
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































stbu Store Byte with Update stbu
POWER » 601 603 » PowerPC32/ 64
Operation:  Byte ((rA) + 'd) < 1S [22]]
rA & (rA) + d

Syntax: stbu rS,d(rA)

Condition Register/ Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stbu instruction stores the low-order byte of the source register rS into the
byte located at the effective address calculated from (rA) + *d.

After the store is performed, the effective address is stored in rA.

If r0 is specified as rA, then the instruction form is invalid. For POWER compat-
ibility, the 601 allows rA to specify r0, but the effective address is calculated from
*d, and r0 is not updated with the effective address.

Instruction Encoding;:
0 5 6 10 11 15 16 31
L0011 1] S A | d
S Source GPR 1S
A Source GPR rA
d Signed 16-bit displacement
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stbux store Byte with Update Indexed stbux

POWER e 601 ® 603 » PowerPC32/64
Operation:  Byte ((rA) + (rB)) < 1§ [£2]
rA < (rA) + (rB)

Syntax: stbux rS,rA,rB

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7:  not affected

XER: not affected

Description:
The stbux instruction stores the low-order byte of the source register rS into the
byte located at the effective address calculated from (rA) + (rB).

After the store is performed, the effective address is stored in rA.

If 10 is specified as rA, then the instruction form is invalid. For POWER compat-
ibility, the 601 allows rA to specify r0, but the effective address is calculated from
(rB), and r0 is not updated with the effective address.

Instruction Encoding:

0 5 6 10 11 15 16 20 21 30 31
(01111 1] S ( A | B fJoo1111011 1]0]
S Source GPR rS
A Source GPR rA
B Source GPR rB
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stbx Store Byte Indexed stbx

POWER e 601 ® 603 ® PowerPC32/64

Operation:  Byte ((rA10) + (rB)) < rS [23]]

Syntax: stbx rS,rA,rB

Condition Register/Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stbx instruction stores the low-order byte of the source register rS into the
byte located at the effective address calculated from (rA|0) + (rB).

Instruction Encoding:

0 5 6 10 11 15 16 20 21 30 31
01111 1] S | A | B [oo11010111]0]
S Source GPR 1S
A Source GPR rA
B Source GPR rB

Instruction Set Summary 589



Std Store Doubleword

PowerPC64
Operation: Doubleword((rA|0) + “(ds L b00)) < rS

Syntax: std rS,ds(rA)

Condition Register /Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:

std

The std instruction stores all 64 bits of the source register rS into the doubleword

located at the effective address calculated from (rA 10) + *(ds L b00).

This instruction exists on 64-bit PowerPC implementations only.

Instruction Encoding;:

0 5 6 10 11 15 16 29 30 31
1 11110] S | A [ ds 0 0]
S Source GPR 1S
A Source GPR rA
ds Signed 16-bit displacement
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StdCX. Store Doubleword StdCX.

Conditional Indexed
PowerPCé64

Operation:  if reservation on ((rA10) + (rB))
Doubleword((rA|0) + (rB)) < S
CR{0} =b001 L XER[SO]
else
CR{0} = b000 L XER[SO]

Syntax: stdcx. rS,rA,rB

Condition Register / Fixed-Point Exception Register:
CR Field 0: LT,GT,EQ,SO always updated
CR Fields 1-7: not affected

XER: not affected

Description:
If a reservation exists for the effective address calculated from (rA |10) + (rB), the
stdcx. instruction stores the doubleword in rS into memory starting at that effec-
tive address. After the store completes, the reservation is cleared.

If a reservation does not exist for this address, the stdcx. instruction does not
perform the store operation. A reservation can be placed using the ldarx instruc-
tion.

The calculated effective address must specify an aligned doubleword (i.e.: it
must be a multiple of 8). If the address does not specify an aligned doubleword,

the alignment exception handler may be invoked (if the load crosses a page
boundary), or the results may be boundedly undefined.

The EQ bit of CR field 0 is updated to indicate whether or not the store operation
was performed. This bit is set to 1 if the store was performed and 0 if it was not.
The SO bit of CR{0} is copied from XER[SO] and the remaining bits of the field
are cleared.

If the address references a direct-store storage segment, then a Data Storage inter-
rupt occurs or the results are boundedly undefined.

This instruction exists on 64-bit PowerPC implementations only.

Instruction Set Summary 591



Instruction Encoding:

0 5 6 10 11 15 16 20 21 30 31
01111 1] S | A [ B [001101011O0[1]
S Source GPR 1S
A Source GPR rA
B Source GPR rB
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stdu Store Doubleword with Update stdu

PowerPCé64
Operation: Doubleword ((rA) + *(ds L b00)) < rS
rA & (rA) + “(ds L b00)
Syntax: stdu rS,ds(rA)

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stdu instruction stores all 64 bits of the source register rS into the double-
word located at the effective address calculated from (rA) + “(ds L b00).
After the store is performed, the effective address is stored in rA.
If 10 is specified as rA, then the instruction form is invalid.

This instruction exists on 64-bit PowerPC implementations only.

Instruction Encoding;:
0 5 6 10 11 15 16 29 30 31
(11 1110] S | A | ds [0 1]
S Source GPR 1S
A Source GPRrA
ds Signed 16-bit displacement
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Stdux Store Doubleword Stdux

with Update Indexed
PowerPC64
Operation: Doubleword ((rA) + (rtB)) < rS
rA & (rA) + (rB)
Syntax: stdux rS,rArB

Condition Register /Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stdux instruction stores all 64 bits of the source register rS into the double-
word located at the effective address calculated from (rA) + (rB).

After the store is performed, the effective address is stored in rA.
If r0 is specified as rA, then the instruction form is invalid.

This instruction exists on 64-bit PowerPC implementations only.

Instruction Encoding:
0 5 6 10 11 15 16 20 21 30 31
01111 1] S | A | B [0010110101]0]
S Source GPR 1S
A Source GPR rA
B Source GPR rB
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Stdx Store Doubleword Indexed Stdx

PowerPCé64
Operation: Doubleword ((rA10) + (rB)) < 1S

Syntax: stdx rS,rA,rB

Condition Register/Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stdx instruction stores all 64 bits of the source register rS into the double-
word located at the effective address calculated from (rA|0) + (¢B).

This instruction exists on 64-bit PowerPC implementations only.

Instruction Encoding:
0 5 6 10 11 15 16 20 21 30 31
01111 1] S 1 A ] B 001001010 1]0]
S Source GPR rS
A Source GPR rA
B Source GPR rB
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stfd store Floating-Point Double-Precision Stf d

POWER ¢ 601 603 ® PowerPC32/64
Operation: FP-Double((rA 10) + d) < frS

Syntax: stfd frS,d(rA)

Condition Register/Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stfd instruction stores the 64-bit double-precision value from the source reg-
ister frS into the doubleword located at the effective address calculated from
(rA10)+ d.

This instruction affects neither the CR nor the XER.

Instruction Encoding;:

0 5 6 10 11 15 16 31
[110110] S | A | d
S Source FPR frS
A Source GPR rA
d Signed 16-bit displacement
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stfdu Store Floating-Point

Double-Precision with Update
POWER e 601 * 603 + PowerPC32/64

Operation:  FP-Double ((rA) + *d) < frS
rA< (rA)+d

Syntax: stfdu frS,d(rA)

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:

stfdu

The stfdu instruction stores the 64-bit double-precision value from the source
register frS into the doubleword located at the effective address calculated from

(rA) + d.

After the store is performed, the effective address is stored in rA.

If r0 is specified as rA, then the instruction form is invalid. For POWER compat-
ibility, the 601 allows rA to specify r0, but the effective address is calculated from

*d, and 0 is not updated with the effective address.

Instruction Encoding:
0 5 6 10 11 15 16 31
[T10111] S 1T A | d
S Source FPR frS
A Source GPR rA
d Signed 16-bit displacement
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stfdux store Floating-Point Double- stfdux

Precision with Update Indexed
POWER e 601 * 603 ® PowerPC32/64

Operation: FP-Double ((rA) + (rB)) < frS
rA & (rA) + (rB)
Syntax: stfdux frS,rA,rB

Condition Register/ Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stfdux instruction stores the 64-bit double-precision value from the source
register frS into the doubleword located at the effective address calculated from
(tA) + (rB).

After the store is performed, the effective address is stored in rA.

If r0 is specified as rA, then the instruction form is invalid. For POWER compat-
ibility, the 601 allows rA to specify r0, but the effective address is calculated from
(rB), and r0 is not updated with the effective address.

Instruction Encoding:

0 5 6 10 11 15 16 20 21 30 31
01111 1] S | A i B [1to11110111]0]
S Source FPR frS
A Source GPR rA
B Source GPR rB
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stfdx Store Floating-Point stfdx

Double-Precision Indexed
POWER o 601 * 603 » PowerPC32/ 64

Operation: FP-Double ((rA10) + (rB)) < frS
Syntax: stfdx frS,rA,rB

Condition Register /Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stfdx instruction stores the 64-bit double-precision value from the source
register frS into the doubleword located at the effective address calculated from

(tA10) + (£B).

Instruction Encoding;:
0 5 6 10 11 15 16 20 21 30 31
011 111] s [ A [ B [1011010111][0]
S Source FPR frS
A Source GPR rA
B Source GPR rB
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stfiwx Store Floating-Point stfiwx

as Integer Word
603 ® PowerPC32/64

Operation: Word ((rA 10) + (rB)) < frS[32:63]
Syntax: stfiwx frS,rA,rB

Condition Register/Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stfiwx instruction stores the low-order 32 bits of the frS into the word
addressed by ((rA | 0) + (rB)). No conversion of any sort is performed on the data
before it is stored.

If the value in frS was derived (either directly or indirectly) from any of the Load
Floating-Point Single-Precision instructions, any single-precision arithmetic
instruction, or the Floating-Point Round to Single-Precision instruction, then the
value stored in memory is undefined. This gives the designers of PowerPC pro-
cessors the option of changing the register storage format for single-precision
values.

This instruction is an optional part of the PowerPC architecture. It is part of the
Graphical group of optional instructions.

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 30 31
01111 1] S | A | B [T11101011 1]0]
S Source FPR frS
A Source GPR rA
B Source GPR rB
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Stfs Store Floating-Point Single-Precision
POWER o 601 * 603 « PowerPC32/64

Operation:  FP-Single ((rA10) + *d) < frS
Syntax: stfs frS,d(rA)

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:

stfs

The stfs instruction takes the 64-bit double-precision value from the source reg-
ister frS, converts it into a 32-bit single-precision value, and then stores it into the

word located at the effective address calculated from (rA10) + *d.

If the converted value does not fit in single-precision format, then the stored

value is undefined.

Instruction Encoding:

10 11 15 16

31

0 5 6
[110100] S { A | d

S Source FPR frS
A Source GPR rA
d Signed 16-bit displacement

Instruction Set Summary 601



stfsu Store Floating-Point

Single-Precision with Update
POWER e 601 + 603 » PowerPC32/64

Operation: FP-Single ((tA) + 'd) < frS
rA< (rA)+d

Syntax: stfsu frS,d(rA)

Condition Register /Fixed-Point Exception Register:

CR Fields 0-7: not affected
XER: not affected

Description:

stfsu

The stfsu instruction takes the 64-bit double-precision value from the source reg-
ister frS, converts it into a 32-bit single-precision value, and then stores it into the

word located at the effective address calculated from (rA) + “d.

After the store is performed, the effective address is stored in rA.

If r0 is specified as rA, then the instruction form is invalid. For POWER compat-
ibility, the 601 allows rA to specify r0, but the effective address is calculated from

*d, and r0 is not updated with the effective address.

If the converted value does not fit in single-precision format, then the stored

value is undefined.

Instruction Encoding:
0 5 6 10 11 15 16 31
11010 1] S | A | d
S Source FPR 1S
A Source GPR rA
d Signed 16-bit displacement
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stfsux  store Floating-Point Single- stfsux

Precision with Update Indexed
POWER » 601 * 603  PowerPC32/64
Operation: FP-Single ((rA) + (rB)) < frS
rA < (rA) + (rB)

Syntax: stfsux frS,rA,rB

Condition Register /Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stfsux instruction takes the 64-bit double-precision value from the source
register frS, converts it into a 32-bit single-precision value, and then stores it into
the word located at the effective address calculated from (rA) + (rB).

After the store is performed, the effective address is stored in rA.

If 10 is specified as rA, then the instruction form is invalid. For POWER compat-
ibility, the 601 allows rA to specify r0, but the effective address is calculated from
(rB), and r0 is not updated with the effective address.

If the converted value does not fit in single-precision format, then the stored
value is undefined.

Instruction Encoding;:
0 5 6 10 11 15 16 20 21 30 31
01111 1] S ( A | B [To10110111]0]
S Source FPR frS
A Source GPR rA
B Source GPR rB
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stfsx Store Floating-Point stfsx

Single-Precision Indexed
POWER o 601 » 603 * PowerPC32/64

Operation: FP-Single ((rA10) + (rB)) < frS
Syntax: stfsx frS,rA,rB

Condition Register /Fixed-Point Exception Register:
CR Fields 0-7:  not affected

XER: not affected

Description:
The stfsx instruction takes the 64-bit double-precision value from the source reg-
ister frS, converts it into a 32-bit single-precision value, and then stores it into the
word located at the effective address calculated from (rA10) + (B).

If the converted value does not fit in single-precision format, then the stored
value is undefined.

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 30 31
01111 1] S [ A | B 101001011 1]0]
S Source FPR {rS
A Source GPR rA
B Source GPR rB
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Sth Store Halfword Sth

POWER e 601 ® 603 ® PowerPC32/64

Operation:  Halfword((rA 10) + *d) < S [21]

Syntax: sth rS,d(rA)

Condition Register/Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The sth instruction stores the low-order 16 bits of the source register rS into the
halfword located at the effective address calculated from (rA0) + *d.

Instruction Encoding:

0 5 6 10 11 15 16 31
[101100] S | A | d
S Source GPR 1S
A Source GPR rA
d Signed 16-bit displacement
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Sthb rx Store Halfword Sthb rx

Byte-Reversed Indexed
POWER e 601 ¢ 603 ® PowerPC32/64

Operation: Halfword ((rA10) + (rB)) < rT[24:31] L rT[16:23]
Syntax: sthbrx rS,rA,1B

Condition Register /Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The sthbrx instruction takes the low-order halfword of the source register r§,
swaps the two bytes of this halfword, and then stores this byte-reversed halfword
into the memory halfword addressed by (rA10) + (rB).

For some PowerPC implementations, this byte-reversed store instruction may
have a greater latency than other store instructions.

Instruction Encoding;:
0 5 6 10 11 15 16 20 21 30 31
01111 1] S | A ] B [1110010110]0]
S Source GPR rS
A Source GPR rA
B Source GPR rB
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sthu Store Halfword with Update sthu
POWER o 601 » 603 ® PowerPC32/64
Operation:  Halfword ((rA) + *d) <15 [221]
rA & (tA) +°d

Syntax: sthu rS,d(rA)

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The sthu instruction stores the low-order 16 bits of the source register r§ into the
halfword located at the effective address calculated from (rA) + “d.

After the store is performed, the effective address is stored in rA.

If r0 is specified as rA, then the instruction form is invalid. For POWER compat-
ibility, the 601 allows rA to specify r0, but the effective address is calculated from
*d, and r0 is not updated with the effective address.

Instruction Encoding:
0 5 6 10 11 15 16 31
[To1101] S | A | d
S Source GPR 15
A Source GPR rA
d Signed 16-bit displacement
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sthux

Operation:

Syntax:

Store Halfword sthux

with Update Indexed
POWER e 601 ¢ 603 ® PowerPC32/64

Halfword ((rA) + (rB)) < 1S [163]
rA & (rA) + (tB)

sthux rS,rA,rB

Condition Register/Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER:

Description:

not affected

The sthux instruction stores the low-order 16 bits of the source register rS into
the halfword located at the effective address calculated from (rA) + (rB).

After the store is performed, the effective address is stored in rA.

If 10 is specified as rA, then the instruction form is invalid. For POWER compat-
ibility, the 601 allows rA to specify r0, but the effective address is calculated from
(rB), and r0 is not updated with the effective address.

Instruction Encoding;:

5 6 10 11 15 16 20 21 30 31

0

01111 1] S ] A | B [01 1011011 1]0]
S Source GPR rS
A Source GPR rA
B Source GPR rB
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Sthx Store Halfword Indexed Sthx

POWER ¢ 601 ¢ 603 e PowerPC32/64

Operation: Halfword ((rA10) + (rB)) < 1S [16_31]

48:63
Syntax: sthx r5,rArB

Condition Register /Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The sthx instruction stores the low-order 16 bits of the source register rS into the
halfword located at the effective address calculated from (rA |0) + (rB).

