
rD is independent of whether the operands are interpreted as signed or unsigned integers. 

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• Exception Register: 

Affected: SO OV (if OE=I) 

rldcl Not Implemented in MPC601 
Rotate Left Double Word then Clear Left 

rldcl 

rldcl. 

o 

rA,rS,rB,MB 

rA,rS,rB,MB 

30 s 
5 6 

Nf-rB[58-63] 
rf-ROTL(64)(rS, N) 

bf-MB(5)II MB[O-4) 

mf-MASK(b, 63) 
rAf-r&m 

10 11 

(Rc=O) 

(Rc=l) 

A 

15 16 

B 

20 21 

rldcl 
Integer Unit 

MB 8 IRcl 
2627 30 31 

The contents of rS are rotated[64] left the number of bits specified by rB[58-63]. A mask 
is generated having I-bits from bit MB through bit 63 and O-bits elsewhere. The rotated 
data is ANDed with the generated mask and the result is placed into rA. 

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

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

rider Not Implemented in MPC601 
Rotate Left Double Word then Clear Right 

rIder 

rIder. 

o 

rA,rS,rB,ME 

rA,rS,rB,ME 

30 S 

5 6 

Nf-rB[58--63) 

rf-ROTL(64)(rS, N) 

ef-ME(5)II ME[O-4) 

mf-MASK(O, e) 

rAf-r&m 

10 11 

(Rc=O) 

(Rc=l) 

A 

15 16 

B 

20 21 

rider 
Integer Unit 

ME 9 IRel 
2627 30 31 

The contents of rS are rotated[64] left the number of bits specified by rB[58-63]. A mask 
is generated having I-bits from bit 0 through bit ME and O-bits elsewhere. The rotated data 
is ANDed with the generated mask and the result is placed into rA. 

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

rldie Not Implemented in MPC601 
Rotate Left Double Word Immediate then Clear 

rldie 

rldie. 

o 

r A,rS,SH,MB 

r A,rS,SH,MB 

30 S 

5 6 

Nf-SH(5)II SH[0-4) 

rf-ROTL(64)(rS, N) 
bf-MB(5)II MB[0-4) 

10 11 

(Rc=O) 

(Rc=l) 

A 

15 16 

SH 
20 21 

MB 

2627 
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rldie 
Integer Unit 

2 ISHIRel 
2930 31 
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m~MASK(b, -N) 

rA~r&m 

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

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

rldicl Not Implemented in MPC601 
Rotate Left Double Word Immediate then Clear Left 

rldicl 
rldicl. 

o 

rA,rS,SH,MB 

rA,rS,SH,MB 

30 S 

5 6 

N~SH(5)1I SH[0-4) 

r~ROTL(64)(rS, N) 

b~MB(5)1I MB[0-4) 

m~MASK(b, 63) 

rA~r&m 

10 11 

(Rc=O) 

(Rc=l) 

A SH 
15 16 20 21 

rldicl 
Integer Unit 

MB 0 \SHIRcl 
2627 2930 31 

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

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 
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rid icr Not Implemented in MPC601 
Rotate Left Double Word Immediate then Clear Right 

rldicr 
rldicr. 

r A,rS,SH,ME 

rA,rS,SH,ME 

o 
30 S 

5 6 

N~SH(5)1I SH[0-4) 

r~ROTL(64)(rS, N) 

e~ME(5)1I ME[O-4) 
mf-MASK(O, e) 

rA~r&m 

10 11 

A 

(Rc=O) 

(Rc=I) 

15 16 

SH 
20 21 

rldicr 
Integer Unit 

ME 

2627 2930 31 

The contents of rS are rotated[64] left SH bits. A mask is generated having I-bits from bit 
ME and O-bits elsewhere. The rotated data is ANDed with the generated mask and the result 
is placed into r A. 

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=I) 

rldimi Not Implemented in MPC601 
Rotate Left Double Word Immediate then Clear Left 

rldimi 
rldimi. 

rA,rS,SH,MB 

rA,rS,SH,MB 

o 
30 S 

5 6 10 11 

N~SH(5)1I SH[0-4) 

rf-ROTL(64)(rS, N) 

bf-MB(5)II MB[0-4) 

mf-MASK(b, -N) 

rA~(r & m) I (rA & -m) 

(Rc=O) 

(Rc=l) 

A SH 
15 16 20 21 

MB 

2627 
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rldimi 
Integer Unit 

3 \SHIRel 
2930 31 
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The contents of rS are rotated [64 ] left SH bits. A mask is generated having I-bits from bit 
MB through bit 63-SH and O-bits elsewhere. The rotated data is inserted into rA under 
control of the generated mask. 

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=I) 

slbia Not Implemented in MPC601 slbia 
SLB Invalidate All 

Eilll Reserved 

31 498 ,
·::··:.·:.··.·:.·.:<.1 .:::2: .. 

o 5 6 10 11 15 16 20 21 3031 

All SLB entriesf-invalid 

This PowerPC instruction is not implemented by the MPC60 1. Execution of this instruction 
will invoke the illegal instruction handler. A description of the operation of this instruction 
is provided for emulation purposes. 

The SLB is invalidated regardless of the settings of MSR[lR] and MSR[DR]. 

This instruction is supervisor-level. 

This instruction is optional in PowerPC architecture. 

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

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

Other registers altered: 

None 
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slbie Not Implemented in MPC601 slbie 
SLB Invalidate Entry 

slbie rB 

[ill] Reserved 

31 B 434 

o 5 6 10 11 15 16 20 21 30 31 

EA~(rB) 

if SLB entry exists for EA, then 
SLB entry~invalid 

This PowerPC instruction is not implemented by the MPC601. Execution of this instruction 
will invoke the illegal instruction handler. A description of the operation of this instruction 
is provided for emulation purposes. 

EA is the contents of rB. If the segment lookaside buffer (SLB) contains an entry 
corresponding to EA, that entry is made invalid (i.e., removed from the SLB). 

The SLB search is done regardless of the settings of MSR[IR] and MSR[DR]. 

Block address translation for EA, if any, is ignored. 

This instruction is supervisor-level. 

This instruction is optional in PowerPC architecture. 

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

Other registers altered: 

None 

It is not necessary that the ASR point to a valid segment table when issuing slbie. 
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slbiex Not Implemented in MPC601 slbiex 
SLB Invalidate Entry by Index 

slbiex rB 

[]] Reserved 

31 B 466 

o 5 6 10 11 15 16 20 21 30 31 

N~(rB) 

SLB entry N~invalid 

This PowerPC instruction is not implemented by the MPC601. Execution of this instruction 
will invoke the illegal instruction handler. A description of the operation of this instruction 
is provided for emulation purposes. 

The SLB entry is invalidated regardless of the settings of MSR[IR] and MSR[DR]. 

This instruction is supervisor-level. 

This instruction is optional in PowerPC architecture. 

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

Other registers altered: 

None 

sid Not Implemented in MPC601 
Shift Left Double Word 

sid 

sid. 

o 

rA,rS,rB 
rA,rS,rB 

31 s 
5 6 

N~rB[58-63 ) 
r~ROTL[ 64 )(rS, N) 
if rB(57)=O then 
m~MASK(O, 63-N) 

else m~(64)O 
rA~r&m 

10 11 

A 

(Rc=O) 
(Rc=l) 

15 16 

B 

20 21 
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The contents of rS are shifted left the number of bits specified by rB[57-63]. Bits shifted 
out of position 0 are lost. Zeros are supplied to the vacated positions on the right. The result 
is placed into rA. Shift amounts from 64 to 127 give a zero result. 

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

srad Not Implemented in MPC601 
Shift Right Algebraic Double Word 

srad 
srad. 

o 

rA,rS,rB 

rA,rS,rB 

31 s 
5 6 

N~rB[58-631 

r~ROTL(64)(rS, 64-N) 
if rB(57)=O then 
m~MASK(N, 63) 

else m~(64)O 

s~rS[OI 

10 11 

rA~(r & m) I «(64)s) & -m) 

CA~s & «r&-m)*O) 

A 

(Rc=O) 

(Rc=l) 

8 794 

15 16 20 21 

srad 
Integer Unit 

30 31 

The contents of rS are shifted right the number of bits specified by rB[57-63]. Bits shifted 
out of position 63 are lost. Bit 0 of rS is replicated to fill the vacated positions on the left. 
The result is placed into rA. CA is set to 1 if rS is negative and any I-bits are shifted out 
of position 63; otherwise CA is set to O. A shift amount of zero causes rAta be set equal to 
rS, and CA to be set to O. Shift amounts from 64 to 127 give a result of 64 sign bits in r A, 
and cause CA to receive the sign bit of rS. 

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

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

• Exception Register: 

Affected: CA 

sradi Not Implemented in MPC601 
Shift Right Algebraic Double Word Immediate 

sradi 
sradi. 

o 
31 

rA,rS,SH 

rA,rS,SH 

S A 

5 6 10 11 

Nf-SH(5) II SH[0-4) 
rf-ROTL(64)(rS, 64-N) 

mf-MASK(N, 63) 
sf-rS[O) 
rAf-(r & m) I «(64)s) & -m) 
CAf-s & «r&-m):;tO) 

(Rc=O) 

(Rc=I) 

SH 413 

15 16 20 21 

sradi 
Integer Unit 

30 31 

The contents of rS are shifted right SH bits. Bits shifted out of position 63 are lost. Bit 0 of 
rS is replicated to fill the vacated positions on the left. The result is placed into rA. CA is 
set to I if rS is negative and any I-bits are shifted out of position 63; otherwise CA is set 
to O. A shift amount of zero causes rA to be set equal to rS, and CA to be set to O. 

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=I) 

• Exception Register: 

Affected: CA 
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srd Not Implemented in MPC601 
Shift Right Double Word 

srd 

srd. 

o 

rA,rS,rB 

rA,rS,rB 

31 s 
5 6 

Nf-rB[58-63) 

rf-ROTL(64)(rS, 64-N) 
if rB(57)=O then 

111f-MASK(N,63) 

else 111f-(64)O 

rAf-r & 111 

10 11 

A 

(Rc=O) 

(Rc=l) 

B 539 

15 16 20 21 

srd 
Integer Unit 

30 31 

The contents of rS are shifted right the number of bits specified by rB[57-63]. Bits shifted 
out of position 63 are lost. Zeros are supplied to the vacated positions on the left. The result 
is placed into rA. Shift amounts from 64 to 127 give a zero result. 

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO (if Rc=l) 

std Not Implemented in MPC601 
Store Double Word 

std rS,ds(rA) 

62 S 

o 5 6 10 11 

if r A=O then bf-O 

else bf-rA 

EAf-b + EXTS(dsIlObOO) 

(MEM(EA, 8»f-rS 

A 

15 16 

std 
Integer Unit 

ds o I 
2930 31 

EA is the sum (rAIO)+(dsIiObOO). Register rS is stored into the double word in storage 
addressed by EA. 
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This instruction is defined only for 64-bit implementations. Using it on a 32-bit 
implementation will cause the system illegal instruction error handler to be invoked. 

Other registers altered: 

None 

stdcx. Not Implemented in MPC601 
Store Double Word Indexed 

stdcx. 

o 

rS,rA,rB 

31 s 
5 6 

if rA=O then bf-O 

else bf-rA 

EAf-b+rB 
if RESERVE then 

(MEM(EA, 8))f-rS 

RESERVEf-O 

10 11 

CROf-ObOO II Obi II XER[SO) 
else 

CROf-ObOO II ObO II XER[SO) 

EA is the sum (rAIO)+(rB). 

A 8 

15 16 20 21 

stdcx. 
Integer Unit 

214 

3031 

If a reservation exists, rS is stored into the double word in storage addressed by EA and the 
reservation is cleared. 

If a reservation does not exist, the instruction completes without altering storage. 

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

CRO[LT GT EQ SO] + ObOO " store_performed" XER[SO] 

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

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

Other registers altered: 

• Condition Register (CRO Field): 

Affected: LT, GT, EQ, SO 
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stdu Not Implemented in MPC601 
Store Double Word with Update 

stdu rS,ds(rA) 

62 S 

o 5 6 10 11 

EA~r A+EXTS( d<;IIObOO) 
(MEM(EA, 8))~rS 
rA~EA 

A 

15 16 

stdu 
Integer Unit 

ds 

2930 31 

EA is the sum (rA)+(dsIiObOO). Register rS is stored into the double word in storage 
addressed by EA. 

EA is placed into r A. 

If r A=O, the instruction form is invalid. 