Instruction Encoding:

0 5 6 10 11 15 16 20 21 30 31
01 1111] S | A [ B [01 1001011 1]0]
S Source GPR 1S
A Source GPR rA
B Source GPR rB
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stmw Store Multiple Word stmw

POWER * 601 * 603 » PowerPC32/64
Operation: ea:=(rAl0)+°d
R:=T
while (R<31)

Word (ea) < 1R [5]
ea:=eqa+4
R=R+1

Syntax: stmw rS,d(rA)

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stmw instruction stores words from a set of GPRs into memory. The set of
GPRs starts with register rS and continues up to register r31. The address of the
first word to be stored is specified by the effective address calculated from
(rA10) + ‘d. Consecutive registers are stored in consecutive words from this
starting point.

On 64-bit PowerPC implementations, only the low-order word of each register
is stored into memory.

The calculated effective address must specify an aligned word (i.e., it must be a
multiple of 4). If the address does not specify an aligned word, the alignment
exception handler may be invoked (if the store crosses a page boundary), or the
results may be boundedly undefined.

The preferred form for this instruction is when the effective address and 1T are
chosen so that the low-order byte from r31 is stored into the last byte of an
aligned quadword in memory. It is possible that some PowerPC implementa-
tions will execute non-preferred forms more slowly than the preferred forms. On
future implementations, this instruction may execute more slowly than a series
of instructions that perform the same operation.

The archaic POWER mnemonic for this instruction is stm.
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Instruction Encoding;:

0 5 6 10 11 15 16 31
10111 1] S [ A | d |

S First source GPR 1S to store in memory
A Source GPR rA
d Signed 16-bit displacement
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stswi Store String Word Immediate stswi

POWER e 601 ® 603 ® PowerPC32/64

Operation:  store nBytes bytes from registers into memory
Syntax: stswi rS,rA,nBytes

Condition Register /Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stswi instruction stores bytes into memory from a set of GPRs. The number
of bytes (specified by the immediate nBytes value) are stored into memory start-
ing with the address calculated from (rA!0). The stored data comes from the
GPRs starting with rS and continuing up toward r31 for as many registers as are
needed to produce nBytes bytes. The register sequence wraps from r31 to r0 if
necessary.

The bytes from each register are stored starting with the leftmost byte in the low-
order word and continuing to the rightmost byte of the register. On 64-bit Pow-
erPC implementations, only the low-order word of each register is stored into
memory.

If 0 is specified for nBytes, then the number of bytes stored is 32.
The operation of this instruction can be summarized as follows:
ea = (rAl0)
R:=§-1
i=[3]
if(nBytes=0)
nBytes := 32
while(nBytes > 0)
if(i= [5])
R:=(R+1)%32
Byte(ea) < rR[i : (i+7)]
i=i+8
if(i = (1)
i= [3]
ea=ea+1
nBytes .= nBytes - 1
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The preferred form for this instruction is when the starting register r§5 is r5. It is
possible that some PowerPC implementations will execute non-preferred forms
more slowly than the preferred forms. Because of the complexity of this instruc-
tion, it is also possible that, on some implementations, this instruction may exe-
cute slower than a series of instructions that perform the same operation.

Executing this instruction when the processor is operating in little-endian byte-
order mode will cause the system alignment error handler to be invoked.

The archaic POWER mnemonic for this instruction is stsi.

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 30 31
01 1111] S | A | nByts [1011010101f0]
S First source GPR 1S to store in memory
A Source GPR rA
nBytes Number of bytes to store
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stswx Store String Word Indexed stswx

POWER ¢ 601 ¢ 603 ® PowerPC32/64

Operation:  store XER[25:31] bytes from registers into memory
Syntax: stswx rS,rA,rB

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stswx instruction stores bytes into memory from a set of GPRs. The number
of bytes (specified by bits 25 to 31 of the XER) are stored into memory starting
with the address calculated from (rA10). The stored data comes from the GPRs
starting with rS and continuing up toward r31 for as many registers as are
needed to produce the required number of bytes. The register sequence wraps
from 131 to r0 if necessary.

The bytes from each register are stored starting with the leftmost byte in the low-
order word and continuing to the rightmost byte of the register. On 64-bit Pow-
erPC implementations, only the low-order word of each register is stored into
memory.

The operation of this instruction can be summarized as follows:

ea = (rA|0)+(rB)

R=5§-1

nBytes := XER[25:31]

i (3]

while(nBytes > 0)
ifi= [3])

R:=[R+1)%32

Byte(ea) < tR[i : (i+7)]
i=1+8

ifi= [2])

i= 3]
ea=ea+1
nBytes == nBytes - 1

If XER[25:31] is 0, then no bytes are stored into memory.
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The preferred form for this instruction is when the starting register rS is r5 and
the total number of registers being loaded is less than or equal to 12. It is possible
that some PowerPC implementations will execute non-preferred forms more
slowly than the preferred forms. Because of the complexity of this instruction, it
is also possible that, on some implementations, this instruction may execute
slower than a series of instructions that perform the same operation.

Executing this instruction when the processor is operating in little-endian byte-
order mode will cause the system alignment error handler to be invoked.

The archaic POWER mnemonic for this instruction is stsx.

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 30 31
01111 1] S | A l B [1T010010101]0]
S Source GPR rS
A Source GPR rA
B Source GPR rB
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stw Store Word stw

POWER ¢ 601 ¢ 603 ® PowerPC32/64

Operation: ~ Word((rA |0) + d) < rS [%L]

Syntax: stw rS,d(rA)

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stw instruction stores the low-order 32 bits of the source register rS into the
word located at the effective address calculated from (rA10) + *d.

Instruction Encoding;:

0 5 6 10 11 15 16 31
(10010 0] S | A | d |
S Source GPR rS
A Source GPR rA
d

Signed 16-bit displacement
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Sth X Store Word Sthl'X

Byte-Reversed Indexed
POWER e 601 » 603 * PowerPC32/64

Operation: Word ((rA |0) + (rB))
< 1T[24:31] L rT[16:23] L rT[7:15] L rT[0:7]
Syntax: stwbrx 1S, rA,rB

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stwbrx instruction takes the low-order word of the source register rS,
reverses the four bytes of this word, and then stores this byte-reversed word into
the memory word addressed by (rA|0) + (rB).

For some PowerPC implementations, this byte-reversed store instruction may
have a greater latency than other store instructions.

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 30 31
01111 1] S | A | B 10100101 10]0]
S Source GPR rS
A Source GPR rA
B Source GPR rB
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StWCX. Store Word Conditional Indexed StWCX.

POWER ¢ 601 ¢ 603 ¢ PowerPC32/64

Operation:  if reservation on ((rA10) + (rB))
Word((rA10) + (rB)) < 1S
CR{0} = b001 L XER[SO]
else
CR{0} =b000 L XER[SO]

Syntax: stwex. rS,rA,rB

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
If a reservation exists for the effective address calculated from (rA | 0) + (rB), the
stwex. instruction stores the word in rS into memory starting at that effective
address. After the store completes, the reservation is cleared.

If a reservation does not exist for this address, the stwex. instruction does not
perform the store operation. A reservation can be placed using the Iwarx instruc-
tion.

The calculated effective address must specify an aligned word (i.e.: it must be a
multiple of 4). If the address does not specify an aligned word, the alignment
exception handler may be invoked (if the load crosses a page boundary), or the
results may be boundedly undefined.

The EQ bit of CR field 0 is updated to indicate whether or not the store operation
was performed. This bit is set to 1 if the store was performed and 0 if it was not.
The SO bit of CR{0} is copied from XER[SO] and the remaining bits of the field
are cleared.

If the address references a direct-store storage segment, then a Data Storage inter-
rupt occurs or the results are boundedly undefined.

Instruction Encoding:

0 5 6 10 11 15 16 20 21 30 31
(01111 1] S A | B [oo10010110]1]

S Source GPR rS
A Source GPR rA
B Source GPR rB
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stwu Store Word with Update stwu
POWER ¢ 601 ¢ 603 ® PowerPC32/64
Operation:  Word ((rA) + 'd) & 1S [ 2]
rA< (rA)+d

Syntax: stwu rS,d(rA)

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stwu instruction stores the low-order 32 bits of the source register rS into the
word located at the effective address calculated from (rA) + d.

After the store is performed, the effective address is stored in rA.

If r0 is specified as rA, then the instruction form is invalid. For POWER compat-
ibility, the 601 allows rA to specify r0, but the effective address is calculated from
*d, and r0 is not updated with the effective address.

Instruction Encoding:

0 5 6 10 11 15 16 31
10010 1] S i A [ d ]
S Source GPR rS
A Source GPR rA
d Signed 16-bit displacement
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StWUX Store Word with Update Indexed StWUX
POWER * 601 » 603 » PowerPC32/64
Operation:  Word ((rA10) + (rB)) & 1S5 [ 2]
rA &< (rA) + (rB)

Syntax: stwux rS,rA,rB

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The stwux instruction stores the low-order 32 bits of the source register rS into
the word located at the effective address calculated from (rA | 0) + (rB).

After the store is performed, the effective address is stored in rA.

If r0 is specified as rA, then the instruction form is invalid. For POWER compat-
ibility, the 601 allows rA to specify r0, but the effective address is calculated from
(rB), and r0 is not updated with the effective address.

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 30 31
01111 1] S 1 A | B [00o10110111]0]
S Source GPR 1S
A Source GPR rA
B Source GPR rB
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stwx Store Word Indexed stwx

POWER ¢ 601 ¢ 603 ® PowerPC32/64

Operation: Word ((rA10) + (rB)) < 1S [302——3—613]

Syntax: stwx rS,rA,rB

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7:  not affected

XER: not affected

Description:
The stwx instruction stores the low-order 32 bits of the source register rS into the
word located at the effective address calculated from (rA|10) + (rB).

Instruction Encoding;:
0 5 6 10 11 15 16 20 21 30 31
01 1111] S | A | B 001001011 1]0]
S Source GPR rS
A Source GPR rA
B Source GPR rB
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Subf Subtract From Sllbf

POWER e 601 ® 603 ® PowerPC32/64

Operation: 1T < (rB) - (rA)

Syntax: subf rT,rA,rB (Rc=0,0OE=0)
subf. rT,rA,rB (Rc=1,OE=0)
subfo rT,rA,rB (Rc=0,0E=1)
subfo. rT,rA,rB (Rc=1,0E=1)

Condition Register /Fixed-Point Exception Register:
CR Field 0: LT,GT,EQ,SO updated if Rc = 1, otherwise not affected
CR Fields 1-7: not affected

XER[CA]: not affected
XER[OV,SO]:  updated if OE=1, otherwise not affected

Description:
The subf instruction subtracts the contents of GPR rA from GPR B and places
the result in GPR rT. The operation treats the operand values as signed quanti-
ties.

Extended Forms:
There is one extended form for the subf instruction which rearranges the
operands into a more natural order.
sub[o][.] rTrA,xB is equivalent to  subf[o][.] rT,tB,rA

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 22 30 31
011 111] T [ A ] B [oE[0 0 0 10100 O[]
T Target GPR rT where result of operation is stored
A Source GPR rA
B Source GPR rB
OE Overflow Exception bit
Rc Record bit
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subfc Subtract From Carrying subfc

POWER ¢ 601 * 603 » PowerPC32/64

Operation: 1T « (rB) - (rA)

Syntax: subfc rT,xrAxB (Rc=0,0E=0)
subfc. rT,rA,xB (Rc=1,0E =0)
subfco rT,rA,rB (Rc=0,0E=1)
subfco. rTrA,rB (Rc=1,0E=1)

Condition Register / Fixed-Point Exception Register:
CR Field 0: LT,GT,EQ,SO updated if Rc = 1, otherwise not affected
CR Fields 1-7: not affected

XER[CA]: alWays updated
XER[OV,SO]:  updated if OE=1, otherwise not affected

Description:
The subfc instruction subtracts the contents of GPR rA from GPR rB and places
the result in GPR rT, updating the Carry bit of the XER. The operation treats the
operand values as signed quantities.

The archaic POWER mnemonic for this instruction is sf[o][.].

Extended Forms:
There is one extended form for the subfc instruction which rearranges the
operands into a more natural order.
subc[o][.] rT,rArB is equivalent to  subfc[o][.JrT,rB,rA

Instruction Encoding:

0 5 6 10 11 15 16 20 21 22 30 31
0111 11] T | A | B [0 0000100 O[]
T Target GPR 1T where result of operation is stored
A Source GPR rA
B Source GPR rB
OE Overflow Exception bit
Rc Record bit
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| Sub fe Subtract From Extended Sub f e

POWER ¢ 601 ¢ 603 ® PowerPC32/64
Operation: 1T < (tB) - (tA) + XER[CA] - 1

Syntax: subfe rT,rA,rB (Rc=0, OE =0)
subfe. rT,rA,rB (Rc=1,0E =0)
subfeo rT,rA,rB (Rc=0,0E=1)
subfeo.  rT,rA,rB (Rc=1,0E=1)

Condition Register / Fixed-Point Exception Register:
CR Field 0: LT,GT,EQ,SO updated if Rc = 1, otherwise not affected
CR Fields 1-7:  not affected

XER[CA]: always updated
XER[OV,SO]:  updated if OE=1, otherwise not affected

Description:
The subfe instruction subtracts the contents of GPR rA from GPR 1B, adds the
modified Carry bit (XER[CA]-1) of the XER, and then places the result in GPR 1T,
updating the Carry bit. The operation treats the operand values as signed quan-
tities.

The archaic POWER mnemonic for this instruction is sfe[o][.].

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 22 30 31
01111 1] T ] A 1 B [oE[0 1 0001 00 0]Re|
T Target GPR rT where result of operation is stored
A Source GPR rA
B Source GPR rB
OE Overflow Exception bit
Rc Record bit

624 Appendix A



subfic subtract From Immediate Carrying subfic

POWER e 601 ¢ 603 ® PowerPC32/64
Operation: 1T < 's16 - (rA)
Syntax: subfic rT,rA,s16

Condition Register /Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER[CA]: always updated
XER[OV,SO]:  not affected

Description:
The subfic instruction subtracts the contents of GPR rA from the 32-bit sign-
extended quantity specified by s16, and places the result in GPR rT, updating the
Carry bit.

The archaic POWER mnemonic for this instruction is sfi[.].

Instruction Encoding;:

0 5 6 10 11 15 16 31
[001000] T | A ] SI j
T Target GPR rT where result of operation is stored
A Source GPRrA or 0
SI Signed 16-bit integer
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Sllb f me Subtract From Sllb fme

Minus One Extended
POWER e 601 ¢ 603 ® PowerPC32/64

Operation: 1T < -1- (rA) + XER[CA] -1

Syntax: subfme rTrA (Rc=0, OE =0)
subfme. rTrA (Rc=1,0OE=0)
subfmeo rTrA (Re=0,0E=1)
subfmeo. rTrA (Rc=1,0E=1)

Condition Register/ Fixed-Point Exception Register:
CR Field 0: LT,GT,EQ,SO updated if Rc = 1, otherwise not affected
CR Fields 1-7: not affected

XER[CA]: always updated
XER[OV,SO]:  updated if OE=1, otherwise not affected

Description:
The subfme instruction subtracts the contents of GPR rA from -1 (OXFFFFFFFF),
adds the modified Carry bit (XER[CA]-1), and then places the result in GPR rT,
updating the Carry bit in the XER.

The archaic POWER mnemonic for this instruction is sfme[o][.].

Instruction Encoding:

0 5 6 . 10 11 15 16 20 21 22 30 31
o1i1111] T | A [00000JcE01110100 0]k
T Target GPR rT where result of operation is stored
A Source GPR rA
OE Overflow Exception bit
Rc Record bit
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Sllb fze Subtract From Zero Extended Sllb fze

POWER e 601 ¢ 603 ® PowerPC32/64
Operation: 1T <=0 - (rA) + XER[CA] -1

Syntax: subfze rT,rA (Rc=0, OE =0)
subfze. rT,rA (Re=1,0E=0)
subfzeo rTrA (Rc=0,0E=1)
subfzeo. rTrA (Re=1,0E=1)

Condition Register /Fixed-Point Exception Register:
CR Field 0: LT,GT,EQ,SO updated if Rc = 1, otherwise not affected
CR Fields 1-7:  not affected

XER[CA]: always updated
XER[OV,SO]:  updated if OE=1, otherwise not affected

Description:
The subfze instruction subtracts the contents of GPR rA from 0, adds the modi-
fied Carry bit (XER[CA]-1), and then places the result in GPR rT, updating the
Carry bit in the XER.

The archaic POWER mnemonic for this instruction is sfze[o][.].

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 22 30 31
01111 1] T [ A J0000O0JE01 100100 0r]
T Target GPR 1T where result of operation is stored
A Source GPRrA
OE Overflow Exception bit
Rc Record bit
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sync Synchronize sync

POWER ¢ 601 ® 603  PowerPC32/64
Operation:  wait for all previous instructions to complete
Syntax: sync
Condition Register/Fixed-Point Exception Register:
CR Fields 0-7: not affected
XER: not affected

Description:
The sync instruction forces the processor to wait until all of the previous instruc-
tions appear to have been completed before initiating the execution of any sub-
sequent instruction.

It is only through the use of the sync instruction that a program can be ensured
that the effects of all storage accesses have been completed with respect to all
other processors and storage access mechanisms.

This instruction is execution synchronizing.

The archaic POWER mnemonic for this instruction is dcs.

- Instruction Encoding;:

0 5 6 10 11 15 16 20 21 30 31
[011111/00000[00000/00000[10010107110][0]
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td Trap Doubleword td

PowerPC64
Operation:  if (condition is TRUE)
invoke trap handler
Syntax: td TO,rA,rB

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected
Description:

The td instruction compares the contents of the two source registers rA and rB
and invokes the system trap handler if the condition specified by TO is true.

The Trap On (TO) field of the instruction determines the conditions under which
the trap is generated. The TO field may be anyone of the following values:

TO
signed unsigned Action
<[> <>
01]o0 0 | 1 [ trap iflogically greater than
0]0 1 | 0 | trapiflogically less than
0|0 0 | 0 | trapifequal

trap if logically greater than or equal
trap if logically not less than

trap if logically less than or equal
trap if logically not greater than

0| 1| 0| 0| O |trapifgreater than

trap if greater than or equal
oyt popo trap if not less than
1 10| 0| 01| 0 |[trapiflessthan

trap if less than or equal
1 0 1 0 0 trap if not greater than

1] 1[0/ 0| 0 |trapifnotequal

This instruction exists on 64-bit PowerPC implementations only.
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Extended Forms:
The following extended forms are defined for the td instruction.

tdeq rA,rB is equivalent to  td 4,rArB
tdge rArB is equivalentto  td 12,rAxB
tdgt rA,rB isequivalentto td 8,rA,rB
tdle rArB isequivalentto td 20,rA,rB
tdlge rA,1B isequivalentto  td 5,rA,;rB
tdlgt rA,rB is equivalent to  td 1,rAxB
tdlle rA,rB is equivalent to  td 6,rA,rB
tdllt rA,1B is equivalent to  td 2,rA,rB
tdlng rA,rB is equivalent to  td 6,rA,rB
tdinl rA1B is equivalent to  td 5,rArB
tdlt rA,rB is equivalent to  td 16,rA,rB
tdne rA,rB isequivalentto td 24,rA,rB
tdng rA;rB is equivalent to  td 20,rAxB
tdnl rA,rB is equivalent to  td 12,rA,rB
Instruction Encoding;:
0 5 6 10 11 15 16 20 21 30 31
(01111 1] TO [ A ] B [0001000100]0]

TO Trap-On condition

A Source GPR rA

B Source GPR rB
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tdi Trap Doubleword Immediate tdi

PowerPC64

Operation:  if (condition is TRUE)
invoke trap handler

Syntax: tdi TO,rA,s16

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7:  not affected

XER: not affected

Description:
The tdi instruction compares the contents of the source register rA and the sign-
extended immediate value s16 and invokes the system trap handler if the condi-
tion specified by TO is true.

The Trap On (TO) field of the instruction determines the conditions under which
the trap is generated. The TO field may be anyone of the following values:

TO
signed unsigned Action
<[> | [ <[>
0 0 0 0 1 | trap if logically greater than
0[O0 0| 1] 0| trapiflogically less than
0| 0| 1|0 | 0 |trapifequal

trap if logically greater than or equal
trap if logically not less than

trap if logically less than or equal
trap if logically not greater than

0 | 1|0 | 0| O |trapifgreaterthan

trap if greater than or equal
trap if not less than

10| 0] 0] 0 |trapiflessthan

trap if less than or equal
trap if not greater than

1 1 0 [ 0 | 0 |trapifnotequal

This instruction exists on 64-bit PowerPC implementations only.
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Extended Forms:

The following extended forms are defined for the tdi instruction.

tdeqi rA,s16 is equivalentto  tdi 4,rA,s16
tdgei rA,s16 isequivalentto  tdi 12,rA,s16
tdgti rA,s16 isequivalent to  tdi 8,1A,516
tdlei rA,s16 is equivalentto  tdi 20,rA,s16
tdlgei rA,sl6 isequivalentto  tdi 5,rA,s16
tdlgti rA,s16 isequivalentto  tdi 1,rA,s16
tdllei rA,slé isequivalent to  tdi 6,rA,s16
tdllti rA,s16 isequivalentto  tdi 2,rA,s16
tdingi 1A,516 isequivalentto  tdi 6,tA,s16
tdInli rA,s16 is equivalent to  tdi 51A,s16
tdlti rA,slé is equivalent to  tdi 16,rA,s16
tdnei rA,s16 is equivalent to  tdi 24,rA,s16
tdngi 1A,s16 is equivalent to  tdi 20,rA,s16
tdnli rA,sl6 isequivalent to  tdi 12,rA,s16
Instruction Encoding:
0 5 6 10 11 15 16 31
(00001 0] TO A | SI

TO
A
SI
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tlbia TLB Invalidate All tlbia

603 ® PowerPC32/64

Operation: invalidate all TLB entries
Syntax: tlbia

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The tlbia instruction invalidates all of the entries currently in the TLB, regardless

of the current setting of the instruction and data translation bits in the MSR
(MSR[IT] and MSR[DT].

This is a supervisor-level instruction.

Instruction Encoding:

10 11 15 16 20 21 30 31

0 5 6
[011111[/00000[00000/00000[0101110071 0][0]
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tlbie TLB Invalidate Entry tlbie

POWER e 601 ¢ 603 ® PowerPC32/64

Operation:  invalidate the specified TLB entry
Syntax: tlbie rB

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The tlbie instruction invalidates the TLB entry which corresponds to the effec-
tive address stored in rB. The invalidation is performed regardless of the current

setting of the instruction and data translation bits in the MSR (MSR[IT] and
MSR[DT].

This is a supervisor-level instruction.

The archaic POWER mnemonic for this instruction is tlbi.

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 30 31
[011111[00000[00000] B [01 0011001 0]0]
B Source GPR rB
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tlb sync TLB Synchronize tlb sync

603 ¢ PowerPC32/64

Operation:  wait until all previous TLB instructions complete
Syntax: tlbsync

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The tIbsync instruction waits until all of the previous TLB instructions (tIbia and
tibie) have completed execution on this and all other processors.

This is a supervisor-level instruction.

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 30 31
[011111/00000[00000/00000[1000110110]0]
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tw Trap Word tw

POWER o 601 » 603 ® PowerPC32/64
Operation:  if (condition is TRUE)
invoke trap handler

Syntax: tw TO,rArB

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7:  not affected

XER: not affected

Description:
The tw instruction compares the contents of the two source registers rA and rB
and invokes the system trap handler if the condition specified by TO is true.

The Trap On (TO) field of the instruction determines the conditions under which
the trap is generated. The TO field may be anyone of the following values:

TO
signed unsigned Action
<[> " [<[>
0| o0 0 | 1 [ trap iflogically greater than
01| o0 1 | 0 | trap iflogically less than
0| o 0 | 0 | trapifequal

trap if logically greater than or equal
trap if logically not less than

trap if logically less than or equal
trap if logically not greater than

0| 1| 0| 0| 0 |trapif greater than

trap if greater than or equal
trap if not less than

1|10 | 0| 0| 0 |trapiflessthan

trap if less than or equal
trap if not greater than

1 1 0 | 0 | O |trapifnotequal
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Extended Forms:
The following extended forms are defined for the tw instruction.

trap isequivalentto tw 31,10,x0

tweq rA,rB isequivalent to tw 4,rArB

twge rA,rB isequivalentto tw 12,rA,rB

twgt rA,rB isequivalent to tw 8,rArB

twle rA,rB is equivalent to  tw 20,rA,rB

twlge rA,rB isequivalent to tw 5,rA,rB

twlgt rArB isequivalent to tw 1,rArB

twlle rArB is equivalentto tw 6,rA,rB

twllt rA,rB is equivalentto  tw 2,rA,rB

twing rA,rB isequivalentto tw 6,rA,rB

twinl rA,rB isequivalent to  tw 5,rA,rB

twlt rA,rB isequivalent to  tw 16,rArB

twne rA,rB isequivalentto tw 24,rA,xB

twng rArB is equivalent to  tw 20,rA,rB

twnl rA,rB isequivalentto tw 12,rA,rB
Instruction Encoding:

0 5 6 10 11 15 16 20 21 30 31

(01 1111] TO ] A | B [0000000T100]0]

TO
A
B

Trap-On condition
Source GPR rA
Source GPR rB
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twi Trap Word Immediate twi

POWER ¢ 601 ¢ 603 ® PowerPC32/64

Operation: if (condition is TRUE)
invoke trap handler

Syntax: twi TO,rA,s16

Condition Register/Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The twi instruction compares the contents of the source register rA and the sign-
extended immediate value s16 and invokes the system trap handler if the condi-
tion specified by TO is true.

The Trap On (TO) field of the instruction determines the conditions under which
the trap is generated. The TO field may be anyone of the following values:

TO
signed unsigned Action
<[> " [ <>
0|0 0 | 1 | trap iflogically greater than
00 1 | 0 | trap iflogically less than
0 0 0 0 | trap if equal

trap if logically greater than or equal
trap if logically not less than

trap if logically less than or equal
trap if logically not greater than

01| 0] 0| 0 | trapif greater than

trap if greater than or equal
trap if not less than

1 {0 ]| 0] 0| 0 |trapiflessthan

trap if less than or equal
trap if not greater than

1 1 0 | 0 | 0 |trapifnotequal
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Extended Forms:

The following extended forms are defined for the twi instruction.

tweqi rA,s16 is equivalent to  twi 4,rA,s16
twgei rA,s16 isequivalentto  twi 12,1A,s16
twgti rA,s16 is equivalent to i 8,1A,s16
twlei rA,s16 isequivalentto twi 20,rA,516
twlgei rA,s16 isequivalentto  twi 5,rA,s16
twlgti rA,s16 is equivalent to i 1,rA,s16
twllei rA,s16 isequivalentto  twi 6,rA,s16
twllti rA,s16 isequivalentto  twi 2,rA,s16
twingi rA,s16 isequivalentto twi 6,rA,s16
twinli rA,s16 is equivalentto  twi 51A,s16
twlti rA,sl6 isequivalent to  twi 16,rA,s16
twnei rA,s16 isequivalentto twi 24,rA,s16
twngi rA,s16 isequivalent to  twi 20,rA,s16
twnli rA,sl6 isequivalentto twi 12,rA,s16

Instruction Encoding;:

0 5 6 10 11 15 16 31
(00001 1] TO | A | SI

TO
A
SI

Trap-On condition

Source GPRrA

Signed 16-bit integer
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XO0r XOR XO0r

POWER o 601 * 603 » PowerPC32/64
Operation: rA < (rS) @ (rB)

Syntax: xor rA,rS,tB (Rc=0)
XOr. rA,rS,rB (Rc=1)

Condition Register /Fixed-Point Exception Register:
CR Field 0: LT,GT,EQ,SO updated if Rc = 1, otherwise not affected
CR Fields 1-7:  not affected

XER: not affected

Description:

The xor instruction logically XORs the contents of GPR rS and GPR rB and
places the result in GPR rA.

Instruction Encoding;:

0 5 6 10 11 15 16 20 21 30 31
01111 1] S ] A | B [0100111100]r]
S Source GPR rS
A Target GPR rA where result of operation is stored
B Source GPR rB
Rc Record bit
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XOl'i XOR Immediate Xori

POWER o 601 ¢ 603 » PowerPC32/64
Operation: rA < (rS) @ °ul6
Syntax: xori rA,rS,ulé

Condition Register / Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The xori instruction logically XORs the contents of GPR rS and the value calcu-
lated by zero-extending u16, and places the result in GPR rA.

The archaic POWER mnemonic for this instruction is xoril. (XOR Immediate
Lower).

Instruction Encoding:

0 5 6 10 11 15 16 31
01 1010] s ] A B Ul
S Source GPR 1S
A Target GPR rA where result of operation is stored
Ul Unsigned 16-bit integer
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XOris XOR Immediate Shifted XOris

POWER ¢ 601 * 603 » PowerPC32/64
Operation: 1A < (r5) @ *(u16 L 0x0000)

Syntax: XOris rA,rS,ulé

Condition Register/Fixed-Point Exception Register:
CR Fields 0-7: not affected

XER: not affected

Description:
The xoris. instruction logically XORs the contents of GPR rS and the value calcu-
lated by concatenating u16 with 0x0000, and places the result in GPR rA.

The archaic POWER mnemonic for this instruction is xoriu. (XOR Immediate
Upper).

Instruction Encoding:
0 5 6 10 11 15 16 31
01101 1] S | A | Ul
S Source GPR 1S
A Target GPR rA where result of operation is stored
Ul Unsigned 16-bit integer

642 Appendix A



Complete List of
Mnemonics

This appendix provides a complete list of the mnemonics for all of the instruc-
tions and extended instructions for the POWER and PowerPC processors. This
list includes the archaic forms for the POWER mnemonics.

This list is presented in alphabetic order according to the base mnemonic. This
means that some mnemonics may appear to be out of order, for example, the
instruction addo is not found between addme[o][.] and addze[o][.] entries
because it is considered a standard extension to the base mnemonic add[o][.].

VA N A

Standard mnemonic extensions are: “.’, ‘a’, ‘o', and ‘1’.

£“"_
3

Lines that have a “+” prefix are the standard or preferred instructions for the
PowerPC. Lines without a “+” prefix are either archaic mnemonics for valid
instructions or obsolete instructions. The mnemonic description will note which
case is applicable. The archaic and obsolete forms are included for completeness
and historical reasons only; use of the archaic forms is strongly discouraged.

Lines that have a “32+” prefix are defined only for 32-bit implementations of the
PowerPC. They will cause an illegal instruction exception on 64-bit implementa-
tions.
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Lines that have a “6¢+” prefix are defined only for 64-bit implementations of the
PowerPC. They will cause an illegal instruction exception on 32-bit implementa-
tions.