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

Other registers altered: 

None 

stdux Not Implemented in MPC601 
Store Double Word with Update Indexed 

stdux 

o 

rS,rA,rB 

31 S A 

5 6 10 11 

EA~rA+rB 

MEM(EA, 8)~rS 
rA~EA 

15 16 

8 

20 21 

stdux 
Integer Unit 

[]J Reserved 

181 
1

·:.··'.·'.<.·'.·'.··,1 39.:. 
30 31 

EA is the sum (r A)+(rB). Register rS is stored into the double word in storage addressed 
by EA. 

EA is placed into r A. 

If r A=O, the instruction form is invalid. 
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This instruction is defined only for 64-bit implementations. Using it on a 32-bit 
implementation will cause the system illegal instruction error handler to be invoked. 

Other registers altered: 

None 

stdx Not Implemented in MPC601 
Store Double Word Indexed 

stdx 

o 

rS,rA,rB 

31 S 

5 6 

if rA=O then bf-O 
else bf-rA 
EAf-b+rB 
(MEM(EA, 8»f-rS 

10 11 

A 8 

15 16 20 21 

stdx 
Integer Unit 

[ill] Reserved 

149 1":9:1 
30 31 

EA is the sum (rAIO)+(rB). Register rS is stored into the double word in storage addressed 
by EA. 

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

Other registers altered: 

None 

stfiwx Not Implemented in MPC601 stfiwx 
Store Floating-Point as Integer Word Floating-Point Unit 

stfiwx frS,rA,rB 

rum Reserved 

31 frS A 8 983 

o 5 6 10 11 15 16 20 21 30 31 
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if rA = 0 then b~O 
else b~rA 

EA~h+rB 

MEM(EA. 4)~frS[32-63] 

EA is the sum (rAIO)+(rB). 

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

Other registers altered: 

None 

td Not Implemented in MPC601 
Trap Double Word 

td 

o 
31 

a~rA 

b~rB 

TO,rA,rB 

TO A 

56 1011 

if (a < b) & TO[O] then TRAP 
if (a > b) & TO[ I] then TRAP 
if (a = b) & TO[2] then TRAP 
if (a u< b) & TO[3] then TRAP 
if (a u> b) & TO[4] then TRAP 

B 68 

15 16 20 21 

td 
Integer Unit 

[TI] Reserved 

30 31 

The contents of rA is compared with the contents of rB. If any bit in the TO field is set to 
1 and its corresponding condition is met by the result of the comparison, then the system 
trap handler is invoked. 

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

Other registers altered: 

None 
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td i Not Implemented in MPC601 
Trap Double Word Immediate 

tdi TO,r A,SIMM 

o 
02 TO A 

5 6 10 11 

af-rA 
if (a < EXTS(SIMM)) & TO[O) then TRAP 
if (a> EXTS(SIMM)) & TO[ 1) then TRAP 
if (a = EXTS(SIMM)) & TO[2) then TRAP 
if (a u< EXTS(SIMM)) & TO[3) then TRAP 
if (a u> EXTS(SIMM)) & TO[4J then TRAP 

15 16 

tdi 
Integer Unit 

SIMM 

31 

The contents of rA are compared with the sign-extended SIMM field. If any bit in the TO 
field is set to 1 and its corresponding condition is met by the result of the comparison, then 
the system trap handler is invoked. 

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

Other registers altered: 

None 

tibia Not Implemented in MPC601 tibia 
Translation Lookaside Buffer Invalidate All Integer Unit 

mill Reserved 

31 NA 

o 5 6 10 11 15 16 20 21 30 31 

All TLB entries ~ invalid 

This PowerPC instruction is not implemented by the MPC601. Execution of this instruction 
will invoke the illegal instruction handler. A description of the operation of this instruction 
is provided for emulation purposes. 

The entire TLB is invalidated (i.e., all entries are removed). 

The TLB is invalidated regardless of the settings of MSR[IT] and MSR[DT]. 

This is a supervisor-level instruction. 
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This instruction is optional in PowerPC architecture. 

Other registers altered: 

None 

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

tlbiex Not Implemented in MPC601 tlbiex 
Translation Lookaside Buffer Invalidate Entry by Index Integer Unit 

t1biex rB 

[ill Reserved 

31 B NA 

a 5 6 10 11 15 16 20 21 30 31 

N~(rB) 

TLB entry N~invalid 

This PowerPC instruction is not implemented by the MPC601. Execution of this instruction 
will invoke the illegal instruction handler. A description of the operation of this instruction 
is provided for emulation purposes. 

Let N be the contents of rB. The Nth TLB entry is made invalid (i.e., removed from the 
TLB). The TLB entry is invalidated regardless of the settings of MSR[IT] and MSR[DT]. 
If the Nth SLB does not exist, the results are implementation defined. 

This instruction is supervisor-level. 

This instruction is optional in PowerPC architecture. 

Other registers altered: 

None 

How software knows which TLB entry number is associated with which page table entry, 
or even how many TLB entries there are, is not specified in the architecture. This may differ 
among PowerPC processors. 

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

MOTOROLA Appendix C. Power PC Instructions Not Implemented in MPCG01 C-35 



• 

tlbsync Not Implemented in MPC601 tlbsync 
TLB Synchronize 

[ill] Reserved 

31 I.
·:.·: •. ::::·.:.::.::::::·::::::::::.· .• 0:.·:.:.·:.:.·:::.:"0·:.·:.::.·:.·.:.::;0·.·:.:.::.:.·:,::.::0·.::.:·.:::·'.:.·.0'.·:.:.::.:. ·.:.,:.::::.::::::::::.,:::.:::::··:.:.: •. :1: •. ::::.:::: ... ::.::::::: :,:: .. :.· •. ·,:.·0:.: ..... ·.·.: .. : ... 0· ..... : .... ·::.:.0 ... · .... ··::.: .•. ·9: .... : .... ·:::.:0'.: .. ::.,· >: «1««: 0:::"::0::'::::0:::"::0:':::::0:: :}»:I _ _ (: ::(:/y/(:: .. }).}::: .tt:: 566 

o 5 6 10 11 15 16 20 21 3031 

The tlbsync instruction waits until all previous tlbie, tlbiex, and tibia instructions executed 
by the processor executing this instruction have been received and completed by all other 
processors. 

This instruction is supervisor-level. 

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

• A TLB invalidation instruction that broadcasts is implemented. 

• The eciwx or ecowx instructions are implemented. 

Other registers altered: 

None 

C-36 PowerPC 601 RISC Microprocessor User's Manual MOTOROLA 



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

• Defined 

• Illegal 

• Reserved 

Note that while the definitions of these terms are consistent among the PowerPC 
processors, the assignment of these classifications is not. For example, an instruction that 
is specific to 64-bit implementations is considered defined for 64-bit implementations, but 
illegal for 32-bit implementations such as the MPC601. 

0.1 Classes of Instructions 
The MPC601 is a 32-bit implementation of the PowerPC architecture with differences and 
redefinitions noted throughout this document. Differences stem largely from the different 
address bus sizes and compliance with POWER architecture. 

All MPC601 instructions belong to one of the following three classes: 

Defined 

• Illegal 

• Reserved 

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

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

0.1.1 Defined Instruction Class 
Defined instructions are guaranteed to be supported in all PowerPC implementations, 
except as stated in the instruction descriptions in Chapter 10, "Instruction Set." The 
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MPC601 provides hardware support for most of the instructions defined for 32-bit 
implementations; it does not provide direct hardware support for the instructions listed in 
Appendix C, "PowerPC Instructions Not Implemented in MPC601." 

The MPC601 invokes the system illegal instruction error handler (part of the program 
exception) when the unimplemented PowerPC instructions are encountered so they may be 
emulated in software, as required. 

A defined instruction can have invalid forms, as described in Section D.I.I.I, "Invalid 
Instruction Forms." 

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

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

• Branch conditional instructions 

• Load/store with update instructions 

• Load multiple instructions 

• Load string instructions 
• Move to/from special purpose register (mtspr, mfspr) 

• Load/store floating-point with update instructions 

In some cases, an invalid form of a PowerPC instruction is not an invalid form for the 
corresponding POWER instruction. As a result, to maintain compatibility with POWER 
applications, the MPC601 often handles PowerPC invalid forms as described in the 
POWER architecture. In other cases, the MPC601 handles the invalid form in the manner 
that is most convenient for that particular case. Each of the PowerPC invalid forms are 
addressed in this document, and a description of how MPC601 handles each case is 
provided. 

0.1.2 Illegal Instruction Class 
Illegal instructions can be grouped into the following categories: 

0-2 

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

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

The following opcodes are defined for 64-bit implementations only and are illegal 
on the MPC601: 

2,30,5R,62 

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

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

An attempt to execute an illegal instruction invokes the illegal instruction error handler (a 
program exception) but has no other effect. See Section 5.4.7, "Program Exception 
(x '0070{)')," for additional information about illegal and invalid instruction exceptions. 

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

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

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

An attempt to execute a reserved instruction invokes the illegal instruction error handler (a 
program exception); however, the MPC601 executes many POWER architecture 
instructions that otherwise are not part of the PowerPC architecture. See Section 5.4.7, 
"Program Exception (x'00700')," for additional information about illegal and invalid 
instruction exceptions. 

The instructions in this class are allocated to specific purposes that are outside the scope of 
the PowerPC user instruction set architecture, PowerPC virtual environment architecture, 
and PowerPC operating environment architecture. 
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The following types of instructions are included in this class: 

0-4 

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

2. Implementation-specific instructions used to conform to the PowerPC 
archi tecture specificati ons 

3. The instruction with primary opcode 0, when the instruction does not consist 
entirely of binary zeros 

4. Any other implementation-specific instructions that are not defined in the PowerPC 
user instruction set architecture, PowerPC virtual environment architecture, or the 
PowerPC operating environment architecture 
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Appendix E 
Multiple-Precision Shifts 
This appendix gives examples of how multiple precision shifts can be programmed. A 
multiple-precision shift is initially defined to be a shift of an n-word quantity, where n> 1. 
The quantity to be shifted is contained in n registers. The shift amount is specified either by 
an immediate value in the instruction or by bits 27-31 of a register. 

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

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

E.1 Multiple-Precision Shift Examples 
The examples shown here are for 32-bit mode, but they work both in 32-bit mode of a 64-
bit implementation and in a 32-bit implementation. They perform the shift in units of 
words. If the ability to run in 32-bit implementations is not required, in a 64-bit 
implementation better performance can be obtained in 32-bit mode than that of the 
examples shown above, by using all 64 bits of GPRs 2 and 3 (and 4) to contain the quantity 
to be shifted, and placing the result into all 64 bits of the same registers. 

Let n be the number of words to be shifted. 

MOTOROLA Appendix E. Multiple·Precision Shifts E-1 



III 

Shift Left Immediate, n = 3 (Shift Amount < 32) 
rlwinm r2,r2,SH,O,31-SH 
rlwimi r2,r3,SH,32-SH,31 
rlwinm r3,r3,SH,O,31-SH 
rlwimi r3,r4,SH,32-SH,31 
rlwinm r4,r4,SH,O,31-SH 

Shift Left, n = 2 (Shift Amount < 64) 
subfic 
slw 
srw 
or 
addic 
slw 
or 
slw 

r31,r6,32 
r2, r2, r6 
rO,r3,r31 
r2,r2,rO 
r31,r6,r6 
rO,r3,r31 
r2, r2, rO 
r3,r3,r6 

Shift Left, n = 3 (Shift Amount < 32) 
subfic r31,r6,32 
slw r2,r2,r6 
srw rO,r3,r31 
or r2,r2,rO 
slw r3 , r3, 6 
srw rO,r4,r31 
or r3,r3,rO 
slw r4,r4,r6 

Shift Right Immediate, n = 3 (Shift Amount < 32) 
rlwinm r4,r4,32-SH,SH,31 
rlwimi r4,r3,32-SH,O,SH-l 
rlwinm r3,r3,32-SH,SH,31 
rlwimi r3,r2,32-SH,O,SH-l 
rlwinm r2,r2,32-SH,SH,31 

Shift Right, n = 2 (Shift Amount < 64) 
subfic r31,r6,32 
srw r3,r3,r6 
slw rO,r2,r31 
or r3,r3,rO 
addic r31,r6,-32 
srw rO,r2,r31 
or r3,r3,rO 
srw r2,r2,r6 

Shift Right, n = 3 (Shift Amount < 32) 
subfic r31,r6,32 
srw r4,r4,r6 
slw rO,r2,r31 
or r4,r4,rO 
srw r31,r3,r6 
slw rO,r2,r31 
or r3,r3,rO 
srw r2,r2,r6 
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Shift Right Algebraic Immediate, n = 3 (Shift Amount < 32) 
rlwinrn r4,r4,32-SH,SH,31 
rlwirni r4,r3,32-SH,O,SH-l 
rlwinrn r3,r3,32-SH,SH,31 
rlwirni r3,r2,32-SH,O,SH-l 
srawi r2,r2,SH 

Shift Right Algebraic, n = 2 (Shift Amount < 64) 
subfic r31,r6,32 
srw r3,r3,r6 
slw rO,r2,r31 
or r3,r3,rO 
addic. r31,r6,-32 
sraw rO,r2,r31 
ble $+8 
ori r3,rO,O 
sraw r2,r2,r6 

Shift Right Algebraic, n = 3 (Shift Amount < 32) 
subfic 
srw 
slw 
or 
srw 
slw 
or 
sraw 

r31,r6,32 
r4,r4,r6 
rO,r3,r31 
r4,r4,rO 
r3,r3,r6 
rO,r2,r31 
r3,r3,rO 
r2,r2,r6 
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Appendix F 
Floating-Point Models 
This appendix gives examples of how the floating-point conversion instructions can be 
used to perform various conversions. 