Lines that have a “7 +” prefix are defined as being optional PowerPC instructions.
A PowerPC processor may or may not have these instructions defined. Note that
some optional instructions are defined for 64-bit implementations only.
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a[o][.]
abs[o][.]
add[o][.]
addclo][.]
adde[o][.]
addi
addic].]
addis
addme]o][.]
addzelo][.]
aelo][.]
ail.]
ame[o][.]
and[.]
andc].]

andi.
andil.

andis.
andiu.

azefo][.]

b[1][a]

bbf[1][a]

bbfc[l]

bbfr[l]

bbt[1][a]

bbtc[l]

bbtr[l]

befl]fa]

rT,rA,rB Add
archaic form for: addc[o][.] rT,rA,rB

rT,rA Absolute Value
This instruction exists on POWER and the 601 only.
rT,rA,rB Add (without updating Carry)
rT,xrA,rB Add Carrying
rT,rA,rB Add Extended
rT,rA,slé6 Add Immediate
rT,rA,s16 Add Immediate Carrying
rT,rA,sl6 Add Immediate Shifted
rT,rA Add to Minus One Extended
rT,rA Add to Zero Extended
rT,rA,rB Add Extended
archaic form for: adde[o][.] rT,rA,rB
rT,rA,sl6 Add Immediate
archaic form for: addic[.] rT,rA,slé6
rT,rA Add to Minus One Extended
archaic form for: addme[o][.] rT,rA
rA,rS,rB AND
rA,rS,rB AND with Complement
rA,rS,ulé6 AND Immediate
rA,rS,ulé AND Immediate Lower
archaic form for: andi. rA,rS,ulé
rA,xrS,ulé6 AND Immediate Shifted
rA,rS,ul6 AND Immediate Upper
archaic form for: andis. rA,rS,ul6
rT,rA Add to Zero Extended
archaic form for: addze[o][.] rT,rA
addr Branch
crbT , addr Branch if CR Bit False

archaic form for: bf[1][a] crbT,addr
equivalent to: bc[1][a] 0x04,crbT, addr

crbT , addr Branch if CR Bit False to CTR
archaic form for: bfctr[l][a] crbT
equivalent to: becctr[l] 0x04,crbT

crbT , addr Branch if CR Bit False to LR
archaic form for: b£1r[1] crbT
equivalent to: be1lr[l] 0x04,crbT

crbT , addr Branch if CR Bit True
archaic form for: bt[1][a] crbT, addr
equivalent to: be[1][a] 0x0C, crbT, addr

crbT , addr Branch if CR Bit True to CTR
archaic form for: btctr[l][a] crbT
equivalent to: bcctr[l] 0x0C,crbT

crbT , addr Branch if CR Bit True to LR
archaic form for: bt1x[1] crbT
equivalent to: bc1r[1] 0x0C,crbT

branchOn, crbT ,addr  Branch Conditional
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bece[l]

» becectr[l]
e bclr[l]
ber[l]

e betr[l]

bdn[1][a]

bdneq

bdnge

bdngt

bdnle

bdnlt

bdnne

bdnns

bdnr[1]

bdnso

« bdnz[1][a]

branchOn , crbT Branch Conditional to CTR
archaic form for: bcctr[1] BO,crbT

branchOn, crbT Branch Conditional to CTR
branchOn , crbT Branch Conditional to LR
branchOn , crbT Branch Conditional to LR

archaic form for: bc1lr[1] BO,crbT
Branch Unconditionally to CTR
equivalent to: bcctr[l] 0x14,0
addr Branch if Decremented CTR is Non-zero
archaic form for: bdnz[1][a] addr
equivalent to: bc[1][a] 0x10,0,addr
cxT,addr Branch if Decremented CTR is Non-Zero and
Equal
archaic form for: bdnzt (crT*4)+2,addr
equivalent to: bc 0x08, (cxT*4)+2,addr
cxT,addr Branch if Decremented CTR is Non-Zero and
Greater Than or Equal
archaic form for: bdnzf (crT*4)+0,addr
equivalent to:bc 0x00, (cxT*4)+0,addr
crT ,addr Branch if Decremented CTR is Non-Zero and
Greater Than
archaic form for: bdnzt (crT+*4)+1,addr
equivalent to:bc 0x08, (cxT*4)+1,addr
cxT,addr Branch if Decremented CTR is Non-Zero and
Less Than or Equal
archaic form for: bdnzf (crT*4)+1,addr
equivalent to: bc 0x00, (cxT*4)+1,addr
cxT,addr Branch if Decremented CTR is Non-Zero and
Less Than
archaic form for: bdnzt (crT+*4)+0,addr
equivalent to:bc 0x08, (crT*4)+0,addr
crT,addr Branch if Decremented CTR is Non-Zero and
Not Equal
archaic form for: bdnzf (crT*4)+2,addr
equivalent to:bc 0x00, (cxT*4)+2,addr
crT,addr Branch if Decremented CTR is Non-Zero and
Not Summary Overflow '
archaic form for: bdnzf (crT*4)+3,addr
equivalent to:bc 0x00, (cxT*4)+3,addr
Branch if Decremented CTR is Not Zero to LR
archaic form for: bdnz1r[1]
equivalent to: bc1r[1l] 0x10,0
crT,addr Branch if Decremented CTR is Non-Zero and
Summary Overflow
archaic form for: bdnzt (crT*4)+3,addr
equivalent to:bc 0x08, (cxT*4)+3,addr
addr Branch if Decremented CTR is Not Zero
equivalent to: bc[1][a] 0x10,0 ,addr
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o bdnzf[l][a] crbT,addr Branch if Decremented CTR is Not Zero and

Condition False
equivalent to: bc[1][a] 0x00,crbT, addr
e« bdnzflr[l] crbT Branch if Decremented CTR is Not Zero and
Condition False to LR

e bdnzlr[1]

equivalent to: bclr[1l] 0x00,crbT
’ Branch if Decremented CTR is Not Zero to LR
equivalent to: bclr[1l] 0x10,0

o bdnzt[l][a] crbT,addr Branch if Decremented CTR is Not Zero and
Condition True
equivalent to: be[1][a] 0x08,crbT, addr
e bdnztlr[l] crbT Branch if Decremented CTR is Not Zero and
Condition True to LR
equivalent to: bclr[1l] 0x08,crbT
« bdz[1][a] addr Branch if Decremented CTR is Zero
equivalent to: bc[1][a] 0x12,0,addr
bdzeq crT ,addr Branch if Decremented CTR is Zero and Equal
archaic form for: bdzt (crT*4)+2,addr
equivalent to:bc 0xO0A, (crT*4)+2,addr
o bdzf[ll[a] crbT,addr Branch if Decremented CTR is Zero and
Condition False
equivalent to: be[1][a] 0x02,crbT, addr
e bdzflr[l] crbT " Branch if Decremented CTR is Zero and
Condition False to LR
equivalent to: beclr[1l] 0x02,crbT
bdzge crT,addr Branch if Decremented CTR is Zero and
Greater Than or Equal
archaic form for: bdzf (crT*4)+0,addr
equivalent to:bc 0x02, (cxrT*4)+0,addr
bdzgt crT,addr Branch if Decremented CTR is Zero and
Greater Than
archaic form for: bdzt (crT*4)+1 ,addr
equivalent to:bc 0xO0A, (cxT*4)+1,addr
bdzle crT,addr Branch if Decremented CTR is Zero and Less
Than or Equal
archaic form for: bdzf (crT*4)+1,addr
equivalent to:bc 0x02, (cxT*4)+1,addr
« bdzlr[l] Branch if Decremented CTR is Zero to LR
equivalent to: bc1r[1l] 0x12,0
bdzlt crT,addr Branch if Decremented CTR is Zero and Less
Than
archaic form for: bdzt (cxrT*4)+0,addr
equivalent to: bc 0x0A, (crT*4)+0,addr
bdzne cxT,addr Branch if Decremented CTR is Zero and Not
Equal

archaic form for: bdzf (crT*4)+2,addr
equivalentto:bc 0x02, (cxT*4)+2 ,addr
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bdzns crT,addr Branch if Decremented CTR is Zero and Not
Summary Overflow
archaic form for: bdzf (cxrT*4)+3,addr
equivalent to:bc 0x02, (cxrT*4)+3,addr
bdzr[1] Branch if Decremented CTR is Zero to LR
archaic form for: bdz1r[1]
equivalent to: bc1r[1l] 0x12,0
bdzso crT,addr Branch if Decremented CTR is Zero and
Summary Overflow
archaic form for: bdzt (crT*4)+3,addr
equivalent to: bc 0x0A, (cxrT*4)+3 ,addr

o bdzt[1l][a] crbT,addr Branch if Decremented CTR is Zero and
Condition True
equivalent to: be[1][a] 0x0A,crbT, addr
e bdztlr[l] crbT Branch if Decremented CTR is Zero and
Condition True to LR
equivalent to: bc1r[1] 0x0A,crbT
« beq[l]la] [cxT,laddr Branch if Equal
equivalent to: bec[1][a] 0xX0C, (cxT*4)+2,addr
beqcl[l1] [cxT) Branch if Equal to CTR

archaic form for: beqctr[l] [crT]
equivalent to: bcctr[l] 0x0C, (crT*4)+2

» beqctr[l] [crT] Branch if Equal CTR
equivalent to: bcctr[1l] 0x0C, (crT*4)+2
e« beqlr[l] [cxT] Branch if Equal to LR
equivalent to: bc1lr[1l] 0x0C, (crT*4)+2
beqr[1] [cxT] Branch if Equal to LR

archaic form for: beqlr[1l] [crT]
equivalent to: bc1r[l] 0x0C, (crT*4)+2

« bf[1][a] crbT , addr Branch if Condition False
equivalent to: bc 0x04,crbT , addr

e bfctr[l] crbT Branch if Condition False to CTR
equivalent to: bcctr[1l] 0x04,crbT

e bflr[1] crbT Branch if Condition False to LR
equivalent to: bc1r[1] 0x04,crbT

» bge[l][a] [cxT, laddr Branch if Greater Than or Equal
equivalent to: bc[1][a] 0x04, (cxrT*4)+0,addr

bgec[1] [erT] Branch if Greater Than or Equal to CTR

archaic form for: bgectr[l] [crT]
equivalent to: bcctr[l] 0x04, (cxT*4)+0

e bgectr[l] [crT] Branch if Greater Than or Equal to CTR
equivalent to: bcctr[l] 0x04, (cxrT*4)+0
» bgelr[l] [cxT] Branch if Greater Than or Equal to LR
equivalent to: bc1r[1l] 0x04, (crT*4)+0
bger[1] [exT] Branch if Greater Than or Equal to LR

archaic form for: bgelr[1l] [crT]

equivalent to: bc1r[1l] 0x04, (crT*4)+0
bgt[l][a] [cxT, laddr Branch if Greater Than

equivalent to: bc[1][a] 0x0C, (cxrT*4)+1,addr

.
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bgtc[1]

bgtctr[l]
bgtlr[l]

bgtr(l]

ble[l][a]

blec[l]

blectr[l]
blelr[l]

bler[l]

blr[l]
blt[1][a]

bltc[l]

bltctr[l]
bltlr[l]

bltr[l]

bne[l][a]

bnec][1]

bnectr[l]
bnelr[l]

bner[1]

[crT] Branch if Greater Than to CTR
archaic form for: bgtctr[l] [cxT]
equivalent to: bcctr[l] 0x0C, (crT*4)+1

[cxT] Branch if Greater Than to CTR
equivalent to: bcctr[l] 0x0C, (crT*4)+1

[cxT] Branch if Greater Than to LR
equivalent to: bc1r[1l] 0x0C, (crT*4)+1

[exT] Branch if Greater Than to LR
archaic form for: bgt1lr[1l] [crT]
equivalentto:bclr[l] 0x0C, (crT*4)+1

[cxT, laddr Branch if Less Than or Equal
equivalent to: bc[1][a] 0x04, (cxrT*4)+1,addr
[cxT] Branch if Less Than or Equal to CTR

archaic form for: blectr[l] [crT]
equivalent to:bcctr[l] 0x04, (crT*4)+1

[cxT] Branch if Less Than or Equal to CTR
equivalent to: bcctr[l] 0x04, (crT*4)+1

[cxT] Branch if Less Than or Equal to LR
equivalent to: bc1r[l] 0x04, (crT*4)+1

[exT] Branch if Less Than or Equal to LR
archaic form for: blelr[1] [crT]
equivalent to: bc1r[l] 0x04, (crT*4)+1

Branch Unconditionally to LR

equivalent to: bclr[1l] 0x14,0

[cxT, laddr Branch if Less Than
equivalent to: bc[1][a] 0x0C, (cxrT*4)+0,addr
[exT) Branch if Less Than to CTR

archaic form for: bltctr[l] [crT]

equivalent to: bcctr[l] 0x0C, (cxT*4)+0
[cxT] Branch if Less Than to CTR

equivalent to: bcctr[l] 0x0C, (crT*4)+0
[cxT] Branch if Less Than to LR

equivalent to: bc1r[1l] 0x0C, (crT*4)+0
[cxT] Branch if Less Than to LR

archaic form for: b1t1r[1] [cxT]

equivalent to: bc1r[1l] 0x0C, (cxT*4)+0

[cxT, laddr Branch if Not Equal
equivalent to: bc[1][a] 0x04, (crT*4)+2 ,addr
[exT] Branch if Not Equal to CTR

archaic form for: bnectr[l] [crT]

equivalent to: bcctr[l] 0x04, (crT*4)+2
[exrT] Branch if Not Equal to CTR

equivalent to: bcctr[l] 0x04, (cxT*4)+2
[erT] Branch if Not Equal to LR

equivalent to: bc1r[1l] 0x04, (crT*4)+2
[exT] Branch if Not Equal to LR

archaic form for: bnelr[1l] [crT]

equivalent to: bc1r[1l] 0x04, (crT*4)+2
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bngl[l][a]

bngc[1]

bngctr[l]
bnglr[l]

bngr[1]

bnl[l][a]

bnlc[l]

bnlctr[l]
bnllr[l]

bnlr[l]

bns[1][a]

bnsc[1]

bnsctr[l]
bnslr[1]

bnsr[1]

bnu[l][a]
bnuctr[l]
bnulr[l]

bnz[1l][a]

bnzc[1]

[cxT, laddr Branch if Not Greater Than
equivalent to: bc[1][a] 0x04, (cxrT*4)+1 ,addr

[exT] Branch if Not Greater Than to CTR
archaic form for: bngetr[l] [crT]
equivalent to: bcctr[l] 0x04, (cxT*4)+1

[crT] Branch if Not Greater Than to CTR
equivalent to: bcctr[l] 0x04, (crT*4)+1

[exT] Branch if Not Greater Than to LR
equivalent to: bc1r[1] 0x04, (crT*4)+1

[exrT] Branch if Not Greater Than to LR
archaic form for: bnglr[1l] [crT]
equivalent to: bc1r[1l] 0x04, (crT*4)+1

[cxT, laddr Branch if Not Less Than
equivalent to: bc[1][a] 0x04, (cxrT*4)+0 ,addr
[cxT) Branch if Not Less Than to CTR

archaic form for: bnlctr[l] [crT]
equivalent to: bcctr[l] 0x04, (cxrT*4)+0

[cxrT] Branch if Not Less Than to CTR
equivalent to: bcctr[l] 0x04, (cxT*4)+0

[cxT] Branch if Not Less Than to LR
equivalent to: bc1r[1] 0x04, (crT*4)+0

[exT] Branch if Not Less Than to LR
archaic form for: bnl11lr[1l] [crT]
equivalent to: bc1r[1l] 0x04, (crT*4)+0

[cxT, Jaddr Branch if Not Summary Overflow
equivalent to: bc[1][a] 0x04, (cxT*4)+3,addr
[erT] Branch if Not Summary Overflow to CTR

archaic form for: bnsctr[l] [crT]
equivalent to: bcctr[l] 0x04, (cxT*4)+3

[cxT] Branch if Not Summary Overflow to CTR
equivalent to: bcctr[l] 0x04, (cxT*4)+3

[exT] Branch if Not Summary Overflow to LR
equivalent to: bc1r[1l] 0x04, (crT*4)+3

[erT] Branch if Not Summary Overflow to LR
archaic form for: bns1r[1] [crT]
equivalent to: bc1lr[l] 0x04, (cxrT*4)+3

[exT ,laddr Branch if Not Unordered
equivalent to: bc[1][a] 0x04, (cxT*4)+3,addr

[exT] Branch if Not Unordered to CTR
equivalent to: bcctr[l] 0x04, (crT*4)+3

[exT] Branch if Not Unordered to LR
equivalent to: bc1r[1l] 0x04, (crT*4)+3

[cxT, laddr Branch if Not Zero

archaic form for: bne[l][a] [cxT, laddr

equivalent to: bc[1][a] 0x04, (crT*4)+2,addr
[exT] Branch if Not Zero to CTR

archaic form for: bnectr[l] [crT]

equivalent to: bcctr[l] 0x04, (crT*4)+2
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bnzr[l]

br[l]

bso[1][a]

bsoc[1]

bsoctr[l]
bsolr[l]

bsor[1]

bt[1][a]
btetr[l]
btlr[l]
bun[1][a]
bunctr[1]
bunlr(l]

bz[l][a]

bzc[1]

bzr[l]

cal

cau
cax[o][.]
clcs

clf

[cxT] Branch if Not Zero to LR
archaic form for: bnelr[l] [crT]
equivalent to: bc1r[1l] 0x04, (crT*4)+2
Branch Unconditionally to LR
archaic form for: b1r[1]
equivalent to: bc1r[1] 0x14,0

[cx T, Jaddr Branch if Summary Overflow
equivalent to: bec[1][a] 0x0C, (crT*4)+3,addr
[exT] Branch if Summary Overflow to CTR

archaic form for: bsoctr[1l] [crT]
equivalent to: bcctr[l] 0x0C, (cxrT*4)+3

[cxT) Branch if Summary Overflow to CTR
equivalent to: bcctr[l] 0x0C, (cxT*4)+3

[cxT] Branch if Summary Overflow to LR
equivalent to: bclr[1l] 0x0C, (crT*4)+3

[crT] Branch if Summary Overflow to LR
archaic form for: bsolr[l] [crT]
equivalent to: bc1lr[1l] 0xX0C, (crT*4)+3

crbT , addr Branch if Condition True
equivalent to: bc 0x0C,crbT , addr

crbT Branch if Condition True to CTR
equivalent to: bcctr[1l] 0x0C,crbT

crbT Branch if Condition True to LR
equivalent to: bc1r[1] 0x0C,crbT

[cxT, laddr Branch if Unordered
equivalent to: bc[1][a] 0x0C, (cxT*4)+3 ,addr

[exT] Branch if Unordered to CTR
equivalent to: bcctr[l] 0x0C, (crT*4)+3

[exrT] Branch if Unordered to LR
equivalent to: bclr[l] 0x0C, (crT*4)+3

[exT, Jaddr Branch if Zero
archaic form for: beq[1][a] [cxT, laddr
equivalent to: bc[1][a] 0x0C, (cxrT*4)+2,addr

[exT] Branch if Zero to CTR
archaic form for: beqctr[l] [cxT]
equivalent to: bcctr[l] 0x0C, (crT*4)+2

[crT] Branch if Zero to LR
archaic form for: beqlr[l] [crT]
equivalent to: bc1r[l] 0x0C, (cxT*4)+2

rT,d(rA) Compute Address Lower
archaic form for: addi rT,d(rA)

rT,rA,ul6 Compute Address Upper
archaic form for: addis rT,rA,ul6

rT,rA,rB Compute Address
archaic form for: add[o][.] rT,rA,rB

rT,rA Cache Line Compute Size
This instruction exists on POWER and the 601 only.

rA,rB Cache Line Flush

This instruction exists on POWER only.
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cli rA,rB Cache Line Invalidate

This instruction exists on POWER only.

64¢ clrldi[.] rA,rS,nBits Clear Left Doubleword Immediate
equivalent to: rldicl[.] rA,rS,0,nBits

64¢¢ clrlsldi[.]rA, xS, nBits,shift Clear Left and Shift Left Doubleword

Immediate
equivalent to: rldic[.] rA,rS,shift, nBits-shift
e clrlslwi[.]rA, xS, nBits,shift Clear Left and Shift Left Word Immediate

equivalent to: rlwinm|[.] rA,rS,shift, nBits-shift, 3 1-shift

e clrlwi[.] rA,rS,nBits Clear Left Word Immediate
equivalent to: rlwinm|[.] rA,rS,0,nBits, 31
64 clrrdi[.] rA,rS,nBits Clear Right Doubleword Immediate
equivalent to: rldicr[.] rA,rS,0,63-nBits
e clrrwi[.] rA,xrS,nBits Clear Right Word Immediate
equivalent to: rlwinm{.] rA,rS,0,0,31-nBits
cmp crT,xrA,rB Compare
archaic form for: cmp crT,0,rA,rB
e Cmp crT,L,rA,rB Compare
» cmpd crT,rA,rB Compare Doubleword
equivalent to:cmp crT,1,rA,rB
o cmpdi cxrT,xrA,sl6 Compare Doubleword Immediate
equivalent to:cmpi crT,1,rA,sl6
cmpi crT,rA,s16 Compare Immediate
archaic form for: cmpi crT,0,rA,sl16
« cmpi crT,L,rA,sl6 Compare Immediate
cmpl crT,rA,rB Compare Logical
archaic form for: cmpl crT,0,rA,rB
» cmpl crT,L,rA,rB Compare Logical
e cmpld crT,rA,rB Compare Logical Doubleword
equivalent to:cmpl crT,1,rA,rB
« cmpldi crT,rA,ul6 Compare Logical Doubleword Immediate
equivalent to: cmpli crT,1,rA,ul6
cmpli crT,rAul6 Compare Logical Immediate
archaic form for: cmpi crT,0,rA,ul6
o cmpli crT,L,rA,ul6 Compare Logical Immediate
+ cmplw crT,rA,rB Compare Logical Word
equivalent to: cmpl crT,0,rA,rB
» cmplwi cxT,rA,ul6 Compare Logical Word Immediate
equivalent to: cmpli crT,0,rA,ul6
* CIpW crT,rA,rB Compare Word
equivalent to:cmp cxT,0,rA,rB
» cmpwi crT,rA,sl6 Compare Word Immediate
equivalent to: cmpi crT,0,rA,sl6
cntlz[.] rA,rS Count Leading Zeros
archaic form for: cntlzw[.] rA,rS
64 cntlzd[.] rA,rS Count Leading Zeros Doubleword
- cntlzw[.] rA,rS Count Leading Zeros Word
e crand crbT , crbA, crbB Condition Register AND
e crandc crbT , crbA , crbB Condition Register AND with Complement
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64
64

?e

2e

64 ¢

crclr

creqv
crmove

crnand
crnor
crnot

cror
crorc
crset

crxor
dcbf
dcbi
dcbst
dcbt
dcbtst
dcbz
dclst

dclz

dcs
div[o][.]
divd[o][.]
divdu[o][.]
divs[o][.]
divwio][.]
divwu[o][.]
doz[o][.]
dozi
eciwx
ecowx
eieio

eqgv].]
extldil.]

extlwil.]

crbT Condition Register Clear
equivalent to: crxor crbT, crbT, crbT
crbT, crbA, crbB Condition Register Equivalent
crbT , crbA Condition Register Move
equivalent to: cror crbT,crbA,crbA
crbT , crbA, crbB Condition Register Not AND
crbT , crbA, crbB Condition Register Not OR
crbT , crbA Condition Register Not
equivalent to: crnor crbT, crbA, crbA
crbT , crbA, crbB Condition Register OR
crbT , crbA, crbB Condition Register OR with Complement
crbT Condition Register Set
equivalent to: creqgv crbT, crbT , crbT
crbT , crbA, crbB Condition Register Exclusive OR
rA,rB Data Cache Block Flush
rA,rB Data Cache Block Invalidate
rA,rB Data Cache Block Store
rA,rB Data Cache Block Touch
rA,rB Data Cache Block Touch for Store
rA,rB Data Cache Block Zero
rA,rB Data Cache Line Store
This instruction exists on POWER only.
rA,rB Data Cache Line Zero
archaic form for: dcbz
Data Cache Synchronize
archaic form for: sync
rT,rA,rB Divide
This instruction exists on POWER and the 601 only.
rT,rA,rB Divide Doubleword
rT,rA,rB Divide Doubleword Unsigned
rT,rA,rB Divide Short
This instruction exists on POWER and the 601 only.
rT,rA,rB Divide Word
rT,rA,rB Divide Word Unsigned
rT,rA,rB Difference Or Zero
This instruction exists on POWER and the 601 only.
rT,rA,slé6 Difference Or Zero Immediate
This instruction exists on POWER and the 601 only.
rT,rA,rB External Control Input Word Indexed
rS,rA,rB External Control Output Word Indexed
Enforce In-Order Execution of I/O
rA,rS,rB Equivalent
rA, xS, nBits,start Extract and Left Justify Doubleword
Immediate

equivalent to: rldicr[.] rA,rS,start,nBits-1
rA,rS,nBits,start Extract and Left Justify Word Immediate
equivalent to: rlwinm[.] rA,rS,start,0,nBits-1
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extrdif.]

extrwi[.]
exts|.]

extsb[.]
extsh[.]
extswi.]
faf.]

fabs].]
fadd[.]
fadds].]
fefid[.]

fcmpo
fcmpu
fectid].]
fetidz[.]

fotiw[.]
fotiwz[.]

£d[.]

fdiv[.]
fdivs[.]
fm[.]

fmal.]

fmadd].]
fmadds].]
fmr(.]
fms].]

fmsubj.]
fmsubs].]

fmulf.]
fmuls|.]
fnabs|.]
fnegf.]
fnmal.]

fnmadd][.]

rA,rS,nBits, start Extract and Right Justify Doubleword
Immediate
equivalent to: rldicl[.] rA,rS,start+nBits, 64-nBits
rA, xS, nBits, start Extract and Right Justify Word Immediate
equivalent to: rlwinm[.] rA,rS,start+nBits, 32-nBits, 31

rA,rS Extend Sign Halfword
archaic form for: extsh[.] rA,rS
rA, xS Extend Sign Byte
rA,rS Extend Sign Halfword
rA,rS Extend Sign Word
frT,frA,frB Floating-Point Add
archaic form for: fadd[.] £rT,frA,frB
frT,frB Floating-Point Absolute Value
frT,frA,£frB Floating-Point Add
frT,frA,frB Floating-Point Add Single-Precision
frT,frB Floating-Point Convert from Integer
Doubleword
crT,frA,frB Floating-Point Compare Ordered
cxT,frA,frB Floating-Point Compare Unordered
£frT,frB Floating-Point Convert to Integer Doubleword
£rT,frB Floating-Point Convert to Integer Doubleword
with Round to Zero
£rT,frB Floating-Point Convert to Integer Word
£frT,frB Floating-Point Convert to Integer Word with
Round toward Zero
frT,frA,frB Floating-Point Divide
archaic form for: £div[.] £rT,frA,frB
frT,frA,£frB Floating-Point Divide
£rT,frA,frB Floating-Point Divide Single-Precision
£rT,frA,£frC Floating-Point Multiply

archaic form for: fmul[.] £rT,frA,frC
frT,frA,£frC,frB Floating-Point Multiply-Add

archaic form for: fmadd[.] £rT,frA,frC,frB
frT,frA,£frC,£frB Floating-Point Multiply-Add
frT,frA,£frC,£frB Floating-Point Multiply-Add Single-Precision
£rT, frB Floating-Point Move Register
frT,frA,£frC,frB Floating-Point Multiply-Subtract

archaic form for: fmsub[.] £rT,frA,frC,frB
frT,frA,£frC, frB Floating-Point Multiply-Subtract
frT,frA,£frC, frB Floating-Point Multiply-Subtract Single-

Precision
£frT,£frA, fxrC Floating-Point Multiply
£frT,frA,fxC Floating-Point Multiply Single-Precision
£frT,frB Floating-Point Negative Absolute Value
frT,£frB Floating-Point Negate

frT,frA,frC,frB Floating-Point Negative Multiply-Add
archaic form for: fnmadd[.] £rT,frA, frC,frB
frT,frA,£fxrC,£frB Floating-Point Negative Multiply-Add
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fnmadds].]
fnms|.]

fnmsubl.]
fnmsubs].]

fresl.]

frsp[.]
frsqrte[.]

fs[.]

fsell.]
fsqrt[.]
fsqrtsj.]
fsubl.]
fsubs].]
icbi

ics

inslwif.]
insrdil.]

insrwi[.]

isync
1

la

la

lbrx

1bz
lbzu
lbzux
lbzx
1d
ldarx
1ldu
ldux
1ldx

£frT,fxrA,£frC,frB Floating-Point Negative Multiply-Add Single-
Precision
frT,fxrA,£frC, frB Floating-Point Negative Multiply-Subtract
archaic form for: fnmsub[.] £rT, frA, £frC,frB
frT,frA,£frC,frB Floating-Point Negative Multiply-Subtract

frT,frA,£frC,frB Floating-Point Negative Multiply-Subtract
Single-Precison

frT,frB Floating-Point Reciprocal Estimate Single-
Precision

frT,frB Floating-Point Round to Single-Precision

frT,£frB Floating-Point Reciprocal Square Root
Estimate

frT,£frA, frB Floating-Point Subtract

archaic form for: £sub[.] £rT,frA, frB
frT,frA,frC,frB Floating-Point Select

frT, frB Floating-Point Square Root

£frT,frB Floating-Point Square Root Single-Precision
frT,frA,frB Floating-Point Subtract

frT,£frA, frB Floating-Point Subtract Single-Precision
YA, rB Instruction Cache Block Invalidate

Instruction Cache Synchronize
archaic form for: isync
rA,rS, nBits , start Insert from Left Word Immediate
equivalent to: rlwimi[.] rA,rS, 32-start,start, (start+nBits) -1
rA, xS, nBits, start Insert from Right Doubleword Immediate
equivalent to: r1dimi[.] rA,rS, 64—(start + nBits), start
rA, xS, nBits , start Insert from Right Word Immediate
equivalent to: rlwimi[.] rA,rS, 32-end,start,end-1
where end = (start + nBits)

Instruction Cache Synchronize
rT,d(rA) Load
archaic form for: lwz rT,d(rA)
rT,d(rA) Load Address
equivalent to: addi rT,rA,d
rT,symbol Load Address

equivalent to: addi rT,rN,dSymbol
where dSymbol is the offset from rN to symbol and rN has been
specified using the . using assembler directive

rT,rA,rB Load Byte-Reversed Indexed

archaic form for: lwbrx rT,rA,rB
rT,d(rA) Load Byte and Zero
rT,d(rA) Load Byte and Zero with Update
rT,rA,rB Load Byte and Zero with Update Indexed
rT,rA,rB Load Byte and Zero Indexed
rT,ds(rA) Load Doubleword
rT,rA,rB Load Doubleword and Reserve Indexed
rT,ds(rA) Load Doubleword with Update
rT,rA,xB Load Doubleword with Update Indexed
rT,xA,rB Load Doubleword Indexed
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« 1fd
e 1fdu

o 1fdux

o 1fdx
« 1fs
e 1fsu

o 1fsux

1fsx
lha
lhau
lhaux

L] . ° L]

lhax
lhbrx
lhz
lhzu
lhzux
lhzx
1i

e o ¢ o o o o

1i1

« lis

liu

1m

o 1lmw
1scbx[.]

1si
o« Iswi
e lswx
1sx
1lu

lux

64¢ lwa
o lwarx

frT,d(rA) Load Floating-Point Double-Precision

frT,d(rA) Load Floating-Point Double-Precision with
Update

frT,rA,rB Load Floating-Point Double-Precision with
Update Indexed

frT,rA,rB Load Floating-Point Double-Precision Indexed

frT,d(rA) Load Floating-Point Single-Precision

frT,d(rA) Load Floating-Point Single-Precision with
Update

frT,rA,rB Load Floating-Point Single-Precision with
Update Indexed

frT,rA,xrB Load Floating-Point Single-Precision Indexed

rT,d(rA) Load Halfword Algebraic

rT,d(rA) Load Halfword Algebraic with Update

rT,rA,rB Load Halfword Algebraic with Update
Indexed

rT,xA,rB Load Halfword Algebraic Indexed

rT,xA,xB Load Halfword Byte-Reversed Indexed

rT,d(rA) Load Halfword and Zero

rT,d(rA) Load Halfword and Zero with Update

rT,rA,xrB Load Halfword and Zero with Update Indexed

rT,rA,xrB Load Halfword and Zero Indexed

rT,slé6 Load Immediate

equivalent to: addi rT,0,s16
rT,slé6 Load Immediate Lower

archaic form for: 1i rT,sl6
equivalent to: addi rT,0,s16

rT,sl6 Load Immediate Shifted
equivalent to: addis rT,0,s16
rT,ul6 Load Immediate Upper

archaic form for: 1is rT,s16
equivalent to: addis rT,0,ul6

rT,d(rA) Load Multiple
archaic form for: lmw rT,d(rA)
rT,d(rA) Load Multiple Word
rT,xA,rB Load String and Compare Byte Indexed
This instruction exists on POWER and the 601 only.
rT,rA, nBytes Load String Immediate
archaic form for: 1swi rT,rA,nBytes
rT,rA,nBytes Load String Word Immediate
rT,rA,rB Load String Word Indexed
rT,rA,rB Load String Indexed
archaic form for: 1swx rT,rA,rB
rT,d(rA) Load with Update
archaic form for: lwzu rT,d(rA)
rT,xA,rB Load with Update Indexed
archaic form for: lwzux rT,rA,rB
rT,ds(rA) Load Word Algebraic
rT,rA,rB Load Word and Reserve Indexed
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lwaux
lwax
lwbrx
lwz
lwzu
lwzux
lwzx
1x

maskgl.]
maskir[.]
mcrf
mcrfs
mMCrxr

mfasr

mfcr
mfctr

mfdar

mfdbatl

mfdbatu

mfdec

mfdsisr
mfear
mffsf.]
mfibatl

mfibatu

mflr

rT,rA,rB Load Word Algebraic with Update Indexed

rT,rA,rB Load Word Algebraic Indexed
rT,rA,rB Load Word Byte-Reversed Indexed
rT,d(rA) Load Word and Zero
rT,d(rA) Load Word and Zero with Update
rT,rA,rB Load Word and Zero with Update Indexed
rT,rA,rB Load Word and Zero Indexed
rA,rS,rB Load Indexed
archaic form for: lwzx rA,rS,rB
rA,rS,rB Mask Generate
This instruction exists on POWER and the 601 only.
rA,rS,rB Mask Insert from Register
This instruction exists on POWER and the 601 only.
crT,cxS Move Condition Register Fields
crT,crSs Move to Condition Register from FPSCR
crT Move to Condition Register from XER
rT Move from Address Space Register
equivalent to:mfspr rT, 280
rT Move from Condition Register
rT Move from Count Register
equivalent to:mfspr rT,9
rT Move from Data Address Register
equivalent to:mfspr rT,19
rT,n Move from Data Block-Address Translation