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

The full convert to signed fixed-point integer word function can be implemented with the 
sequence shown below, assuming that the floating-point value to be converted is in FPR 1, 
the result is returned in GPR3, and a double word at displacement "disp" from the address 
in OPR1 can be used as scratch space. 

fctiw[z]f2,f1 
stfd f2,disp(r1) 
lwz r3,disp+4(r1) 

#convert to fx int 
#store float 
#load word and zero 

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

The full convert to unsigned fixed-point integer word function can be implemented with the 
sequence shown below, assuming that the floating-point value to be converted is in FPR I, 
the value 0 is in FPRO, the value 232 is in FPR3, the value x'OOOO 0000 7FFF FFFF' is in 
FPR4, the value 231 is in FPR5 and OPR5, the result is returned in OPR3, and a double 
word at displacement "disp" from the address in OPRl can be used as scratch space. 

fmr f2,fO 
fcmpu cr2,f1,fO 
bl cr2,store 
fmr f2, f4 
fcmpu cr2,f1,f3 
bgt cr2,store 
fsub f2,f1,f5 
fcmpu cr2,f1,f5 
bnl cr2,$+8 
fmr f2, f1 
fctiw[z]f2,f2 
stfd f2,disp(r1) 
lwz r3,disp+4(r1) 
bl cr2,$+8 
add r3,r3,r5 

MOTOROLA 

#use 0 if <: 0 

#use max if > max 

#subtract 2**31 
#use diff if ~ 2**31 

#convert to fx int store­
#store float 
#load word 
#add 2**31 if input 
#was ~ 2**31 
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F.3 Floating-Point Models 
This section describes models for floating-point instructions. 

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

If FRB[1-11]<897 and FRB[1-63]>0 then 
Do 

If FPSCR[UE]=O then goto Disabled Exponent Underflow 
If FPSCR[UE]=l then goto Enabled Exponent Underflow 

End 

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

If FPSCR[OE]=O then goto Disabled Exponent Overflow 
If FPSCR[OE]=l then goto Enabled Exponent Overflow 

End . 

If FRB[1-11]>896 and FRB[1-11]<1151 then goto Normal Operand 

If FRB[1-63]=0 then goto Zero Operand 

If FRB[1-11]=2047 then 
Do 

If FRB[12-63]=0 then goto Infinity Operand 
If FRB[12]=1 then goto QNaN Operand 
If FRB[12]=0 and FRB[13-63]>0 then goto SNaN Operand 

End 

Disabled Exponent Underflow: 
sign f- FRBO 
If FRB[l-ll]=O then 

Do 
exp f- -1022 
frac f-b'O' II FRB[12-63] 

End 
If FRB[1-11]>0 then 

Do 
exp f- FRB [ 1-11 ] - 1023 
frac f- b'l' II FRB[12-63] 

End 
Denormalize operand: 

G " R " X f-b'OOO' 
Do while exp<-126 

exp f- exp + 1 
frac I I G I I R I I X f- b' 0' I I frac I I G I I (R I X) 

End 
FPSCR[UX] < frac [24-52] I I G II R II X>O 
If frac [24-52] I I G I I R I I X>O then FPSCR[XX] f-l 
Round single(sign,exp,frac,G,R,X) 
If frac=O then 

Do 

F-2 

FRTOO f- sign 
FRTO [1-63] f- 0 
If sign=O then FPSCR[FPRF] f- "+zero" 
If sign=l then FPSCR [FPRF] f- "-zero" 
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End 
If frac:>O then 

Do 
If frac[O]=l then 

Do 
If sign=O then FPSCR[FPRF] ~ "+normal number" 
If sign=l then FPSCR[FPRF] ~ "-normal number" 

End 
If frac[O]=O then 

Do 
If sign=O then FPSCR[FPRF] ~ "+denormalized number" 
If sign=l then FPSCR [FPRF] ~ "-denormalized number" 

End 
Normalize operand-

Do while frac[O]=O 
exp ~ exp-1 
frac II G II R ~ frac[1-52] II G II R II b'O' 

End 
FRT [ 0] ~ sign 
FRT [1-11] ~ exp + 1023 
FRT[12-63] ~ frac[1-23] II b'O 0000 0000 0000 0000 000000000000' 

End 
Done 

Enabled Exponent Underflow 
FPSCR lUX] ~ 1 
sign ~ FRB[O] 
If FRB[l-ll]=O then 

Do 
exp ~ -1022 
frac ~ b'O' II FRB[12-63] 

End 
If FRB[1-11]:>0 then 

Do 
exp ~ FRB [ 1-11 ] - 1023 
frac ~ b'l' II FRB[12-63] 

End 
Normalize operand-

Do while frac[O]=O 
exp ~ exp - 1 
frac ~ frac[I-52] II b'O' 

End 
If frac[24-52]:>0 then FPSCR[XX] ~ 1 
Round single(sign,exp,frac,O,O,O) 
exp ~ exp + 192 
FRT [ 0] ~ sign 
FR T [ 1-11] ~ e xp + 102 3 
FRT[12-63] ~ fracl-23 I I b'O 0000 0000 0000 0000 0000 0000 0000' 
If sign=O then FPSCR [FPRF] ~ "+normal number" 
If sign=1 then FPSCR[FPRF] ~ "-normal number" 
Done 

Disabled Exponent Overflow 
inc ~ 0 
FPSCR[OX] ~ 1 
FPSCR[XX] ~ 1 
If FPSCR[RN]= b'OO' then/* Round to Nearest */ 

Do 
inc ~ 0 
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If FRB[O]=O then FRT ~ x'7FFO 0000 0000 0000 
If FRB[O]=l then FRT ~x'FFFO 0000 0000 0000' 
If FRB[O]=O then FPSCR[FPRF] ~ "+infinity" 
If FRB[O]=l then FPSCR[FPRF] ~ "-infinity" 

End 
If FPSCR [RN] = b' 01' then/ * Round Truncate * / 

Do 
If (b'O' II FRB[1-63]) <: x'047EF :;'FFF EOOO 0000' then inc ~o 
If FRB[O]=O then FRT ~x'47EF FFFF EOOO 0000' 
If FRB[O]=l then FRT ~x'C7EF FFFF EOOO 0000' 
If FRB[O]=O then FPSCR[FPRF] ~ "+normal number" 
If FRB[O]=l then FPSCR[FPRF] ~ "-normal number" 

End 
If FPSCR[RN] = b' 10' then /* Round to +Infinity * / 

Do 
If FRB [0] =0 then inc ~ 0 
If (FRB[O]=l & (FRB > x'C7EF FFFF EOOO 0000' then inc ~ 1) 
If FRB[O]=O then FRT ~ x'7FFO 0000 0000 0000' 
If FRB[O]=l then FRT ~ x'C7EF FFFF EOOO 0000' 
If FRB[O]=O then FPSCR[FPRF] ~ "+infinity" 
If FRB[O]=l then FPSCR[FPRF] ~ "-normal number" 

End 
If FPSCR[RN]=b'll' then/* Round to -Infinity */ 

Do 
(If FRB[O]=O & FRB <: x'47EF FFFF EOOO 0000') then inc ~1 
If FRB[O]= 1 then inc ~ 1 
If FRB[O]=O then FRT ~ x'47EF FFFF EOOO 0000' 
If FRB[O]=l then FRT ~ x'FFFO 0000 0000 0000' 
If FRB[O]=O then FPSCR[FPRF] ~ "+normal number" 
If FRB[O] =1 then FPSCR[FPRF] ~ "-infinity" 

End 
FPSCR[FR] ~ inc 
FPSCR[FI] ~ 1 
Done 

Enabled Exponent Overflow 
sign ~ FRB [ 0 ] 
exp ~ FRB [1-11] - 1023 

frac ~ b'l' II [12-63] 
If frac[24-52]>0 then FPSCR[XX] ~ 1 
Round single(sign,exp,frac,O,O,O) 

Enabled Overflow 
FPSCR[OX] ~ 1 
exp ~ exp - 192 
FRT [0] ~ sign 
FRT[l-ll] ~ exp + 1023 
FRT [ 12 - 63] ~ f r a c [ 1-23] I I b' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 00 0 0 ' 
If sign=O then FPSCR [FPRF] ~ "+normal number" 
If sign=l then FPSCR [FPRF] ~ "-normal number" 

Done 

Zero Operand 
FRT ~ FRB 
If FRB[O]=O then FPSCR[FPRF] ~ "+zero" 
If 'FRB[O]=l then FPSCR[FPRF] ~ "-zero" 
FPSCR[FR FI] ~ b'OO' 
Done 
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Infinity Operand 
FRT f- FRB 
If FRB[O]=O then FPSCR[FPRF] f- "+infinity" 
If FRB[O]=l then FPSCR[FPRF] f- "-infinity" Done 
QNaN Operand-
FRT f- FRB[0-34] II b'O 0000 0000 0000 0000 0000 0000 0000' 
FPSCR [FPRF] f- "QNaN" 
FPSCR[FR FI] f- b'OO' 
Done 

QNaN Operand 
FRT f- FRB[0-34] II b'O 0000 0000 0000 0000 0000 0000 0000' 
FPSCR [FPRF] f- "QNaN" 
FPSCR[FR FI] f- b'OO' 
Done 

SNaN Operand 
FPSCR [VXSNAN] f- 1 
If FPSCR[VE]=O then 

Do 
FRT [0-11] f- FRB [0-11] 
FRT [12] f- 1 
FR T [ 13 - 6 3] f- FRB [ 13 - 3 4] I I b' 0 000 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0000' 
FPSCR[FPRF] f- "QNaN" 

End 
FPSCR[FR FI] f- b' 00' 
DDone 

Normal Operand 
sign f- FRB [ 0 ] 
exp f- FRB [1-11] - 1023 
f r a c f- b' 1 ' I I FRB [ 12 - 6 3 ] 
If frac[24-52]>0 then FPSCR[XX] f- 1 
Round single(sign,exp,frac,O,O,O) 
If exp>+127 and FPSCR[OE]=O then go to Disabled Exponent Overflow 
If exp>+127 and FPSCR[OE]=l then go to Enabled Overflow 
FR T [ 0] f- sign 
FR':'[l-ll] f- exp + 1023 
FR T [ 12 - 6 3] f- f r a c [ 1-2 3 ] I I b' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' 
If sign=O then FPSCR [FPRF] f- "+normal number" 
If sign=l then FPSCR [FPRF] f- "-normal number" 
Done 

Round Single (sign,exp,frac,G,R,X) 
inc f- 0 
lsb f- frac [23] 
gbit f- frac[24] 
rbit f-frac[25] 
xbit f- (frac[26-52] IIGIIRIIX):;tO 
If FPSCR[RN]=b'OO' then 

Do 
If sign II lsb II gbit II rbit II xbit = b'u11uu' then inc f-1 
If sign II lsb II gbit II rbit II xbit = b'u011u' then inc f-1 
If sign II lsb II gbit II rbit II xbit = b'u01u1' then inc f-1 

End 
If FPSCR[RN]= b'10' then 

Do 
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If sign II lsb II gbit II rbit II xbit = b'Ou1uu' then inc ~ 1 
If sign I I lsb II gbit II rbit II xbit = b' Ouu1u' then inc ~ 1 
If sign I I lsb I I gbit I I rbit I I xbit = b' Ouuu1' then inc ~ 1 

End 
If FPSCR[RN]= b'll' then 

Do 
If sign II lsb II gbit II rbit II xbit = b'lu1uu' then inc ~ 1 
If sign II lsb II gbit II rbit II xbit = b'luu1u' then inc ~ 1 
If sign II lsb I I gbit I I rbit I I xbit = b'luuu1' then inc ~ 1 

End 
frac[0-23] ~ frac[0-23] + inc 
If carry_out=l then 

Do 
frac[0-23] ~ b'l' I I frac[0-22] 
exp ~ exp + 1 

End 
FPSCR [FR] ~ inc 
FPSCR[FI] ~ gbit I rbit I xbit 
Return 

F.3.2 Floating-Point Convert to Integer Model 
The following algorithm describes the operation of the floating-point convert to integer 
instructions. In this example, u represents an undefined hexadecimal digit.. 

If Floating Convert to Integer Word 
Then Do 

Then round_mode ~ FPSCR[RN] 
tgt-precision ~ "32-bit integer" 

End 
If Floating Convert to Integer Word with round toward Zero 

Then Do 
round_mode ~ b' 0 l' 
tgt-precision ~ "32-bit integer" 

End 
If Floating Convert to Integer Doubleword 

Then Do 
round_mode ~ FPSCR[RN] 
tgt-precision ~ "64-bit integer" 

End 
If Floating Convert to Integer Doubleword with round toward Zero 

Then Do 
round_mode ~ b'Ol' 
tgt-precision ~ "64-bit integer" 

End 
If FRB[1-11]=2047 and FRB[12-63]=O then goto Infinity Operand 
If FRB[1-11]=2047 and FRB12=0 then goto SNaN Operand 
If FRB[1-11]=2047 and FRB12=1 then goto QNaN Operand 
If FRB[1-11]>1086 then goto Large Operand 

sign ~ FRBO 
If FRB[l-ll]>O then exp ~ FRB[l-ll] - 1023 /* exp - bias */ 
If FRB[l-ll]=O then exp ~ -1022 
If FRB[l-ll]>O then frac[0-64]~b'Ol' IIFRB[12-63] Ilb'OOOOOOOOOOO' 
/*normal*/ 
If FRB[l-ll]=O then frac[0-64]~b'OO' IIFRB[12-63] Ilb'OOOOOOOOOOO' 
/*denormal*/ 
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gbit I I rbit I I xbit ~ b' 000' 
Do i=l,63-exp 

frac[0-64] II gbit II rbit II xbit ~ b'O' II frac[0-64] II gbit II 
(rbitlxbit) 
End 

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

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

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

If tgt_precision="32-bit integer" and frac[0-64]>+2(31)-1 
then goto Large Operand 

If tgt_precision="64-bit integer" and frac[0-64]>+2(63)-1 
then goto Large Operand 

If tgt_precision="32-bit integer" andfrac[0-64]<-2 (31) thengoto Large 
Operand 
If tgt_precision=" 6 4-bi t integer" and frac [0-64] <-2 (63) then goto Large 
Operand 
If tgt-precision="32-bit integer" 

then FRT ~ x'xuuuuuuu' I I frac[33-64] 
If tgt_precision="64-bit integer" then FRT ~ frac[1-64] 
FPSCR[FPRF] ~ undefined 
Done 

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

inc ~ 0 
If round_mode= b'OO' then 

Do 
If sign II frac[64] II gbit II rbit II xbit = b'u11ux' then inc ~ 1 
If sign II frac[64] II gbit II rbit II xbit=b'u011x' theninc~l 
If sign II frac64 I I gbit. II rbit II xbit = b'u01ul' then inc ~ 1 

End 
If round_mode= b'10' then 

Do 
If sign II frac64 II gbit II rbit II xbit = b'Ou1ux' then inc ~ 1 
If sign II frac64 II gbit II rbit II xbit b'Ouu1x' then inc ~ 1 
If sign I I frac64 I I gbit I I rbit I I xbit = b' Ouuu1' then inc ~ 1 

End 
If round_mode= b'll' then 

Do 
If sign II frac64 II gbit II rbit II xbit = b'lu1ux' then inc ~ 1 

If sign II frac64 II gbit II rbit II xbit = b'luulx' then inc ~ 1 
If sign II frac64 I I gbit I I rbit I I xbit = b'luuul' then inc ~ 1 

End 
frac[0-64] ~ frac[0-64] + inc 
FPSCR [FR] ~ inc 
FPSCR[FI] ~ gbit I rbit xbit 
Return 
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Infinity Operand 
FPSCR[FR FI VXCVI] +- b'OOl' 
If FPSCR[VE]=O then Do 

If tgt-precision="32-bit integer" then 
Do 

If sign=O then FRT +- x'uuuu uuu~ 7FFF FFFF' 
If sign=l then FRT +- x'uuuu uuuu 8000 0000' 

End 
Else 

Do 
If sign=O then FRT +- x'7FFF FFFF FFFF FFFF' 
If sign=l then FRT +- x'8000 0000 0000 0000' 

End 
FPSCR[FPRF] < undefined 
End 

Done 

SNaN Operand 
FPSCR[FR FI VXCVI VXSNAN] +- b'OOll' 
If FPSCR[VE]=O then 

Do 
If tgt_precision="32-bit integer" 

then FRT +- x'uuuu uuuu 8000 0000' 
If tgt_precision="64-bit integer" 

then FRT +- x'8000 0000 0000 0000' 
FPSCR[FPRF] +- undefined 

End 
Done 

QNaN Operand 
FPSCR[FR FI VXCVI] +- b'OOl' 
If FPSCR[VE]=O then 

Do 
If tgt_precision="32-bit integer" then FRT +- x'uuuu uuuu 8000 

0000' 
If tgt_precision="64-bit integer" thenFRT+-x' 8000 0000 0000 0000' 
FPSCR[FPRF] < undefined 

End 
Done 

Large Operand 
FPSCR[FR FI VXCVI] +- b'OOl' 
If FPSCR[VE]=O then Do 

If tgt_precision="32-bit integer" then 
Do 

If sign=O then FRT +- x'uuuu uuuu 7FFF FFFF' 
If sign=l then FRT +- x'uuuu uuuu 8000 0000' 

End 
Else 

Do 
If sign=O then FRT +- x'7FFF FFFF FFFF FFFF' 
If sign=l then FRT +- x'8000 0000 0000 0000' 

End 
FPSCR[FPRF] +- undefined 
End 

Done 
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F.4 Floating-Point Convert from Integer Model 
The following algorithm describes the operation of the floating-point convert from integer 
instructions. 

sign ~ FRB [ 0 ] 
exp ~ 63 
frac ~ FRB 

If frac=O then go to Zero Operand 
If sign=l then frac ~ -,frac + 1 

Do until frac[O]=l 

End 

frac ~ frac[1-63] II b'O' 
exp ~ exp - 1 

Round Float (sign,exp,frac,FPSCR[RND 
If sign=l then FPSCR [FPRF] ~ "-normal number" 
If sign=O then FPSCR[FPRF] ~ "+normal number" 
FRT [ 0] ~ sign 
FRT[l-ll] ~ exp + 1023 /* exp + bias */ 
FRT[12-63] ~ frac[1-52] 
Done 

Zero Operand 
FPSCR[FR FI] ~ b'OO' 
FPSCR[FPRF] ~ "+zero" 
FRT ~ x'OOOO 0000 0000 0000' 
Done 

Round Float (sign,exp,frac,round _mode) 

In this example, the bits designated as u are ignored in comparisons. 

inc ~ 0 
lsb ~ frac [52] 
gbit ~ frac[53] 
rbit ~ frac[54] 
xbit ~ frac[55-63]>0 
If round_mode=b'OO' then 

Do 
If sign I I lsb II gbit I I rbit I I xbit = b'ulluu' then inc ~ 1 
If sign I I lsb I I gbit I I rbit I I xbit = b'u011u' then inc ~ 1 
If sign II lsb II gbit II rbit II xbit = b'u01u1' then inc ~ 1 

End 
If round_mode= b'10' then 

Do 
If sign II lsb II gbit II rbit II xbit = b'Ou1uu' then inc ~ 1 
If sign II lsb II gbit II rbit II xbit = b' Ouu1u' then inc ~ 1 
If sign I I lsb I I gbit I I rbit I I xbit = b' Ouuu1' then inc ~ 1 

End 
If round_mode= b'll' then 

Do 
If sign II lsb II gbit II rbit II xbit = b'lu1uu' then inc ~ 1 
If sign II lsb II gbit II rbit II xbit = b'luu1u' then inc ~ 1 
If sign II lsb II gbit II rbit II xbit = b'luuu1' then inc ~ 1 
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End 
frac[O-52] ~ frac[O-52] + inc 
If carry_out=l then exp ~ exp + 1 
FPSCR [FR] ~ inc 
FPSCR[FI] ~ gbit I rbit I xbit 
If (gbit I rbit I xbit) then FPSCR[XX] ~ 1 
Return 
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Appendix G 
Synchronization Programming 
Examples 
The examples in this appendix show how synchronization instructions can be used to 
emulate various synchronization primitives and how to provide more complex forms of 
synchronization. 

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

G.1 General Information 
The following points provide general information about the Iwarx and stwcx. instructions: 

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

It is acceptable to execute an Iwarx instruction for which no stwcx. instruction is 
executed. For example, such a dangling Iwarx instruction occurs if the value loaded 
in the Test and Set sequence shown Section G.2.5, "Test and Set," is not zero. 

To increase the likelihood that forward progress is made, it is important that looping 
on Iwarx/stwcx. pairs be minimized. For example, in the sequence shown above for 
Test and Set, this is achieved by testing the old value before attempting the store­
were the order reversed, more stwcx. instructions might be executed, and 
reservations might more often be lost between the Iwan' and the stwcx. instructions. 

• The manner in which Iwarx and stwcx. are communicated to other processors and 
mechanisms, and between levels of the memory subsystem within a given processor 
is implementation-dependent. In some implementations performance may be 
improved by minimizing looping on a Iwarx instruction that fails to return a desired 
value. For example, in the Test and Set example shown above, if the programmer 
wishes to stay in the loop until the word loaded is zero, he could change the bne S+ 
12 to bne loop. However, in some implementations better performance may be 
obtained by using an ordinary Load instruction to do the initial checking of the 
value, as follows: 
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loop: lwz rS, ° (r3) #load the word 
cmpwi r5,O #loop back if word 
bne loop #not equal to ° 
lwarx rS,O,r3#try again, reserving 
cmpwi r5,O #(likely to succeed) 
bne loop #try to store nonzero 
stwcx. r4,O,r3#loop if lost reservation 
bne loop 

In a multiprocessor, livelock is possible if a loop containing an Iwarx/stwcx. pair 
also contains an ordinary Store instruction for which any byte of the affected 
memory area is in the reservation granule of the reservation. For example, the first 
code sequence shown in Section D. 1.2, List Insertion, can cause livelock if two list 
elements have next element pointers in the same reservation granule. 

G.2 Synchronization Primitives 
The following examples show how the Iwarx and stwcx. instructions can be used to 
emulate various synchronization primitives. The sequences used to emulate the various 
primitives consist primarily of a loop using Iwarx and stwcx .. Additional synchronization 
is unnecessary, because the stwcx. will fail, clearing the EO bit, if the word loaded by Iwarx 
has changed before the stwcx. is executed. 

G.2.1 Fetch and No-Op 
The Fetch and No-Op primitive atomically loads the current value in a word in memory. In 
this example it is assumed that the address of the word to be loaded is in GPR3 and the data 
loaded are returned in GPR4. 

loop: lwarx r4,O,r3#load and reserve 
ctwcx. rd ~ #store old value if still reserved 
bne loop #loop if lost reservation 

Notes: 

1. Because stwcx. is not necessarily performed with respect to all other mechanisms 
that access memory, an ordinary load instruction, or even a Load and Reserve 
instruction, on a different processor, may return a stale value. However, a 
subsequent Iwarx on the other processor followed by a successful stwcx. on that 
processor is guaranteed to have returned the value stored by the first processor's 
stwcx. (in the absence of other stores to the location). 

2. The storing done by the stwcx. instruction in this example is redundant. 

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

In this example it is assumed that the address of the word to be loaded and replaced is in 
GPR3, the new value is in GPR4, and the old value is returned in GPR5 . 
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loop: lwarx r5,0,r3#load and reserve 
stwcx. r4,0,r3#store new value if still reserved 
bne loop #loop if lost reservation 

G.2.3 Fetch and Add 
The Fetch and Add primitive atomically increments a word in memory. 