Register n Lower
equivalent to:mfspr rT,537+2*n

rT,n Move from Data Block-Address Translation
Register n Upper
equivalent to:mfspr rT,536+2*n
rT Move from Decrement Register

equivalent to:mfspr rT,b22
Note: on POWER, the SPR encoding for the DEC Register was 6 instead
of 22; the MPC601 accepts either encoding.

rT Move from Data Storage Interrupt Status
Register
equivalent to:mfspr rT,18
rT Move from External Access Register
equivalent to:mfspr rT,282
fxT Move from FPSCR
rT,n Move from Instruction Block-Address

Translation Register n Lower
equivalent to:mfspr rT,529+2*n
rT,n Move from Instruction Block-Address
Translation Register n Upper
equivalent to:mfspr rT,528+2*n
rT Move from Link Register
equivalent to:mfspr rT, 8
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mfmg
mfmsr
mfpvr

mfrtcl

mfrtcu

mfsdrl

mfspr
mfsprg

mfsr
mfsri

mfsrin
mfsrr0

mfsrrl

mftb
mftb

mftbu
mfxer
mri.]
mtasr
mtcr

mterf
mtctr

mtdar

mtdbatl

rT Move from MQ Register
This extended form is defined on POWER and the 601 only.
equivalent to:mfspr rT,0

rT Move from Machine State Register

rT Move from Processor Version Register
equivalent to:mfspr rT,287

rT Move from Real Time Counter Lower

This extended form is defined on POWER and the 601 only.
equivalent to:mfspr rT,5

rT Move from Real Time Counter Upper
This extended form is defined on POWER and the 601 only.
equivalent to:mfspr rT,4

rT Move from Storage Description Register 1
equivalent to:mfspr rT, 25
rT,SPR Move from Special Purpose Register
rT,n Move from SPR G0-G3
equivalent to: mfspr rT,272+n
rT,SR Move from Segment Regster
rT,rA,rB Move from Segment Register Indirect

archaic form for:mfsrin rT,rB
Note that A must equal 0 formfsrin to replacemfsri and that the
instruction encoding is different for these instructions.

rT,rB Move from Segment Register Indirect

rT Move from Save/Restore Register 0
equivalent to:mfspr rT,26

rT Move from Save /Restore Register 1
equivalent to: mfspr rT,27

rT,TBR Move from Time Base Register

rT Move from Time Base Lower
equivalent to:mftb rT,268

rT Move from Time Base Upper
equivalent to:mftb rT,269

rT Move from Fixed-Point Exception Register
equivalent to:mfspr rT,1

rA,rS Move Register
equivalent to: or[.] rA,rS,rS

rS Move to Address Space Register
equivalent to: mtspr 280,rS ,

rS Move to Condition Register
equivalent to:mtcrf OxFF,rS

crMask, xS Move to Condition Register Fields

rS Move to Count Register
equivalent to:mtspr 9,rS

rS Move to Data Address Register
equivalent to:mtspr 19,rS

n,rS Move to Data Block-Address Translation

Register n Lower
equivalent to:mtspr 537+2*n,rS
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32

32

mtdbatu

mtdec
mtdsisr
mtear
mtfs[.]
mt£sbO[.]
mtfsbl].]
mtfsf[.]

mtfsfif.]
mtibatl

mtibatu

mtlr
mtmg
mtmsr
mtsdrl

mtspr
nmtsprg

mtsr
mtsri
mtsrin
mtsrr0

mtsrrl

mttb

mttbl

mttbu

n,xrS Move to Data Block-Address Translation

Register n Upper
equivalent to:mtspr 536+2*n,rS
rS Move to Decrement Register
equivalent to:mtspr 22,rS
rS Move to Data Storage Interrupt Status Register
equivalent to:mtspr 18,rS
rS Move to External Access Register
equivalent to:mtspr 282,rS
frB Move to FPSCR
equivalentto:mtfsf[.] OxXFF,frB
crbT Move to FPSCR Bit 0
crbT Move to FPSCR Bit 1
fpscrMask, £rB Move to FPSCR Fields
foscrfT , fieldVal Move to FPSCR Field Immediate
n,rS Move to Instruction Block-Address Translation

Register n Lower
equivalent to:mtspr 529+2*n,rS

n,rS Move to Instruction Block-Address Translation
Register n Upper
equivalent to:mtspr 528+2*n,rS
rsS Move to Link Register
equivalent to:mtspr 8,rS
xS Move to Multiply Quotient Register

This extended form is defined on POWER and the 601 only.
equivalent to:mtspr 0,rS

xS Move to Machine State Register

rs Move to Storage Description Register 1
equivalent to:mtspr 25,rS

SPR, xS Move to Special Purpose Register

n,rS Move to SPR G0-G3
equivalent to:mtspr 272+n,rS

SR, xS Move to Segment Register

rS,rA,rB Move to Segment Register Indirect

archaic form for: mtsrin rS,rB
Note that A must equal 0 formtsrin to replacemtsri.

rS,rB Move to Segment Register Indirect

rS Move to Save/Restore Register 0
equivalent to: mtspr 26,rS

rs Move to Save/Restore Register 1
equivalent to:mtspr 27,rS

TBR,rS Move to Time Base Register

This instruction was originally intended to provide write access to the
Time Base Register, but it has since been removed from the PowerPC
Architecture specification.

rS Move to Time Base Lower
equivalent to:mtspr 284,rS

rs Move to Time Base Upper
equivalent to:mtspr 285,rS
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mtxer
mulfo][.]

mulhd[.]
mulhduyf.]
mulhwi.]
mulhwul.]
muli

mulldo][.]
mulli
mullwlo][.]
mulsfo][.]

nabs[o][.]
nand[.]
neglo][.]

nop

norf.]
not[.]
or[.]
orc|.]
ori
oril

oris
oriu

rac|.]

rfi
rfsvc

rldcl].]
rlderf.]
rldic[.]
rldicl|.]
rldicr|.]

rldimif.]

rlimi[.]

rS Move to Fixed-Point Exception Register
equivalent to:mtspr 1,rS

rT,rA,rB Multiply
This instruction exists on POWER and the 601 only.
rT,rA,rB Multiply High Doubleword
rT,rA,rB Multiply High Doubleword Unsigned
rT,rA,rB Multiply High Word
rT,rA,rB Multiply High Word Unsigned
rT,rA,sl6 Multiply Immediate
archaic form for:mulli rT,rA,slé6
rT,rA,rB Multiply Low Doubleword
rT,rA,sl6 Multiply Low Immediate
rT,rA,rB Multiply Low Word
rT,rA,rB Multiply Short
archaic form for:mullw rT,rA,rB
rT,rA Negative Absolute Value
This instruction exists on POWER and the 601 only.
rA,rS,rB NAND
rT,rA Negate
No-op
equivalent to:ori r0,r0,0
YA,rS,rB NOR
rA,rS NOT
equivalent to: nor[.] rA,rS,rS
rA,rS,rB OR
rA,rS,rB OR with Complement
rA,rS,ulé OR Immediate
rA,xrS,ul6 OR Immediate Lower
archaic form for: ori rA,rS,ulé
rA,rS,ulé OR Immediate Shifted
rA,rS,ulé OR Immediate Upper
archaic form for: oris rA,rS,ul6
rT,rA,rB Real Address Compute

This instruction exists on POWER only.
Return from Interrupt
Return from SVC
This instruction exists on POWER only.
rA,rS,rB,mb64 Rotate Left Doubleword then Clear Left
rA,rS,rB,meb64 Rotate Left Doubleword then Clear Right
rA,rS,shiftt4,mb64 Rotate Left Doubleword Immediate then Clear
rA,xrS,shiftb4,mb64 Rotate Left Doubleword Immediate then Clear

Left

rA,rS,shifté4,me64 Rotate Left Doubleword Immediate then Clear
Right

rA,rS,shiftt4,mb64 Rotate Left Doubleword Immediate then Mask
Insert

rA, xS, shift, mb,me Rotate Left Inmediate then Mask Insert
archaic form for: rlwimi[.] rA,xS,shift,mb,me
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YA,xS,shift, mb,me Rotate Left Inmediate then AND with Mask
archaic form for: rlwinm{.] rA, xS, shift, mb,me
rA,rS,rB,mb,me Rotate Left then Mask Insert
This instruction exists on POWER and the 601 only.
rA,rS,rB,mb,me Rotate Left then AND with Mask
archaic form for: rlwnm[.] rA,rS,rB,mb,me
YA, xS,shift,mb,me Rotate Left Word Immediate then Mask Insert
rA,xrS,shift,mb,me Rotate Left Word Immediate then AND with

Mask
rA,rS,rB,mb,me Rotate Left Word then AND with Mask
rA,rS,rB Rotate Left Doubleword
equivalent to: r1dcl[.] rA,rS,rB,0
rA,xrS,nBits Rotate Left Doubleword Immediate
equivalent to: rldicl[.] rA,rS,nBits, 0
rA,rS,rB Rotate Left Word
equivalent to: rlwnm{.] rA,rS,rB,0,31
rA, xS, nBits Rotate Left Word Immediate
equivalent to: rlwinm[.] rA,rS,nBits, 0,31
rA,rS,nBits Rotate Right Doubleword Immediate
equivalent to: r1dicl[.] rA,rS,64-nBits, 0
rA, rS,nBits Rotate Right Word Immediate
equivalent to: rlwinm[.] rA,rS,32-nBits, 0,31
rA,rS,rB Rotate Right and Insert Bit
This instruction exists on POWER and the 601 only.
System Call
rT,rA,rB Subtract From
archaic form for: subf[o][.] rT,rA,rB
rT,rA,rB Subtract From Extended
archaic form for: subfe[o][.] rT,rA,rB
rT,rA,sl6 Subtract From Immediate
archaic form for: subfic rT,rA,slé6
rT,rA Subtract From Minus One Extended
archaic form for: subfme[o][.] rT,rA
rT,rA Subtract From Zero Extended
archaic form for: subfze[o][.] rT,rA
rT,rA,sl6 Subtract Immediate
equivalent to: addic[.] rT,rA, -s16
rA,rS,rB Shift Left
archaic form for: slw[.] rA,rS,rB
SLB Invalidate All
rB SLB Invalidate Entry
rB SLB Invalidate Entry by Index

This instruction was originally intended as an optional instruction for
64-bit PowerPC implementations, but it has since been removed
from the PowerPC Architecture specification.

rA,rS,rB Shift Left Doubleword
rA,rS,nBits Shift Left Doubleword Immediate
equivalent to: rldicr[.] rA,rS,nBits, 63-nBits
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sle[.] rA,rS,rB Shift Left Extended
This instruction exists on POWER and the 601 only.

sleq].] rA,rS,rB Shift Left Extended with MQ
This instruction exists on POWER and the 601 only.
sliq[.] rA,rS,shift Shift Left Immediate with MQ
This instruction exists on POWER and the 601 only.
slliq[.] <rA,rS,shift Shift Left Long Immediate with MQ
This instruction exists on POWER and the 601 only.
sllq[.] rA,rS,rB Shift Left Long with MQ
This instruction exists on POWER and the 601 only.
slql.] rA,rS,rB Shift Left with MQ
This instruction exists on POWER and the 601 only.
o slw[.] rA,rS,rB Shift Left Word
e slwif.] rA,rS,nBits Shift Left Word Immediate
equivalent to: rlwinm|[.] rA,rS,nBits,0,31-nBits
sr[.] rA,rS,rB Shift Right
archaic form for: sxrw[.] rA,rS,rB
sra[.] rA,rS,rB Shift Right Algebraic
archaic form for: sraw[.] rA,rS,rB
64+ srad[.] rA,rS,rB Shift Right Algebraic Doubleword
64 sradi[.] rA,rS,shifté4 Shift Right Algebraic Doubleword Immediate
sraif.] rA, xS, shift Shift Right Algebraic Inmediate
archaic form for: srawi[.] rA,rS,shift
sraiq[.] rA,rS,shift Shift Right Algebraic Immediate with MQ
This instruction exists on POWER and the 601 only.
sraq[.] rA,rS,rB Shift Right Algebraic with MQ
This instruction exists on POWER and the 601 only.
« sraw|.] rA,rS,rB Shift Right Algebraic Word
e srawi[.] rA,rS,shift Shift Right Algebraic Word Immediate
64¢ srd[.] rA,rS,rB Shift Right Doubleword
64+ srdi[.] rA,rS,nBits Shift Right Doubleword Immediate
equivalent to: r1dicl[.] rA,rS, 64-nBits, nBits
sref.] rA,rS,rB Shift Right Extended
This instruction exists on POWER and the 601 only.
sreal.] rA,rS,rB Shift Right Extended Algebraic
This instruction exists on POWER and the 601 only.
sreq[.] rA,rS,rB Shift Right Extended with MQ
This instruction exists on POWER and the 601 only.
sriq[.] rA, xS, shift Shift Right Immediate with MQ
This instruction exists on POWER and the 601 only.
srliq[.] rA,rS,shift Shift Right Long Immediate with MQ
This instruction exists on POWER and the 601 only.
srlq[.] rA,rS,rB Shift Right Long with MQ
This instruction exists on POWER and the 601 only.
srq[.] rA,rS,rB Shift Right with MQ
This instruction exists on POWER and the 601 only.
o srwl[.] rA,rS,rB Shift Right Word
e srwi[.] rA,rS,nBits Shift Right Word Immediate

equivalent to: rlwinm[.] rA, xS, 32-nBits, nBits, 31
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st

stb
stbrx

stbu
stbux
stbx
std
stdcx.
stdu
stdux
stdx
stfd
stfdu
stfdux

stfdx
stfiwx
stfs
stfsu
stfsux

stfsx
sth
sthbrx
sthu
sthux
sthx
stm

stmw
stsi

stswi
stswx
stsw

stu
stux

stw
stwbrx
stwecx.
stwu
stwux
stwx

rS,d(rA) Store
archaic form for: stw rT,d(rA)

rS,d(rA) Store Byte
rS,rA,rB Store Byte-Reversed Indexed

archaic form for: stwbrx rT,rA,rB
rS,d(rA) Store Byte with Update
rS,rA,rB Store Byte with Update Indexed
rS,rA,rB Store Byte Indexed
rS,ds(rA) Store Doubleword
rS,rA,rB Store Doubleword Conditional Indexed
rS,ds(rA) Store Doubleword with Update
rS,rA,rB Store Doubleword with Update Indexed
rS,rA,rB Store Doubleword Indexed
frS,d(rA) Store Floating-Point Double
£frS,d(rA) Store Floating-Point Double with Update
frS,rA,rB Store Floating-Point Double with Update

Indexed
frS,rA,rB Store Floating-Point Double Indexed
frS,rA,rB Store Floating-Point as Integer Word
£frS,d(rA) Store Floating-Point Single
£frS,d(rA) Store Floating-Point Single with Update
frS,rA,rB Store Floating-Point Single with Update
Indexed

frS,rA,rB Store Floating-Point Single Indexed
rS,d(rA) Store Halfword
rS,rA,rB Store Halfword Byte-Reversed Indexed
rS,d(rA) Store Halfword with Update
rS,rA,rB Store Halfword with Update Indexed
rS,rA,rB Store Halfword Indexed
rS,d(rA) Store Multiple

archaic form for: stmw rT,d(rA)
rS,d(rA) Store Multiple Word
rS,rA, nBytes Store String Immediate

archaic form for: stswi rT,rA,nBytes
rS,rA,nBytes Store String Word Immediate
rS,rA,rB Store String Word Indexed
rS,rA,rB Store String Indexed

archaic form for: stswx rT,rA,rB
rS,d(rA) Store with Update

archaic form for: stwu rT,d(rA)
rS,rA,rB Store with Update Indexed

archaic form for: stwux rT,rA,rB
rS,d(rA) Store Word
rS,rA,rB Store Word Byte-Reversed Indexed
rS,rA,rB Store Word Conditional Indexed
rS,d(rA) Store Word with Update
rS,rA,rB Store Word with Update Indexed
rS,rA,rB Store Word Indexed
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stx rS,rA,rB Store Indexed
archaic form for: stwx rT,rA,rB

e subfo][.] rT,rA,rB Subtract
equivalent to: subf[o][.] rT,rB,rA
e subc[o][.] rT,rA,rB Subtract Carrying
equivalent to: subfc[o][.] rT,rB,rA
- subf[o][.] rT,rA,rB Subtract From
e subfc[o][.] rT,rA,rB Subtract From Carrying
» subfe[o][.] ¥rT,rA,rB Subtract From Extended
« subfic rT,rA,sl6 Subtract From Immediate Carrying
¢ subfme[o][.]xrT,rA Subtract From Minus One Extended
» subfze[o][.]rT,rA Subtract From Zero Extended
e subi rT,rA,sl6 Subtract Immediate
equivalent to: addi rT,rA,-s16
e subic[.] rT,rA,sl6 Subtract Immediate Carrying
equivalent to: addic[.] rT,rA,-s16
« subis rT,rA,sl6 Subtract Immediate Shifted
equivalent to: addis rT,rA,-s16
svc Supervisor Call
This instruction exists on POWER only.
svca sV Supervisor Call Absolute

archaic form for: sc
Note that SV must equal 0 for sc to replace svca.