In this example it is assumed that the address of the word to be incremented is in GPR3, the 
increment is in GPR4, and the old value is returned in GPR5. 

loop: lwarx r8,0,r3 
add ra,r4,r8 
stwcx. ra,0,r3 
bne loop 

G.2.4 Fetch and AND 

#load and reserve 
#increment word 
#store new value if still reserved 
#loop if lost reservation 

The Fetch and AND primitive atomically ANDs a value into a word in memory. 

In this example it is assumed that the address of the word to be ANDed is in GPR3, the 
value to AND into it is in GPR4, and the old value is returned in GPR5. 

loop: lwarx r8,0,r3 
and ra,r4,r8 
stwcx. ra,0,r3 
bne loop 

#load and reserve 
#AND word 
#store new value if still reserved 
#loop if lost reservation 

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

G.2.S Test and Set 
The Test and Set primitive atomically loads a word from memory, ensures that the word in 
memory contains a non-zero value, and sets the EQ bit of CR Field 0 according to whether 
the value loaded is zero. 

In this example it is assumed that the address of the word to be tested is in GPR3, the new 
value (non-zero) is in GPR4, and the old value is returned in GPR5. 

loop: lwarx r8,3,r3 #load and reserve 
cmpwi r8, a #done if word 
bne $+12 #not equal to ° 
stwcx. r4,0,r3#try to store nonzero 
bne loop #loop if lost reservation 
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Notes: 
1. Test and Set is shown primarily for pedagogical reasons. It is useful on machines 

that lack the better synchronization facilities provided by Iwarx and stwcx .. Test and 
Set does not scale well. Using Test and Set before a critical section allows only one 
process to execute in the critical section at a time. Using Iwarx and stwcx. to bracket 
the critical section allows many processes to execute in the critical section at once, 
but at most one will succeed in exiting from the section with its results stored. 

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

G.3 Compare and Swap 
The Compare and Swap primitive atomically compares a value in a register with a word in 
memory, if they are surely equal stores the value from a second register into the word in 
memory, if they may be unequal loads the word from memory into the first register, and sets 
the EQ bit of CR Field 0 to indicate the result of the comparison. 

In this example it is assumed that the address of the word to be tested is in GPR3, the 
comparand is in GPR4, the new value is in GPR5, and the old value is returned in GPR6. 

lwarx r6,O,r3#load and reserve 
cmpw r4,r6 #first 2 operands equal? 
bne $+8 #skip if not 
stwcx. rS,O,r3#store new value if still reserved 

Notes: 
1. Compare and Swap is shown primarily for pedagogical reasons. It is useful on 

machines that lack the better synchronization facilities provided by Iwarx and 
stwcx .. A major weakness of typical Compare and Swap instructions is that they 
permit spurious success if the word being tested has changed and then changed back 
to its old value: the sequence shown above does not have this weakness. 

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

G.4 List Insertion 
The following example shows how the Iwarx and stwcx. instructions can be used to 
implement simple LIFO (last-in-first-out) insertion into a singly-linked list. (Complicated 
list insertion, in which multiple values must be changed atomically, or in which the correct 
order of insertion depends on the contents of the elements, cannot be implemented in the 
manner shown below, and requires a more complicated strategy such as using locks.) 
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The next element pointer from the list element after which the new element is to be inserted, 
here called the parent element, is stored into the new element, so that the new element 
points to the next element in the list: this store is performed unconditionally. Then the 
address of the new element is conditionally stored into the parent element, thereby adding 
the new element to the list. 

In this example it is assumed that the address of the parent element is in OPR3, the address 
of the new element is in OPR4, and the next element pointer is at offset 0 from the start of 
the element. It is also assumed that the next element pointer of each list element is in a 
reservation granule separate from that of the next element pointer of all other list elements. 

loop: lwarx r2,O,r3#get next pointer 
stw r2,O(r4)#store in new element 
sync #let store settle (can omit if not MP) 
stwcx. r4, a, r3#add new element to list 
bne loop #loop if stwcx. failed 

In the preceding example, if two list elements have next element pointers in the same 
reservation granule then, in a multiprocessor, livelock can occur. (Livelock is a state in 
which processors interact in a way such that no processor makes progress.) 

If it is not possible to allocate list elements such that each element's next element pointer is 
in a different reservation granule, then livelock can be avoided by using the following, more 
complicated, code sequence. 

lwz r2,O(r3)#get next pointer 
loopl: mr r5,r2 #keep a copy 

stw r2,O(r4)#store in new element 
sync #let store settle 

loop2: lwarxrZ,O,r3 #get it again 
cmpw r2,r5 #loop if changed (someone 
bne loopl #else progressed) 
stwcx. r4,O,r3#add new element to list 
bne loop2 #loop if failed 
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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 Standardfor Binary Floating-Point Arithmetic, copyright ©19R5 by 
the Institute of Electrical and Electronics Eneineers, 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 
MPC601 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 MPC601 can try again. The 
MPC601 implements atomic accesses through the Iwarx/stwcx. 
instruction pair, which asserts the TTO signal. 

B Beat. A single state on the MPC601 interface that may extend across multiple 
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bus cycles. An MPC601 transaction can be composed of multiple 
address or data heats. 

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 houndedly 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 MPC601: a 32-byte sector). 

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 
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 MPC601, it is one 
sector (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 sectors that must be written to memory when a snoop miss 
causes the least recently used section with moditled data to be 
replaced. 

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 Operations. 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. 

D Denormalized Number. A non-zero floating-point number whose exponent 
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has a reserved value, usually the format's minimum, and whose 
explicit or implicit leading significand bit is zero. 

Dynamic Store Forwarding. Allows the FPU to collapse a floating-point 
arithmetic operation followed by a floating-point store operation that 
depends on the result of the arithmetic operation into a single 
operation through the pipeline. 
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E Exception. An unmmal or error condition encountered by the processor that 
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. MESI state in which only one caching device contains data 
that is also in system memory. Note that in the MPC601, shared 
cache sectors are also described as shared exclusive, in that data is 
the same in both the cache and in external 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't 
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. 

F Feed Forwarding. An MPC60lfeature that reduces the number of clock 
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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 MPC601 processor 
responsible for executing all floating-point instructions plus integer 
multiply and divided instructions. 

Flush. An operation that causes a modified cache sector 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. 
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G General-Purpose Registers. Any of the 32 registers in the MPC601 register 
file. These registers provide the source operands and destination 
results for all MPC601 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 Unit. The functional unit in the MPC601 processor that fetches 
all instructions from memory and performs the initial stages of 
instruction decoding. The instruction unit also contains the branch 
processing unit and performs all instruction address calculations 
(including branch address calculations). 

Integer Unit. The functional unit in the MPC601 processor responsible for 
executing all instructions except floating point, integer multiply and 
divide, and change of flow instructions. 

Interrupt. An external signal that causes the MPC601 to suspend current 
execution and take a predefined exception. 

Invalid State. MESI state (I) that indicates that the cache sector does not 
contain valid data. 

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

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

M Memory-Mapped Accesses. Accesses whose addresses use the segmented 
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or block address translation mechanisms provided by the MMU and 
that occur externally with the bus protocol defined for memory. 

PowerPC 601 RISC Microprocessor User's Manual MOTOROLA 



Memory Coherency. Refers to memory agreement between caches in a 
multiple processor and system memory (e.g. MESI cache 
coherency). 

Memory Consistency. Refers to levels of memory with respect to a single 
processor and system memory (e.g. on-chip cache, secondary cache, 
and system memory). 

Memory-Forced I/O Controller Interface Access(BUID = x'07F'). These 
accesses are made to memory space. They do not use the extensions 
to the memory protocol described for I/O controller interface 
accesses, and they bypass the page- and block -translation and 
protection mechanisms. 

MESI Modified. MESI state 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. 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 Overflow. An error condition that occurs during arithmetic operations when 
the result cannot be stored accurately in the destination register(s). 
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 MPC601 cannot 
represent this sum, an overflow condition occurs. 

P Packet. It is used in the MPC601 with respect to I/O controller interface 

MOTOROLA 

operations. 

Page. A4-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 from scratch. The system is precise 
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unless one of the imprecise modes for invoking the floating-point 
enabled exception is in effect. 

Processor Clock. Internal P _CLOCK signal. 

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 aUowed to 
complete to create a controlled context for instructions that may be 
affected by out-of-order, paraUel execution. See 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. 

R Register Renaming. The use of shadowing that allows a register to be 
updated by instructions that are executed out of order without 
destroying machine state information. The MPC601 implements a 
two-entry link register shadow to improve performance and to help 
handle the precise exception model required by PowerPC. 

S Scan Interface. The MPC601 's test interface. 
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Sector. One half of a MPC601 cache line. Each MPC601 cache line is 16 
words long; therefore, each sector is 8 words long. Cache coherency 
is maintained with sector granularity. In the MPC601, the sector is 
equivalent to a cache block. 

Shared State. MESI protocol state in which two or more caching devices 
contain the same information. In the MPC601, shared implies 
shared, exclusive. That is, shared data is identical to the data at that 
address in system memory. 

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 slaye 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 sector mayor may not 
transition to shared 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 (fOl' example, 
compilers) can give a hint to the machine hardware about the 
direction the branch is likely to take. 

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

Supervisor Mode. The privileged operation state of the MPC601. 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 MPC601, 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 ten ure. 

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
precision format makes available. In other words, the result is too 
small to be represented accurately. 
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Unified Cache. Combined data and instruction cache. 

User Mode. The unprivileged operating state of the MPC60I. 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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A 
AO-A31, R-7 
~,R-16 
m, R-5, 9-R 
abs, 10-7 
add,1O-8 
addc, 10-9 
adde, 10-10 
addi, 3-92, 10-11 
addie, 10-12, 10-13 
addis, 3-92, 10-14 
addme, 10-15 
Address bus 

address tenure, 9-7, 9-37 
address transfer 

AO-A31,8-7 
APO-AP3,8-R 
AJ5t,8-9 
signals, 9-12 

address transfer attribute 
~, 8-14 
CSEO-CSE2 signals, 8-15 
m,8-15 
HP_SNP_REQ,8-16 
TS'ST, 8-13, 9-15 
TCO-TC1, 8-14, 9-17 
TSIZO-TSIZ2, 8-12, 9-14 
TTO-TT 4, 8-10, 9-13 
WT,8-15 

address transfer start 
m,8-6 
mg,8-6 

address transfer termination 
~,8-16 
ARTRY,8-17 
mm,8-18 
terminating address transfer, 9-18 

arbitration signals, 9-8 
bus arbitration, 9-10 

Pm,8-5 
'00',8-4 
m,8-4 

Address calculation 
branch instructions, 3-63 

Address translation, see Memory management unit 
Addressing 

branch conditional relative, 3-64 
branch conditional to absolute, 3-66 
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branch conditional to count register, 3-66 
branch conditional to link register, 3-66 
branch relative, 3-64 
branch to absolute, 3-65 
immediate index, floating-point, 3-55 
register indirect with immediate index, integer, 3-

42 
register indirect, floating-point, 3-56 
register indirect, integer, 3-44 

addze, 10-16 
Aligned data transfer, 2-43, 9-15 
Alignment 

exception, 5-25, 6-13 
rules, 2-44, 2-47 

and,lO-17 
andc, 10-18 
andi, 10-19 
andis., 10-20 
APO-AP3, 8-8 
AJ5t,8-9 
Arbitration, system bus, 9-10, 9-21 
ARTRY, 4-17,8-17 
Asynchronous exceptions, 5-6, 5-7, 5-9 
Atomic memory references 

B 

stwcx., 3-53, 10-197 
using lwarx/stwcx., 4-14 

b, 10-21 
be,1O-22 
bectr, 10-23 
~,8-32 
belr, 10-24 
'00',8-4,9-8 
BI operand, 3-69 
Big-endian byte ordering, 2-45 
Block address translation 

BAT registers, 2-33, 6-26 
block address translation flow, 6-8, 6-30 
block memory protection, 6-19, 6-29, 6-31 
block size options, 6-28 
BTLB organization, 6-24 
generation of physical addresses, 6-29 
selection of block address translation, 6-5, 6-26 

BO operand encodings, 3-68, B-3 
m, 8-4, 9-8 
Branch folding, 1-6,7-15 
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Branch instructions 
address calculation, 3-63 
condition register logical, 3-75 
description, 3-74 
simplified branch mnemonics, 3-69 
simplified mnemonics, 3-77 

Branch prediction, 7-15 
Branch processing unit 

execution timing, 7-14 
overview, 1-6 

Breakpoints 
breakpoint control, 6-12 
data breakpoints, 6-12, 6-13 
instruction breakpoints, 6-12, 6-13 

Burst transfers 
transfers with data delays, timing, 9-34 

Bus unit ID (BUID), 9-36 
Byte ordering 

default, 2-44 
endian selection, 2-36 

c 
Cache arbitration, 4-3, 7-6 
Cache cast-out operation, 4-4 
Cache coherency 

actions on load operations, 4-13 
actions on store operations, 4-14 
bus interface logic, 4-25 
cache control instructions, 4-17 
cache snoop, 4-14 
coherency precautions, 4-11 
copy-back operation, 6-17 
in multiprocessor systems, 4-12 
in single-processor systems, 4-12 
overview, 4-1, 4-6 
reaction to bus operations, 4-14 
WIM bits, 4-7,6-10,6-16,6-57,6-61 
write-back mode, 6-17 

Cache control instructions 
bus operations, 4-21 
cics, 3-88, 4-18, 10-25 
dcbf, 3-89,4-20, 10-39 
dcbst, 3-88, 4-19,10-41 
dcbt, 3-87,4-18, 10-42 
dcbtst, 3-87, 4-19, 10-43 
dcbz, 3-88,4-19, 10-44 
eicio, 4-20, 10-54 
icbi, 3-87,4-21, 10-77 
isync, 4-21, 10-78 
purpose, 4-17 

Cache hit, 7-7 
Cache miss, 7-8 
Cache operations 

cache cast-out operation, 4-4 

INDEX 

cache data transactions, 4-5 
cache sector line-fill operation, 4-5 
cache sector push operation, 4-5,4-17 
overview, 1-9,4-1 
response to bus transactions, 4-14 

Cache organization, 4-2 
Cache sector line-fill operation, 4-5 
Cache sector push operation, 4-5, 4-17 
Cache unit 

memory performance, 7-25 
operation of the cache, 9-2 
overview, 4-1 

Cache-inhibited accesses (I bit) 
cache interactions, 4-7 
MMU (I-bit setting), 6-10.6-16,6-57,6-61 
timing considerations, 7-26 

Change (C) bit maintenance 
recording, 6-8, 6-39, 6-40, 6-41 
updates, 6-56 

Checkstop signal, 9-47 
Checkstop sources and enables register (HIDO), 2-36 
Checkstop state, 5-21 
CT,8-14 
~,8-25 
CKsTp _oUT, 8-26 
cics, 4-18, 10-25 
Clean block operation, 4-15 
Clock signals 

2X]CLK, 8-31 
~,8-32 
'PCDCrn,8-31 
RTC, 8-35 

cmp, 10-26 
cmpi,1O-27 
cmpl,1O-28 
cmpli, 10-29 
cntlzd, C-4 
cntlzw, 10-30 
Coherency precautions, 4-11 
Complement register, simplified mnemonic, 3-93 
Context synchronization, 2-24, 3-2 
Copy-back mode, 7-25 
CR (condition register) 

CR bit fields, 2-11 
CR settings, 3-39, B-2 

crand, 10-31 
crandc, 10-32 
creqv, 10-33 
crnand, 10-34 
crnor, 10-35 
cror, 10-36 
crorc, 10-37 
crxor, 10-38 
CSEO-CSE2 signals, 8-15, 9-27 
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CTR (count register), 2-19 

D 
DABR (data address breakpoint register, HID5), 2-40 
DAR (data address register), 2-27 
Data access exception, 5-21 
Data breakpoints (DABR), 2-40,6-12,6-13 
Data bus 

arbitration signals, R-19, 9-R 
bus arbitration, 9-21 
data tenure, 9-7, 9-37 
data transfer, R-21, 9-22 
data transfer termination, R-23, 9-23 

Data transfers, alignment, 2-43, 9-15, 9-17 
USE, R-20, 9-R, 9-22 
IT9G, R-19, 9-R 
1'5'SWO R-19, 9-R, 9-50 
tfSW(:j, 4-17 
dcbf, 4-20, to-39 
dcbi, to-40 
dcbst, 4-19, 10-41 
debt, 4-1R, 10-42 
dcbtst, 4-19, 10-43 
dcbz, 4-19, to-44 
Debug modes register (HID 1), 2-38 
DEC (decrementer register), 2-2R, B-7 
Decode timing, 7-10 
Decrementer exception, 5-45 
Defined instruction class, 0-1 
DHO-DH31/DLO-DL31, R-21 
Direct address translation (translation disabled) 

data accesses, 6-7, 6-R, 6-16, 6-24, 6-34 
instruction accesses, 6-7, 6-8, 6-16, 6-24, 6-34 

diy, 10-45 
divd, C-4 
divdu, C-5 
divs, 10-46 
divw, 10-47 
divwu, 10-49 
Double-speed processor clock (2X_PCLK), 8-31 
doz, to-50 
dozi, to-51 
DPO-DP7, 8-22 
mst,8-23 
'!JA'Tt1?, 8-24, 9-23, 9-25 
DSISR (DAE/source instruction service register) 

format, 2-27 

E 

settings for alignment exception, 5-30 
settings for DAE, 5-21 

EAR (external access register), 2-31 
eciwx, to-52 
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ecowx, 10-53 
Effective address calculation 

address translation, 6-1 
branches, 3-2, 3-63 
loads and stores, 3-2, 3-42, 3-55 

eieio, 3-53,4-20, 10-54 
eqv, 10-55 
Error termination, 9-25 
ESP interface, 8-29 
Exceptions 

alignment exception, 5-25 
asynchronous exceptions, 5-6,5-7 
data access exception, 5-21 
decrementer exception, 5-45 
enabling and disabling, 5-13 
exception classes, 5-2 
exception priorities, 5-7 
exception processing, 5-9, 5-13 
external interrupt, 5-25 
FP unavailable exception, 5-44 
I/O controller interface error, 5-46 
instruction access exception, 5-24 
machine check exception, 5-19 
precise exceptions, 5-5 
priorities, 5-10 
program exception, 5-32 
register settings 

FPSCR,5-33 
MSR, 5-11, 5-15 
SRRO, SRR1, 5-10 

reset, 5-16 
run mode exception, 5-48 
summary, 3-3 
sUlllmary table, 5-2 
synchronous/precise, 5-6 
system call exception, 5-47 
vector offset table, 5-2, 5-16 

Execute timing, instruction, 7-12 
Execution units, 1-6 
External control instructions, 3-90 
extsb, 10-56 
extsh, 10-57 
extsw, C-6 

F 
fabs, 10-58 
fadd, to-59 
fcfid, C-7 
fcmpo, 10-60 
fcmpu, 10-61 
fctid, C-7 
fctidz, C-R 
fctiw, 10-62 
fctiwz, 10-63 
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fdiv, 10-64 
Features, MPC601, 1-2, 1-13 
Feed forwarding, 7-3 
Floating-point instructions 

data formats, 2-59 
floating-point models, F-2 
IEEE-754 compatability, 2-55 
precision handling, 2-66 
rounding,2-6R 

Floating-point model 
compare instructions,3-39 
FP arithmetic instructions, 3-30 
FP exception mode bits, 5-12 
FP multiply-add instructions, 3-34 
FP unavailable exception, 5-44 
FPSCR instructions, 3-40 
program exceptions, 5-33 
rounding and conversion instructions, 3-37 

Floating-point numbers, conversion, F-l 
Float:ng-point unit 

execution timing, 7-22 
overview, 1-7 

Flow control instructions, 3-63 
branch instructions, 3-74 
condition register logical, 3-75 
system linkage, 3-76 

Flush hlock operation, 4-15 
fmadd, 10-65 
fmr, 10-66 
fmsub, 10-67 
fmul, 10-68 
fnabs, 10-69 
fneg, 10-70 
fnmadd, 10-71 
fnmsub, 10-73 
FPCC (floating-point condition code), 3-39 
FPRO-FPR31 (t1oating-point registers), 2-6 
FPSCR (floating-point status and control register), 2-7 
FPSCR instructions, 3-40 
fres, C-lJ 
frsp, 10-75 
frsqrte, C-I0 
fsel, C-l1 
fsqrt, C-ll 
fsub,1O-76 

G 
cmr,R-15 
GPRO-GPR31 (general purpose registers), 2-6 
Guarded memory, 6-12 

H 
Hardware consideratons, MESI, 4-10 

Hashed page tables, 6-41 
Hashing functions 

primary PTEG, 6-45, 6-52, 6-55 
secondary PTEG, 6-45, 6-53, 6-56 

HID registers, 2-35 
Hp_SNP _REb, 8-16 
'Rl1'rnET, 8-26 

I/O controller interface 
address translation, 6-59 
alignment exception, 5-27 
architectural ramifications of accesses, lJ-36 
bus protocol 

address and data tenures, 9-37 
detailed description, 9-41 
load access, timing, 9-46 
load operations, 9-40 
store access, timing, 9-47 
store operations, 9-39 
transactions, 9-38 
ms signal, 9-37 

I/O controller interface error exception, 5-46 
memory-forced accesses, 6-61 
no-op instructions, fi-62 
operations, 8-8 
protection, 6-60 
selection of I/O controller interface segments, 6-

35 
unsupported instructions, 6-61 

I/O tenures, 9-38 
IABR (instruction address hreakpoint register, HID2), 

2-39 
icbi, 4-21, 10-77 
IEEE 1149.1-compatible interface, 9-49} 
IlIegal instruction class, D-2 
Imprecise exceptions, 5-7, 5-9 
Instruction 

stmw, 10-192 
Instruction access exception, 5-24 
Instruction breakpoints (lABR), 2-39, 6-12, 6-13 
Instruction flow, 7-4 
Instruction prefetch 

MMU constraints, 6-11 
Instruction queue, 1-6, 7-4 
Instruction stages, 7-5 
Instruction timing 

instruction flow, 7-4 
instruction queue, 7-4 
instruction stages. 7-5 
overview, 7-1 
timing considerations, 7-2 

Instruction TLB (ITLB), 6-15 
Instruction unit, 1-5 
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Instructions 
ahs. 10-7 
add. IO-X 
addc. lO-lJ 
adde. 10-10 
addi. 3-92. lO-11 
addic. 10-12, 10-13 
addis, 3-92, 10-14 
add me, 10-15 
addze, 10-16 
and, 10-17 
andc, lO-IR 
andi, 10-19 
andis., 10-20 
h. 10-21 
hc,1O-22 
hcctr, 10-23 
heir, 10-24 
hranch address calculation, 3-63 
hranch instructions, 3-74 
cache management instructions, 4-17 
classes of instructions, 0-1 
clcs. 4-IR, 10-25 
cmp, 10-26 
cmpi,IO-27 
cmpl,1O-2R 
cmpli, 10-29 
cntlzd. C-4 
cntlzw, 10-30 
condition register logical, 3-75 
crand, lO-31 
crandc, 10-32 
creqv, 10-33 
crnand, 10-34 
crnor, 10-35 
cror, 10-36 
crorc, 10-37 
crxor, 1O-3R 
dchf,4-20, 10-39 
dchi, 10-40 
dchst, 4-19, 10-41 
dcht, 4-1 R, 10-42 
dchtst, 4-19, 10-43 
dchz, 4-19, 10-44 
defined instructions, 0-1 
diy, 10-45 
divd, C-4 
divdu, C-5 
divs, 10-46 
divw, 10-47 
divwu, 10-49 
doz, 10-50 
dozi, 10-51 
eciwx, 3-90, 10-52 
ecowx, 3-90. 10-53 
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cicio, 3-53,4-20, 10-54 
cqv.IO-55 
external control. 3-90 
extsh, IO-S6 
cxtsh, 1O-S7 
extsw, C-6 
fahs, 1O-SR 
fadd, 1O-S9 
fcfid, C-7 
fcmpo, 10-60 
fcmpu, 10-61 
fctid, C-7 
fctidz. C-X 
fctiw, 10-62 
fctiwz, 10-63 
fdiv, 10-64 
tloating-point 

arithmetic, 3-30 
compare, 3-30. 3-39 
douhle-precision conversion, load, 3-59 
douhle-precision conversion, store, 3-61 
FP status and control register, 3-40 
multiply-add, 3-30,3-34 
rounding and conversion. 3-30, 3-37 
status and control register, 3-30 

tloating-point models, F-2 
flow control, 3-1. 3-63 
fmadd, 1O-6S 
fmr, 10-66 
fmsuh, 10-67 
fmul, 10-68 
fnahs, 10-69 
fneg, 10-70 
fnmadd, 10-71 
fnmsuh, 10-73 
fres, C-9 
frsp, 10-75 
frsqrte, C-I 0 
fsel, C-II 
fsqrt, C-II 
fsuh, 10-76 
ichi, 4-21, 10-77 
illegal instructions, 0-2 
integer 

arithmetic, 3-4 
compare, 3-4, 3-IS 
logical, 3-4, 3-16 
rotate, 3-20 
rotate and shift, 3-4, 3-18, 3-19 
shift,3-20 

invalid forms. 0-2 
isync, 3-S3, 4-21, 10-78 
latency summary, 7-26 
1hz, 10-79 
Ihzll, lO-XO 