svecl Supervisor Call with Link
This instruction exists on POWER only.
svcla 1% Supervisor Call Absolute with Link
This instruction exists on POWER only.
« sync Synchronize
t trapOn ,rA,xB Trap
archaic form for: tw trapOn,rA,rB
640 td trapOn,rA,rB Trap Doubleword
64+ tdeq rA,rB Trap Doubleword if Equal
equivalentto: td 4,rA,rB
64+ tdeqi rA,sl6 Trap Doubleword if Equal Immediate
equivalent to: tdi 4,rA,sl6
64+ tdge rA,rB Trap Doubleword if Greater Than or Equal
equivalentto: td 12,rA,rB
64+ tdgei rA,sl6 Trap Doubleword if Greater Than or Equal
Immediate
equivalent to: tdi 12,rA,sié6
64+ tdgt rA,rB Trap Doubleword if Greater Than
equivalentto: td 8,rA,rB
64+ tdgti rA,sl6 Trap Doubleword if Greater Than Immediate
equivalent to: tdi 8,rA,sl6
64 tdi rapOn ,rA ,s16 Trap Doubleword Immediate
64+ tdle rA,rB Trap Doubleword if Less Than or Equal

equivalent to: td 20,rA,rB
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64 e

64 ¢

64 ¢

64

64

64

64 e

64

64

64

64

64

64

64 ¢

64

64

64 e

tdlei

tdlge

tdlgei

tdlgt

tdlgti

tdlle

tdllei

tdllt

tdllti

tdlng

tdlngi

tdlnl

tdlnli

tdlt
tdlti
tdne
tdnei
tdng

tdngi

rA,slé Trap Doubleword if Less Than or Equal

Immediate
equivalent to: tdi 20,rA,sl6
rA,rB Trap Doubleword if Logically Greater Than or
Equal
equivalent to:td 5,rA,rB ,
rA,slé Trap Doubleword if Logically Greater Than or
Equal Immediate
equivalent to: tdi 5,rA,s16
rA,rB Trap Doubleword if Logically Greater Than
equivalentto:td 1,rA,rB .
rA,sl6 Trap Doubleword if Logically Greater Than
Immediate
equivalent to: tdi 1,rA,s16
rA,rB Trap Doubleword if Logically Less Than or
: Equal
equivalentto:td 6,rA,rB
rA,sl6 Trap Doubleword if Logically Less Than or
Equal Immediate
equivalent to: tdi 6,rA,sl6
rA,rB Trap Doubleword if Logically Less Than
equivalentto: td 2,rA,rB
rA,sl6 Trap Doubleword if Logically Less Than
Immediate
equivalent to: tdi 2,rA,s16
rA,rB Trap Doubleword if Logically Not Greater
Than
equivalentto:td 6,rA,rB
rA,slé6 Trap Doubleword if Logically Not Greater
_ Than Immediate
equivalent to: tdi 6,rA,sl6
rA,rB Trap Doubleword if Logically Not Less Than
equivalentto:td 5,rA,rB .
rA,slé Trap Doubleword if Logically Not Less Than
Immediate
equivalentto: tdi 5,rA,s16
rA,rB Trap Doubleword if Less Than
equivalentto: td 16,rA,rB
rA,sl6 Trap Doubleword if Less Than Immediate
equivalent to: tdi 16,rA,sl6 )
rA,rB ‘ Trap Doubleword if Not Equal
equivalentto: td 24,rA,rB
rA,slé6 Trap Doubleword if Not Equal Immediate
equivalent to: tdi 24,rA,sl6
rA,rB Trap Doubleword if Not Greater Than
equivalent to: td 20,rA,rB
rA,sl6 Trap Doubleword if Not Greater Than
Immediate

equivalent to: tdi 20,rA,s16
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2e

?2e
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tdnl
tdnli
ti
tlbi
tlbia

tlbie
tlbiex

tlbsync
trap

tw
tweq

tweqi
twge
twgei
twgt
twgti

twi
twle

twlei
twlge

twlgei

twlgt

twlgti

twlle

rA,rB Trap Doubleword if Not Less Than
equivalentto: td 12,rA,rB

rA,sl6 Trap Doubleword if Not Less Than Immediate
equivalent to: tdi 12,rA,sl6

trapOn ,rA ,s16 Trap Immediate
archaic form for: twi trapOn,rA,sl6

rA,rB TLB Invalidate Entry
archaic form for: t1bie rB 4
Note that A must equal 0 for t1bie to replace t1bi.

TLB Invalidate All
rB TLB Invalidate Entry
rB TLB Invalidate Entry by Index

This instruction was originally intended as an optional instruction for
PowerPC implementations, but it has since been removed from the
PowerPC Architecture specification.

TLB Synchronize
Trap Unconditionally

equivalent to: tw 31,r0,r0

trapOn,xrA,rB Trap Word

rA,rB Trap Word if Equal
equivalent to: tw 4,rA,rB

rA,slé6 Trap Word if Equal Immediate
equivalent to: twi 4,rA,sl6

rA,rB Trap Word if Greater Than or Equal
equivalentto:tw 12,rA,rB

rA,slé6 Trap Word if Greater Than or Equal Immediate
equivalentto: twi 12,rA,s16

rA,rB Trap Word if Greater Than
equivalent to: tw 8,rA,rB

rA,slé Trap Word if Greater Than Immediate
equivalent to: twi 8,rA,sl6

trapOn , rA ,s16 Trap Word Immediate

rA,rB Trap Word if Less Than or Equal
equivalent to: tw 20,rA,rB _

rA,sl6 Trap Word if Less Than or Equal Immediate
equivalent to: twi 20,rA,sl6

rA,rB Trap Word if Logically Greater Than or Equal
equivalentto: tw 5,rA,rB )

rA,sl6 Trap Word if Logically Greater Than or Equal

Immediate

equivalent to: twi 5,rA,sl6

rA,rB Trap Word if Logically Greater Than
equivalentto:tw 1,rA,rB

rA,sl6 Trap Word if Logically Greater Than

Immediate

equivalentto: twi 1,rA,s16

rA,rB Trap Word if Logically Less Than or Equal

equivalent to:tw 6,rA,rB
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twllei

twllt
twllti
twlng

twlngi

twlnl

twlnli

twlt
twlti
twne
twnei
twng
twngi
twnl
twnli
xor(.]
xori

xoril

Xoris
xXoriu

rA,slé6

equivalent to:
rA,rB
equivalent to:
rA,slé
equivalent to:
rA,rB
equivalent to:
rA,slé

equivalent to:
rA,rB

equivalent to:
rA,sl6

equivalent to:
rA,rB
equivalent to:
rA,slé
equivalent to:
rA,rB
equivalent to:
rA,slé
equivalent to:
rA,rB
equivalent to:
rA,slé6
equivalent to:
rA,rB
equivalent to:
rA,slé
equivalent to:
rA,rS,rB
rA,rS,ulé
YA,rS,ulé

Trap Word if Logically Less Than or Equal
Immediate
twi 6,rA,sl6
Trap Word if Logically Less Than
tw 2,rA,rB
Trap Word if Logically Less Than Immediate
twi 2,rA,slé
Trap Word if Logically Not Greater Than
tw 6,rA,rB
Trap Word if Logically Not Greater Than
Immediate
twi 6,rA,sl6
Trap Word if Logically Not Less Than

tw 5,rA,rB
Trap Word if Logically Not Less Than
Immediate
twi 5,rA,sl6
Trap Word if Less Than

tw 16,rA,rB

Trap Word if Less Than Immediate
twi 16,rA,slé

Trap Word if Not Equal
tw 24,rA,rB

Trap Word if Not Equal Immediate
twi 24,rA,sl6

Trap Word if Not Greater Than
tw 20,rA,rB

Trap Word if Not Greater Than Immediate
twi 20,rA,sl6

Trap Word if Not Less Than
tw 12,rA,rB

Trap Word if Not Less Than Immediate
twi 12,rA,slé

Exclusive OR

Exclusive OR Immediate

Exclusive OR Immediate Lower

archaic form for: xori rA,rS,ulé

rA,rS,ulé
rA,rS,ulé

Exclusive OR Immediate Shifted
Exclusive OR Immediate Upper

archaic form for: xoris rA,rS,ulé
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Register Bit
Definitions

C.1 Condition Register (CR)

The Condition Register is divided into eight 4-bit fields as described in Table C-1.
The interpretation of the bits within these fields depends on how the bit field was
originally updated. Table C-2 through Table C-5 describes the bit interpretations
for the commonly performed CR field operations.

Table C-1 Condition Register

Bit# Description
03 CR field 0
This field is implicitly updated by some fixed-point instructions.
4y |CRfield1
This field is implicitly updated by some floating-point instructions.
8-11 | CR field 2

12-15 | CR field 3
16-19 | CR field 4
20-23 | CR field 5
24-27 | CRfield 6
2831 | CR field 7

If CR field 0 is updated by a fixed-point instruction with the record bit set, then
the CR bits will be updated as described in Table C-2.
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Table C-2 CR Bit Field Settings from Fixed-Point Instructions

Bit# | Name Description
0 LT Less Than, or Negative
Set if the result is negative.
1 GT Greater Than, or Positive
Set if the result is positive.
Equal, or Zero
2 EQ Set if the result is zero.
3 so Summary Overflow
Copied from XER[SO] after the instruction is complete.

If CR field 1 is updated by a floating-point instruction with the record bit set,
then the CR bits will be updated as described in Table C-3.

Table C-3 CR Bit Field Settings from Floating-Point Instructions

Bit# | Name Description

0 EX Floating-Point Exception Summary

Copied from FPSCR[FX] after the instruction is complete.
1 FEX Floating-Point Enabled Exception Summary

Copied from FPSCR[FEX] after the instruction is complete.
2 VX Floating-Point Invalid Operation Exception Summary

Copied from FPSCR[VX] after the instruction is complete.
3 oX Floating-Point Overflow Exception

Copied from FPSCR[OX] after the instruction is complete.

Fixed-point compare instructions update the target CR field as summarized in
Table C-4.

Table C-4 CR Bit Field Settings from Fixed-Point Compare Instructions

Bit# | Name Description
0 LT Less. Than .
) Set if (rA) < s16 or if (rA) < (rB).

1 GT Greater Than
Set if (rA) > s16 or if (rA) > (rB).
Equal

2 EQ Set if (rA) = 516 or if (rA) = (rB).

3 50 Summary Overflow

Copied from XER[SO] after the instruction is complete.

Floating-point compare instructions update the target CR field as summarized
in Table C-5.
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Table C-5 CR Bit Field Settings from Floating-Point Compare Instructions

Bit# | Name Description
0 FL Floating-Point Less Than
Set if (frA) < (frB).
1 FG Floating-Point Greater Than
Set if (frA) > (frB).
Floating-Point Equal
2 FE Set if (frA) = (frB).
3 FU Floating-Point Unordered

Set if one or both of (frA) and (frB) is NaN.

C.2 Machine State Register (MSR)

The MSR contains a large number of flags which describe the current processor
state. The bits of the MSR are summarized in Table C-6. Note that not all of the
bits are implemented on all processors.

Table C-6 MSR Bit Settings

Bit# Bit
32-bit | 64-bit | Name Description
64-bit mode
- 0 SF 0 | The processor is running in 32-bit mode.
1 | The processor is running in 64-bit mode.
0 1-32 - Reserved: These bits are saved in SRR1 during interrupts.
1-4 | 33-36 - Reserved
59 | 37-41 - Reserved: These bits are saved in SRR1 during interrupts.
10-12 | 42-44 - Reserved
Power. Management Enable: Not all processors have power management facilities. On
the 601, this bit is unused.
B 45 Pow 0 { The power management facilities are disabled.
1 | The power management facilities are enabled.
14 46 R Implementation-Dependent Function: Interpretation of this bit depends on the
implementation. On the 601, this bit is unused.
Interrupt Little-Endian Mode: On the 601, this bit is unused.
15 47 ILE 0 | The processor should execute interrupts in big-endian mode.
1 | The processor should execute interrupts in little-endian mode.
External Interrupt Enable:
16 48 EE 0 | The processor is disabled against accepting External or becrementer interrupts.
1 | The processor is enabled to accept External or Decrementer interrupts.
Problem State: This bit is sometimes referred to as the “privilege level” bit.
17 49 PR 0 | The processor is allowed to execute both user-level and privileged instructions.
1 | The processor is allowed to execute user-level instructions only.
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Floating-Point Available:
The. processor is not allowed to execute floating-point instructions (including
18 50 FP 0
loads, stores and moves). ‘
1 | The processor is allowed to execute floating-point instructions.
Machine Check Enable:
19 51 ME 0 Machine Check interrupts are disabled. On the 601, a Machine Check interrupt
.| will be taken if HIDO[CE] or HIDO[EM] is cleared.
1 | Machine Check interrupts are enabled.
20 52 FEO Floating-Point Exception Mode 0: This bit, along with FE1, controls the current Floating-
Point Exception Mode. See Table C-7.
Single-Step Trace Enable: This feature may not be present on all implementations.
o1 53 SE 0 | Instructions are executed normally.
1 The processor should generate a Single-Step type Trace interrupt after the
successful execution of an instruction.
Branch Trace Enable: This feature may not be present on all implementations. On the
601, this bit is unused.
2 54 BE 0 | Instructions are executed normally. )
The processor should generate a Branch type Trace interrupt after the
1 | successful execution of a branch instruction (whether or not the branch is
taken)
2 55 FE1 Floating-Point Exception Mode 1: This bit, along with FE0, controls the current Floating-
Point Exception Mode. See Table C-7.
Reserved: This bit is not used by PowerPC processors but is reserved for POWER
compatibility. It corresponds to the Alignment Check (AL) bit and should be set if
POWER compatibility is required. This bit is saved in SRR1 during interrupts.
2 5% (AL) 0 | Alignment checking is off and low-order bits of address are ignored.
1 Alignment checking is on and the processor should generate alignment
interrupts if it is unable to handle a requested unaligned access.
Interrupt Prefix: This bit is sometimes referred to as the Exception Prefix (EP) bit.
Interrupts are vectored through the real address calculated by prepending 0x0s
0 .
25 57 P to the interrupt offset.
1 Interrupts are vectored through the real address calculated by prepending OxFs
to the interrupt offset.
Instruction Relocate: This bit is sometimes referred to as the Instruction Address
Translation (IT) bit.
2% 58 R 0 | Instruction address translation is disabled.
1 | Instruction address translation is enabled.
Data Relocate: This bit is sometimes referred to as the Data Address Translation (DT)
bit.
z 5 DR 0 [Data address translation is disabled.
1 | Data address translation is enabled.
28-29 | 60-61 - Reserved: These bits are saved in SRR1 during interrupts.
Recoverable Interrupt: On the 601, this bit is unused.
30 62 RI 0 | The interrupt is not recoverable.
1 | The interrupt is recoverable.
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Little-Endian Mode: On the 601, this bit is unused.

31 63 LE 0 | The processor is running in big-endian mode.

1 | The processor is running in little-endian mode.

The FEO and FE1 bits of the MSR combine to determine the current floating-
point exception mode. These bits are interpreted as shown in Table C-7.

Table C-7 Floating-Point Exception Modes

FEO FE1 Floating-Point Exception Mode
0 0 | Floating-point interrupts disabled
0 1 Imprecise, non-recoverable interrupts enabled
1 0 Imprecise, recoverable interrupts enabled
1 1 Precise interrupts enabled

C.3 Floating-Point Status and Control Register (FPSCR)

The FPSCR contains a variety of flags that control the operation of floating-point
instructions and addtional flags that indicate exceptional conditions that may
have arisen during the execution of floating-point instructions.