Index-5 



Ibzux. 10-81 
Ibzx, 10-82 
Id, C-13 
Idarx, C-13 
Idu, C-14 
Idux, C-15 
Idx, C-15 
Ifd, 10-83 
Ifdu, 10-84 
Ifdux, 10-85 
Ifdx, 10-86 
Ifs, 10-87 
Ifsu, 10-88 
Ifsux, 10-89 
Ifsx, 10-90 
Iha, 10-91 
Ihau, 10-92 
Ihaux, 10-93 
Ihax, 10-94 
Ihbrx, 10-95 
1hz, 10-96 
Ihzu.1O-97 
Ihzux, 10-98 
Ihzx, 10-99 
Imw, 10-100, B-4 
load and store 

address generation, floating-point, 3-55 
address generation, integer, 3-42 

INDEX 

byte reversal instructions, 3-48 
double-precision conversion for FP load, 3-

59 
double-precision conversion for FP store, 3-

61 
floating-point load, 3-57 
floating-point move, 3-62 
floating-point store, 3-60 
integer load, 3-44 
integer multiple, 3-49 
integer store, 3-47 
move multiple, 3-50 

Iscbx, 10-10 1 
Iswi, 10-103, B-4 
Iswx, 10-104, B-4 
Iwa, C-16 
Iwarx, 3-53, 10-105 
Iwaux, C-16 
Iwax, C-17 
Iwbrx. 10-106 
Iwz, 10-107 
Iwzu, 10-108 
Iwzux, 10-109 
Iwzx, 10-110 
maskg, 10-111 
maskir, 10-112 

mcrf, 10-113 
mcrfs, 10-114 
mcrxr, 10-115 
memory control, 3-85 
mfcr, 10-117 
mffs, 10-118 
mfmsr, 10-119, B-1 
mfspr. 3-80, 10-120, B-5 
mfsr, 10-123, B-1 
mfsrin, 10-124 
mftb, C-17 
mtcrf, 10-125 
mtfsbO, 10-126 
mtfsbl, 10-127 
mtfsf, 10-128 
mtmsr, 10-130 
mtspr, 3-80, 10-131, B-5 
mtsr, 10-133 
mtsrin, 10-134 
mul,1O-135 
mulhd, C-18 
mulhdu, C-19 
mulhw, 10-136 
mulhwu, 10-137 
mulld, C-19 
mUIli, 10-139 
mulIw, 10-138 
nabs, 10-140 
nand, 10-141 
neg, 10-142 
11O-0P, 3-92 
nor, 10-143 
or, 10-144 
orc, 10-145 
ori, 10-146 
oris, 10-147 
POWER instructions in PowerPC, B-9 
POWER instructions, deleted, B-8 
PowerPC instructions, list, A-I 
processor control, 3-1, 3-80 
reserved bits, B-1 
reserved instructions, D-3 
rfi,IO-148 
r1dcl, C-20 
rldcr, C-21 
rldic, C-21 
rldicl, C-22 
rldicr, C-23 
rldimi, C-23 
rlmi, 10-149 
rlwimi, 10-150 
rlwinm, 10-151 
rlwnm, 10-152 
rrib, 10-153 
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sc, 10-154, B-4 
segment register instructions, B-6 
segment register manipulation, 3-89 
slbia, C-24 
slbie, C-25 
slbiex, C-26 
sid, C-26 
sle, 10-156 
sleq, 10-157 
sliq, 10-158 
slliq, 10-159 
sllq, 10-160 
slq, 10-161 
slw, 10-162 
srad, C-27 
sradi, C-28 
sraiq, 10-164 
sraq, 10-163 
sraw, 10-165 
srawi, 10-166 
srd, C-29 
sre, 10-167 
srea, 10-168 
sreq, 10-169 
srliq, 10-171 
srlq, 10-172 
srq, 10-173 
srw,1O-174 
stb,1O-175 
stbu, 10-176 
stbux, 10-177 
stbx, 10-178 
std, C-29 
stdcx., C-30 
stdu, C-31 
stdux, C-31 
stdx, C-32 
stfd, 10-179 
stfdu, 10-180 
stfdux, 10-181 
stfdx, 10-182 
stfiwx, C-32 
stfs, 10-183 
stfsu, 10-184 
stfsux, 10-185 
stfsx, 10-186 
sth, 10-187 
sthbrx, 10-188 
sthu, 10-189 
sthux, 10-190 
sthx, 10-191 
stswi, 10-193 
stswx, 10-194 
stw, 10-195 
stwbrx, 10-196 
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stwcx., 3-53, 10-197 
stwu, 10-198 
stwux, 10-199 
stwx, 10-200 
subf, 10-201 
subfc, 10-202 
subfe, 10-203 
subfic, 10-204 
subfme, 10-205 
subfze, 10-206 
supervisor-level cache management, 3-85 
support for Iwarx/stwcx., 9-48 
sync, 3-53, 10-207 
td, C-33 
tdi, C-34 
TLB management, 3-90 
tibia, C-34 
tlbie, 3-90, 10-208, B-7 
tlbiex, C-35 
tlbsync, C-36 
trap, 3-78 
tw,1O-21O 
twi,1O-211 
unimplemented by MPC601, 32-bit, C-l 
unimplemented by MPC601, 64-bit, C-2 
word compare mnemonics, 3-15 
xor, 10-212 
xori, 10-213 
xoris, 10-214 

TNT, 8-25, 9-47 
Integer arithmetic instructions, 3-4 
Integer compare instructions, 3-15 
Integer load instructions, 3-44 
Integer logical instructions, 3-16 
Integer rotate and shift instructions, 3-18, 3-19 
Integer store instructions, 3-47 
Integer unit 

execution timing, 7-19 
overview, 1-7 

Interrupt, external, 5-25 
isync, 3-53, 4-21, 10-78 
IU,3-4 

K 
Key (Ks, Ku) protection bits, 6-19 
Kill block operation, 4-15 

L 
Latency, 7-1, 7-26, 9-22 
Ibz, 10-79 
Ibzu, to-80 
Ibzux, 10-81 
lbzx, to-82 
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Id, C-13 
Idarx, C-13 
Idu, C-14 
Idux, C-15 
Idx, C-15 
Ifd,IO-83 
Ifdu, 10-84 
Ifdux, 10-85 
Ifdx, 10-86 
Ifs, 10-87 
Ifsu, 10-88 
Ifsux, 10-89 
Ifsx, 10-90 
Iha, 10-91 
Ihau, 10-92 
Ihaux, 10-93 
Ihax, 10-94 
Ihbrx, 10-95 
1hz, 10-96 
Ihzu, 10-97 
Ihzux, 10-98 
Ihzx, 10-99 
Little-endian byte ordering, 2-45 
Imw, 10-100, B-4 
Load address, simplified mnemonic, 3-93 
Load immediate, simplified mnemonic, 3-92 
Load operations 

I/O load accesses, 9-40 
memory coherency actions, 4-13 

Load/store 
address generation, 3-42 
byte reverse instructions, 3-48 
floating-point load instructions, 3-57 
floating-point move instructions, 3-62 
floating-point store instructions, 3-60 
integer load instructions, 3-44 
integer store instructions, 3-47 
load/store multiple instruction, 3-49 
memory synchronization instructions, 3-53 
move multiple instructions, 3-50 

Logical addresses 
translation into physical addresses, 6-1 

LR (link register), 2-18 
Iscbx, 10-101 
Iswi, 10-103, B-4 
Iswx, 10-104, B-4 
Iwa, C-16 
Iwarx, 3-53,10-105 
IWarx/stwcx. 

general information, 4-14, G-1 
support, 9-48 

Iwaux, C-16 
Iwax, C-17 
Iwbrx, 10-106 

INDEX 

Iwz, 10-107 
lwzu, 10-108 
lwzux, 10-109 
lwzx, 10-110 

M 
Machine check exception, 2-36,5-19 
maskg, 10-111 
maskir, 10-112 
mcrf, 10-113 
mcrfs, 10-114 
mcrxr, 10-115 
Memory accesses, 9-4 
Memory coherency bit (M bit) 

MMU (M-bit setting), 6-16 
cache interactions, 4-7 
coherency in multiprocessor systems, 4-12 
MMU (M-bit setting), 6-10, 6-57, 6-61 
timing considerations, 7-25 

Memory control instructions 
cache management, 3-85, 3-86 
segment register manipulation, 3-89 
lLB management, 3-90 

Memory management unit 
address translation flow, 6-8 
address translation mechanisms, 6-5, 6-21 
block address translation, 6-5, 6-8, 6-24 
block diagram, 6-3 
direct address translation, 6-7, 6-8, 6-16, 6-24, 6-

34 
exceptions, 6-12 
hashing functions, 6-45 
instruction TLB (llLB), 6-15 
instructions and registers, 6-14 
memory protection, 6-7, 6-19, 6-31 
memory/cache access modes (WIM bits), 6-10 
overview, 1-8, 6 2 
page address translation, 6-5, 6-8, 6-35, 6-41 
page history status, 6-8, 6-39 
page table search operation, 6-53 
page tables in memory, 6-41 
segment model, 6-31 
virtual address (52-bit), 6-35 

Memory synchronization 
eieio, 3-53 
isync, 3-53 
lwarx, 3-53 
stwcx., 3-53 
sync, 3-53 

Memory unit 
bus interface logic, 4-25 
operation for loads and stores, 9-4 
overview, 1-9,4-22 
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queuing priorities, 4-24 
queuing structure, 4-14, 4-24 

Memory update modes 
copy-back mode, 7-25 

Memory/cache access modes, purpose, 7-25 
Memory/cache access modes, see WIM bits 
MESI protocol 

definition, MESI states, 1-21,4-8 
enforcing memory coherency, 9-27 
hardware considerations, 4-10 

MESI state definitions, 4-8 
mfcr, 10-117 
mffs, 10-118 
mfmsr, 10-119, B-1 
mfspr, 3-80, 10-120 
mfspr, POWER and PowerPC, B-5 
mfsr, 10-123, B-1 
mfsrin, 10-124 
mftb, C-17 
Misaligned dak'l transfer, 9-17 
Move register, simplified mnemonic, 3-93 
MQ register, 2-14, 3-4 
MSR (machine sk'lte register), 2-20 
mtcrf, 10-125 
mtfsbO, 10-126 
mtfsb1, 10-127 
mtfsf, 10-128 
mtmsr, 10-130 
mtspr, 3-80, 10-131 
mtspr, POWER and PowerPC, B-5 
mtsr, 10-133 
mtsrin, 10-134 
mut, 10-135 
mulhd, C-18 
mulhdu, C-19 
mulhw, 10-136 
mulhwu, 10-137 
mulld, C-19 
mulli,1O-139 
mullw, 10-138 
Multiple-precision shifts, 3-20, E-1 

N 
nabs, 10-140 
nand,1O-141 
neg, 10-142 
No-op, 3-92 
nor, 10-143 
Normal termination, 9-23 

o 
Operand placement and performance, 2-42 
Operating environment arChitecture, 1-11 
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or, 10-144 
orc, 10-145 
ori,10-146 
oris, 10-147 
Out -of-order instruction issue, 7-13 

p 
Page address translation 

generation of physical addresses, 6-35 
page address translation flow, 6-41 
page memory protection, 6-19, 6-40 
page size, 6-31 
page k'lbles in memory, 6-41 
segment registers, 6-33, 6-36 
selection of page address translation, 6-5, 6-34 
k'lble search operation, 6-53 
UTLB organization, 6-33 
virtual address and virtual segment 10, 6-35 

Page history Sk'ltus 
Rand C bit recording, 6-8, 6-39 
Rand C bit updates, 6-56 

Page k'lbles 
allocation of PTEs, 6-49 
example k'lble structures, 6-49, 6-51 
organized as PTEGs, 6-43 
page table size, 6-44 
page table updates, 6-56 
PTE format, 6-37 
PTEG addresses, 6-47, 6-51 
table search for PTE, 6-53 

m-rcm,8-31 
Performance considerations, memory, 7-25 
Physical address generation 

block physical address generation, 6-29 
generation of PTEG addresses, 6-47, 6-51 
memory management unit, 6-1 
page physical address generation, 6-35 

PIR (processor identification register, HIDI5), 2-41 
POWER architecture 

deleted instructions in PowerPC, B-8 
migraton to PowerPC, B-1 
POWER instructions in PowerPC, B-9 
POWER/PowerPC, incompatibilities, B-1 
svcx instruction, B-4 

PowerPC architecture 
features used in MPC601, 1-13 
instructions, A-I 
levels ofimplemenk'ltion, 1-11 
operating environment architecture, 1-11 
POWER/PowerPC, incompatibilities, B-1 
registers/implementation, 1-14 
user instruction set architecture, 1-11 
virtual environment architecture, 1-11 
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PP protection bits, 6-19 
Precise exceptions, 5-5, 5-9 
Prefetch timing, 7-6 
Priorities 

cache access priorities, 4-4 
exception priorities, 5-7,5-10 
memory unit queuing priorities, 4-24 

Privilege levels 
changing privilege levels, 2-20, 5-14 
supervisor-level cache instruction, 3-85 
supervisor-level registers, 2-20 
user-level cache instructions, 3-86 
user-level registers, 2-6 

Process switching, 5-14 
Processor control instructions, 3-80 
Program exception, 5-32 
Programming model 

supervisor-level registers, 2-20 
user-level registers, 2-6 

Protection of memory areas 
block access protection, 6-19, 6-29, 6-31 
I/O controller interface protection, 6-8, 6-61 
options available, 6-7, 6-19 
page access protection, 6-19, 6-31, 6-40 
programming protection bits, 6-19 
protection violations, 6-12, 6-20, 6-31 

PTEGs (PTE groups) 
definition, 6-43 
example primary and secondary PTEGs, 6-51 
generation of PTEG addresses, 6-47 
table search operation, 6-53 

PTEs (page table entries), 6-35, 6-37, 6-43, 6-53, 6-56 
PVR (processor version register), 2-33 

Q 

Qualified bus grant, 9-8 
Qualified data bus grant, 9-21 
Qualified snoop request, 4-14 
Queuing structure, memory unit, 4-24 
QUIESC_REQ, 8-28 

R 
Read (with clean) operations, 4-13 
Read atomic operation,4-15 
Read operation, 4-15 
Read with intent to modify operation, 4-15 
Real-time clock (RTC), B-7 
Reference (R) bit maintenance 

recording, 6-8, 6-39, 6-40, 6-54 
updates, 6-56 

Registers 
DEC, B-7 
PowerPC implementation, 1-14 

reserved bits, B-2 
supervisor-level 

MSR,2-20 
SR,2-22 

supervisor-level SPRs 
BATs, 2-33 
DAR,2-27 
DEC, 2-28 
DSISR,2-27 
EAR,2-31 
HID Registers, 2-35 
PVR,2-33 
SDR1,2-29 
SPRGO-SPRG3, 2-31 
SRRO, 2-30 
SRR1,2-30 

user-level 
CR,2-11 
FPRO-FPR31, 2-6 
FPSCR,2-7 
GPRO-GPR31,2-6 

user-level SPRs 
CTR,2-19 
LR,2-18 
MQ,2-14 
RTC, 2-16 
XER,2-15 

Reserved instruction class, D-3 
Reset 

hard reset, 2-71, 5-17 
register state after reset, 2-71 
reset exception, 5-16 
soft reset, 2-72, 5-17 

Reset signals 
'I1R'rntT, 8-26, 9-48 
QUIESC_REQ, 8-28 
RESUME,8-27 
11SlW,8-28 
SC_DRIVE, 8-28 
~,8-27, 9-48 
SYS_QUlESC, 8-27 

RESUME, 8-27 
rfi, 10-148 
r1dcl, C-20 
rider, C-21 
r1dic, C-21 
rldicl, C-22 
rldicr, C-23 
r1dimi, C-23 
rlmi, 10-149 
r1wimi, 10-150 
r1winm, 10-151 
r1wnm, 10-152 
Rotate and shift operations, 3-18 
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Rounding, floating-point operations, 2-68 
rrib,1O-153 
'RmW, 8-28, 9-49 
RTC (real time clock) 

RTC facility, 2-16 
signal, 8-35 

Run mode exception, 5-48 

s 
sc, 5-47, 10-154 
SC DRIVE, 8-28 
SDR 1 (table search description) register 

format, 2-29, 6-44 
generation of PTEG addresses, 6-47,6-51 

Segment registers 
format, 2-22, 6-36, 6-60 
instructions, 6-37, B-6 
SR manipulation instructions, 3-89 
T-bit, 2-22, 6-34, 9-35 
updates, 2-24 

Segmented memory model, see Memory management 
unit 

mID,8-18 
Signals 

2X]CLK, 8-31 
AO-A31,8-7 
7ViCK,8-16 
Am!, 8-5, 9-8 
address arbitration, 9-8 
address transfer, 9-12 
address transfer attribute, 9-13 
APO-AP3, 8-8 
APE,8-9 
iiJ1TP.V, 8-17, 9-23 
BCOCrn, 8-32 
'00,8-4,9-8 
'911,8-4,9-8 
checkstop, 9-47 
CT,8-14 
CJ<STl5]N,8-25 
CKsTp_oOT,8-26 
configuration, 8-2 
CSEO-CSE2, 8-15, 9-27 
data arbitration, 9-8, 9-21 
data transfer termination, 9-23 
TI'9'S, 8-20, 9-8, 9-22 
T5ffij, 8-19, 9-8 
tmWQ, 8-19, 9-8, 9-50 
DHO-DH31/DLO-DL31, 8-21 
DPO-DP7,8-22 
twt,8-23 
mmw, 8-24, 9-23, 9-25 
ESP interface, 8-29 
m,8-15 
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Hp_SNP_REO, 8-16 
~,8-26 
TNT, 8-25, 9-47 
15CIJCEN,8-31 
QUIESC_REQ, 8-28 
reset, 9-48 
RESUME,8-27 
'RmW, 8-28, 9-49 
RTC (real time clock), 8-35 
SC_DRIVE, 8-28 
mID,8-18 
soft stop control, 9-48 
~, 8-27, 9-48 
SYS_OUlESC, 8-27 
TA, 8-23, 9-23 
mT, 8-13, 9-22 
TCO-TC1, 8-14, 9-17 
TEA, 8-24, 9-23, 9-25 
m,8-6 
TSIZO-TSIZ2, 8-12,9-14 
TTO-TT4, 8-10, 9-13 
wr,8-15 
~,8-6, 9-37 

Simplified mnemonics, 3-91 
Single-beat reads with data delays, timing, 9-32 
Single-beat transfer 

back-to-back, timing, 9-33 
reads with data delays, timing, 9-31 
reads, timing, 9-29 
termination, 9-23 
writes, timing, 9-30 

slbia, C-24 
slbie, C-25 
slbiex, C-26 
sid, C-26 
sle, 10-156 
sleq, 10-157 
sliq, 10-158 
slliq, 10-159 
s1lq, 10-160 
slq, 10-161 
slw, 10-162 
Snoop operation, 4-14, 7-25, 9-19 
Snoop status signals, 4-14 
Soft stop control signals, 9-48 
Split-bus transaction, 9-9 
SPR encodings, unimplemented in MPC601, C-I, C-3 
SPRGO-SPRG3 (general SPRs), 2-31 
SR (segment register), 2-22 
srad, C-27 
sradi, C-28 
sraiq, 10-164 
sraq, 10-163 
sraw, 10-165 
srawi,1O-166 
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srd, C-29 
sre, 10-167 
srea, 10-168 
sreq, 10-169 
m1ESET,8-27 
srIiq, 10-171 
srIq, 10-172 
srq, 10-173 
SRRO/SRR 1 (status save/restore registers), 2-30 
srw, 10-174 
Static branch prediction, 7-15 
stb,1O-175 
stbu, 10-176 
stbux, 10-177 
stbx, 10-178 
std, C-29 
stdcx., C-30 
stdu, C-31 
stdux, C-31 
stdx, C-32 
stfd, 10-179 
stfdu, 10-180 
stfdux, 10-181 
stfdx, 10-182 
stfiwx, C-32 
stfs, 10-183 
stfsu, 10-184 
stfsux, 10-185 
stfsx, 10-186 
sth, 10-187 
sthbrx, 10-188 
sthu, 10-189 
sthux, 10-190 
sthx, 10-191 
stmw, 10-192 
Store operations 

I/O operations to BUC, 9-39 
memory coherency actions, 4-14 
single-beat writes, 9-30 

stswi, 10-193 
stswx, 10-194 
stw, 10-195 
stwbrx, 10-196 
stwcx., 3-53, 10-197 
stwu, 10-198 
stwux, 10-199 
stwx, 10-200 
subf, 10-201 
subfc, 10-202 
subfe, 10-203 
subfic, 10-204 
subfme, 10-205 
subfze, 10-206 
Supervisor mode, see privilege levels 

INDEX 

sync, 3-53, 10-207 
sync operation, 4-15 
Synchronization 

context, 2-24 
memory synchronization instructions, 3-53 
sync, B-5 

Synchronous/precise exceptions, 5-6 
SYS_OUIESC, 8-27 
System call exception, 5-47 
System linkage instructions, 3-76 
System status 

T 

~,8-25 
CKsTp_oUT,8-26 
mtESET, 8-26 
1m,8-25 
QUIESC_REQ, 8-28 
RESUME,8-27 
'RSRV,8-28 
SC_DRIVE, 8-28 
'SRtStT,8-27 
SYS_OUiESC, 8-27 

TA, 8-23, 9-23 
Table search operations 

algorithm, 6-53 
hashing functions, 6-45 
page table definition, 6-43 
SDRI register, 6-44 
table search flow (primary and secondary), 6-54 

rem, 8-13, 9-22 
TCO-TCI signals, 8-14, 9-17 
td, C-33 
tdi, C-34 
!EA, 8-24, 9-25 
Termination, 9-18, 9-23 
Test signals, 8-30 
Timer facilities, B-7 
Timing diagrams, interface 

address transfer signals, 9-12 
back-to-back single-beat transfers, 9-33 
burst transfers with data delays, 9-34 
I/O controller interface load access, 9-46 
I/O controller interface store access, 9-47 
single-beat reads, 9-29 
single-beat reads with data delays, 9-31 
single-beat writes, 9-30 
single-beat writes with data delays, 9-32 
use of TEA, 9-35 
using uswcr, m 

Timing, instruction 
BPU execution timing, 7-14 
cache arbitration, 7-6 
cache hit, 7-7 
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cache miss, 7-8 
decode timing, 7-10 
FPU execution timing, 7-22 
instruction execute timing, 7-12 
IU execution timing, 7-19 
prefetch timing, 7-6 
writeback timing, 7-14 

TLB invalidate 
TLB invalidate broadcast operations, 6-14, 6-15, 

6-57 
TLB management instructions, 3-90 
tlbie instruction, 6-14, 6-15, 6-57 

tibia, C-34 
tlbie, 3-90, 10-208 
tlbie, POWER and Power PC, B-7 
tlbiex, C-35 
tlbsync, C-36 
tlbsync instruction emulation, 6-57 
TO operand, 3-78 
Transactions, cache, 4-5 
Transfer, 9-12, 9-22 
Trap instructions, 3-78 
m, 8-6, 9-12 
TSIZO-TSIZ2 signals, 8-12,9-14 
TTO-TT4, 8-10, 9-13 
tw, 10-210 
twi, 10-211 

u 
Unimplemented instructions in MPC601, C-l 
Use of TEA, timing, 9-35 
User instruction set architecture, 1-11 
User mode, see privilege levels 
Using IT9W(), timing, 9-50 
UTLB, 6-33, 6-39 

v 
Vector offset table, exception, 5-2,5-16 
Virtual address (52-bit) 

logical to virtual to physical address translation, 
6-35 

Virtual environment architecture, 1-11 
Virtual memory implementatien, 6-2 

W 
WIM bits, 4-7, 6-10, 6-16, 6-57, 6-61, 9-27 
Word compare mnemonics, 3-15 
Write with atomic operation, 4-15 
Write with flush operation, 4-i5 
Write with kill operation, 4-15 
Write-back mode, 6-17 
Writeback timing, 7-14 
Write-through (W bit), 6-10 
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Write-through mode (W bit) 
cache interactions, 4-7 
MMU (W-bit setting), 6-16, 6-57, 6-61 
timing considerations, 7-26 

Write-with-tlush operations, 4-13 
Wi, 8-15 

x 
IDS signal, 8-6, 9-37 
XER (integer exception register), 2-15 
xor, 10-212 
xori, 10-213 
xoris, 10-214 
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