Table C-8 FPSCR Bit Settings

Bit # Ngli:\e ‘ Description

0 FX Floating-Point Exception Summary

1 FEX Floating-Point Enabled Exception Summary

2 VX Floating-Point Invalid Operation Exception Summary
3 OX Floating-Point Overflow Exception

4 UX Floating-Point Underflow Exception

5 zX Floating-Point Zero Divide Exception

6 XX Floating-Point Inexact Exception

7 VXSNAN | Floating-Point Invalid Operation Exception (SNaN)

8 VXISI | Floating-Point fnvulid Operation Exception (oo - 0o)
9 VXIDIL | Floating-Point Invalid Operation Exception (o0 + o)
10 VXZDZ | Floating-Point Invalid Operation Exception (0+ 0)

1 VXIMZ Floating—Poini Invalid Operation Exception (o0 X0)
12 VXVC | Floating-Point Invalid Operation Exception (Invalid Compare)
13 FR | Floating-Point Fraction Rounded
14 H Floating-Point Fraction Inexact
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Floating-Point Result Flags
15 I C Floating-Point Result Class Descriptor
Floating-Point Condition Code
E o 16 FL Floating-Point Less Than or Negative
o117 FG Floating-Point Greater Than or Positive
2 18 FE Floating-Point Equal or Zero
19 FU Floating-Point Unordered or NaN
20 - Reserved
21 VXSOFT | Floating-Point Invalid Operation Exception (Software Request)
22 VXSQRT | Floating-Point Invalid Operation Exception (Invalid Square Root)
23 VXCVI | Floating-Point Invalid Operation Exception (Invalid Integer Convert)
24 VE Floating-Point Invalid Operation Exception Enable
25 OE Floating-Point Overflow Exception Enable
26 UE Floating-Point Underflow Exception Enable
27 ZE Floating-Point Zero Divide Exception Enable
28 XE Floating-Point Inexact Exception Enable
29 NI Floating-Point Non-IEEE Mode
Floating-Point Rounding Control
00 | Round to Nearest
30-31 RN 01 [ Round toward 0
10 | Round toward +oo
11 ) Round toward -eo

C.4 Fixed-Point Exception Register (XER)

The XER contains bits that are updated by some fixed-point instructions to indi-
cate Carry and Overflow conditions. In addition, there are also extra fields that
are used by some of the Load and Store String instructions.

Table C-9 XER Bit Settings

. Bit -
Bit # Name Description

Summary Overflow
0 SO This bit is set whenever any instruction sets the OV bit. This bit
is only cleared by the mtxer and mcrxr instructions.

Overflow

This bit is set when an instruction has an overflow condition.
This bit is updated only if the Overflow Enable (OE) bit of the
instruction is set.

Carry

This bit is set whenever there is a carry out of bit 0 during the
2 CA instruction execution. Only the Add Carrying, Subtract From
Carrying, Add Extended, Subtract From Extended and Shift
Right Algebraic instructions update the carry bit.

3-15 - Reserved
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This 8-bit field contains the compare byte that is used by the
1scbx instruction. Since the 1scbx instruction is not part of the

1623 PowerPC architecture and exists only on the 601, this field is
used only on the 601.
24 Reserved
25-31 This 7-bit field contains the number of bytes that should be

transferred by the 1swx, stswx or 1scbx instructions.
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PowerPC 601
Optimization
Summary

The following list provides a basic “rule of thumb” summary of the techniques
that should be used to minimize the number of pipeline stalls in PowerPC
programs executing on the 601 processor. This is not intended to be a complete
list of all optimization techniques, but is rather a overview of the most
important techniques to be aware of.

Place at least three independent fixed-point instructions between a
compare instruction and a branch dependent on that compare. As long
as a previous instruction doesn’t cause the compare to stall, this will
guarantee that the branch is not dispatched until the compare results
are available.

Place at least four independent fixed-point instructions between a
fixed-point instruction with the Record bit set and a branch dependent
on the results of that instruction. As long as a previous instruction
doesn’t cause the fixed-point instruction to stall, this will cause the
branch to be executed at the same time as the fixed-point instruction
is writing its results to the CR. Multi-cycle fixed-point instructions
will require additional instructions to be inserted.

Place at least four independent fixed-point instructions between a
mtlr or mtetr instruction and a branch dependent on the SPR. As
long as a previous instruction doesn’t cause the Move to SPR
instruction to stall, this will cause the branch to be executed at the
same time as the SPR is being updated.
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For each conditional branch, make sure that there is a fixed-point
instruction within three instructions before the branch. This insures
that the branch has an instruction to tag and prevents it from
generating a bubble. This is expecially important for series of
conditional branches which are not taken — each branch instructions
needs its own fixed-point instruction to tag. Alternating branches and
fixed-point instructions is a common way of addressing this problem.

Between two branch instructions that are taken, up to two fixed-point
instructions can be inserted. If the first branch jumped directly to the
second branch, there would be a stall in the integer pipe while the
target of the second branch was being fetched. Inserting the two
instructions allows the processor to perform useful work during this
time.

For a floating-point instruction with the Record bit set and a branch
dependent on the results of that instruction, place at least three
independent fixed-point instructions before the floating-point
instruction and at least and five independent fixed- or floating-point
instructions between the floating-point and branch instructions. This
will guarantee that the results of the floating-point instruction are
available when the branch is executed.

Place at least one independent fixed-point instruction between a load
of a GPR and an instruction which uses the loaded register value. This
extra instruction will cover the delay assuming a cache hit. More
independent instructions are necessary to cover the delay due to a
cache miss.

Place at least three independent floating-point instructions between
an instruction which updates the FPR and an instruction which uses
the updated value. This will prevent the FPU from stalling until the
data is available. Multi-cycle floating-point instructions will require
additional instructions to be inserted.
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Index

+.0-9

+ (branch instruction suffix), 50, 235
. (integer and floating-point instruction
suffix), 28, 148
.glink, 292-293
.ptrgl, 290-292
32-bit
mode, 23-24, C671
registers, 24
rotate and shift instructions, 96
segmented address translation, 194
64-bit
mode, 23-24, C671
registers, 24
rotate and shift instructions, 96
segmented address translation, 194

A

a (branch instruction suffix), 28
absJo][.], 90
addo][.], 76
addcl[o][.] 76
adde[o][.], 76
addi, 76
extended forms, 77-78, 80

addic[.], 76
extended forms, 80
addis, 76
extended forms, 77, 80
addition, 75-78
timing, 219
addme[o][.], 76
address
effective (EA), 192, 195
fault, 188
physical (PA), 192-194
real (RA), 192-194
virtual (VA), 192-195
Address Space Register (ASR), 22
addze|o][.], 76
AL (MSR), C672
alignment, 10
Alignment Check (MSR[AL]), C672
alloca( ), 287-288
and[.], 86
andc|.], 86
andi[.], 87
andis].], 87
argument, 281-286
argument area, 262-263, 280
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ASR, 22
64-bit mode, 25
instructions, 167-168
associativity (cache), 179
fully associative, 180
n-way set associative, 181

b[1][a], 36
BAT area, 192
bc[1][a], 36
extended forms, 38-41
becetr[1], 36
extended forms, 45-47
belr[l], 36
extended forms, 41-45
BE (BPU stage), 213
BE (MSR), 18, C672
biased exponent, 137
big-endian, 11
binary point, 136
bit numbering, 11
block (cache), 178
block (for BAT), 192
block address translation, 192, 195-196
boolean instructions, 86-88
timing, 220
BPU, 12, 13, 205, 207, 212-213
conflicts, 312-314
pipeline stages
BE, 213
BW, 213
MR, 213
branch
condition encoding, 37
instruction, 35-47
instruction timing
conditional, 233-238
non-conditional, 228-230
prediction, 47-50, 234-238
PowerPC 601, 49
dynamic, 48
hints, 49
static, 48
tags, 230-233
Branch Execute (BPU/BE), 213
Branch Processor Unit (BPU), 12, 13, 205,
207,212-213

682 Index

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

data type, 10

ordering, 11

Cc

C (FPSCR), C674
CA (XER), 16, C674
CACC (CAU stage), 208, 216
cache
associativity, 179
block, 178
coherency, 183-185
dependencies, 335-336
description, 174
direct-mapped, 179
disk cache, 175
fully associative, 180
hit, 176
timing, 238-239
line, 178
memory cache, 174
miss, 176
timing, 239-240, 250
multiple level, 183
sector, 178
split, 182
sub-block, 178
tag, 178
timings
access, 238-240
instruction, 224
unified, 182
Cache Access (CAU/CACC), 208, 216
Cache Access Unit, 205-206, 208, 210-211
Cache Arbitration (CAU/CARB), 208, 216
Caching Inhibited (I), 197
CARB (CAU stage), 208, 216
Carry
CA (XER), 16, C674
CAU, 205-206, 208, 210-211
conflicts, 307



CAU (continued)
pipeline stages
CACC, 208, 216
CARB, 208, 216
timing, 216
CISC
definition, 4
vs. RISC, 3
clear (extended forms), 112-114
clear left and shift left (extended forms),
114-115
clcs, 188
cmp, 84
extended forms, 85-86
cmpi, 84
extended forms, 85-86
cmpl, 84
extended forms, 85-86
cmpli, 84
extended forms, 85-86
cntlzd.], 83
cntlzw|.], 83
code motion, 301-302
code pasting, 345
common subexpression elimination, 300-
301
compare instructions, 84-86
branch dependencies, 323
doubleword, 86
floating-point, 151-152
timing (integer), 221
word, 85
Condition Register, 13, 14, 28, C669-C671
Count Register, 13,17
CR, 13, 14, 28, C669-C671
bits
EQ, 15, C670
FE, 15, 151, C671
FEX, 16, 148, C670
FG, 15, 151, C671
FL, 15, 151, C671
FU, 15, 151, C671
FX, 16, 148, C670
GT, 15, C670
LT, 15, C670
OX, 16, 148, C670
SO, 15, C670
VX, 16, 148, C670

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

crand, 160

crandc, 160

creqv, 160
extended forms, 161

crnand, 160

crnor, 160
extended forms, 161

cror, 160
extended forms, 160

crorc, 160

crxor, 160
extended forms, 160

CSE, 300-301

CTR, 13,17
64-bit mode, 24
branch tags, 231-232
dependencies, 320-323
instructions, 165

D

DAE/Source Instruction Service Register,
19
DAQU, 205, 207, 213-214
conflicts, 314
pipeline stages
FPSB, 214
ISB, 214
DAR, 19
instructions, 167-168
Data Access Queueing Unit (DAQU), 205,
207, 213-214
Data Address Register (DAR), 19

Data Address Translation (MSR[DT]), C672

Data Block Address Translation Register
(DBAT), 20

Data Relocate (MSR[DR]), 18, C672

Data Storage Interrupt Status Register
(DSISR), 19

Index 683



DBAT, 20

block address translation, 196

instructions, 167-168
dcbf, 186

direct store segments, 195
dcbi, 186 )

direct store segments, 195
dcbst, 186

direct store segments, 195
dcbt, 186

direct store segments, 195
dcbtst, 186

direct store segments, 195
dcbz, 186

direct store segments, 195
DEC, 21

instructions, 166-168
Decrementer (DEC), 21
dedicated (register), 251
denormalization, 142-143

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

anti-dependencies, 315

data dependencies, 315

output dependencies, 315
direct address translation, 192, 196
direct-mapped cache, 179
dispatch, 203
Dispatch Stage (DU/DS), 216
Dispatch Unit (DU), 205-206, 208-209
division

calculating the remainder, 82

integer instructions, 81-83

obsolete instructions, 89

timing

floating-point, 226
integer, 220

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

timing, 219
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dozi, 90
timing, 219
DR (MSR), 18, C672
DS, 216
DSISR, 19
instructions, 167-168
DT (MSR), C672
DU, 205-206, 208-209
conflicts, 308
pipeline stages
DS, 216
1Q7-1Q0, 208-209
timing, 216-218
dual cache, 182

E

EA, 192, 195
EAR, 21
instructions, 167, 169
EE (MSR), 18, C671
effective address (EA), 192, 195
effective segment ID (ESID), 194
eieio, 188
endian, 11, 13
EP (MSR), C672
epilog, 261-262
EQ (CR), 15, C670
Equal (CR[EQ]), 15, C670
eqv|.], 86
ESID, 194
exceptions, 144-147
inexact, 147
invalid operation, 145
overflow, 146
underflow, 147
zero divide, 145
Exception Prefix (MSR[EP]), C672
exponent, 135-136
exponent bias, 137
extend sign, 83
External Access Register (EAR), 21
External Interrupt Enable (MSR[EE]), 18,
C671
extract and justify (extended forms), 107-
109
extsb[.], 83
extsh[.], 83
extsw].], 83



F

F1 (FPU stage), 211-212
FA (FAU stage), 208
fabs[.], 149
fadd[s][.], 150
FAU, 205-206, 207-208
conflicts, 307
pipeline stages
FA, 208
fcfid[.], 153
fcmpo, 151
fempu, 151
fetid[z][.], 153
fetiw[z][.], 153
ED (FPU stage), 211-212, 224
fdiv[s][.], 150
FE (CR), 15, 151, C671
FE (FPSCR), C674
FEO (MSR), 18, 144, C672-C673
FE1 (MSR), 18, 144, C672-C673
feed-forwarding, 204, 315
Fetch Arbitrate (FAU/FA), 208
Fetch Arbitration Unit (FAU), 205-206, 207-
208
FEX (CR), 16, 148, C670
FEX (FPSCR), 17, 149, C673
FG (CR), 15, 151, C671
FG (FPSCR), C674
FI (FPSCR), 17, 145, C673
Fixed-Point Exception Register (XER), 12,
16, C674
Fixed-Point Unit (IU), 12, 205-207, 209-211
FL (CR), 15, 151, C671
FL (FPSCR), C674
floating-point
arithmetic, 149-151
comparison, 151-152
conversion instructions, 152-153
conversion algorithms, 155-158
doubleword to FP double, 157-158
FP double to doubleword, 157
FP double to FP single, 155
FP double to integer, 155-156
FP single to FP double, 155
integer to FP double, 156-157
data representation, 135-142
double-precision, 10
instruction timing, 225-228

floating-point (continued)
optional instructions, 153-154
register (FPR), 14
single-precision, 10
tags, 240
timings
instruction, 225-228
precise exceptions, 241-242
Floating-Point Add (FPU/FPA), 211-212
Floating-Point Arithmetic Writeback
(FPU/FWA), 211-212
Floating-Point Available (MSR[FP]), 18,
C672
Floating-Point Condition Code
(FPSCR[FPCC]), C674
Floating-Point Decode (FPU/FD), 211-212,
224
Floating-Point Enabled Exception Summa-
ry (CR[FEX]), 16, 148, C670
Floating-Point Enabled Exception Summa-
ry (FPSCR[FEX]), 17, 149, C673
Floating-Point Equal (CR[FE]), 15, 151,
Co671
Floating-Point Equal (FPSCR[FE]), C674
Floating-Point Exception Mode 0
(MSR[FEQ]), 18, 144, C672-C673
Floating-Point Exception Mode 1
(MSR[FEL1]), 18, 144, C672-C673
Floating-Point Exception Summary
(CR[FX]), 16, 148, C670
Floating-Point Exception Summary
(FPSCR[FX]), 17, 149, C673
Floating-Point Fraction Inexact
(FPSCRJFI]), 17, 145, C673
Floating-Point Fraction Rounded
(FPSCRIFR]), 17, 145, C673
Floating-Point Greater Than (CR[FG]), 15,
151, C671
Floating-Point Greater Than (FPSCR[FG]),
C674
Floating-Point Inexact Exception
(FPSCR[XX]), 17, 147, C673
Floating-Point Inexact Exception Enable
(FPSCRI[XE]), 17, C674
Floating-Point Instruction Queue (FPU/
F1),211-212
Floating-Point Invalid Operation Exception
(eo—e0) (FPSCR[VXISI]), 17, C673
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Floating-Point Invalid Operation Exception
(eotee) (FPSCR[VXIDI]), 17, C673

Floating-Point Invalid Operation Exception
(0+0) (FPSCR[VXZDZ]), 17, C673

Floating-Point Invalid Operation Exception
(eox0) (FPSCR[VXIMZ]), 17, C673

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

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

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

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

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

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

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

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

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

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

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

Floating-Point Multiply (FPU/FPM), 211-
212

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

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

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

Floating-Point Overflow Exception Enable
(FPSCRIOE]), 17, 146-147, C674

Floating-Point Register (FPR), 14

Floating-Point Result Class Descriptor
(FPSCRIC]), C674

Floating-Point Result Flags
(FPSCR[FPRF]), 17, 146-147, C674
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Floating-Point Rounded Control
(FPSCR[RN]), 17, C674
Floating-Point Status and Control Register
(FPSCR), 12, 16, C673-C674
Floating-Point Store Buffer (DAQU/FPSB),
214
Floating-Point Unit (FPU), 12, 205, 207
Floating-Point Unordered (CR[FU]), 15,
151, C671
Floating-Point Unordered (FPSCR[FU]),
C674
Floating-Point Underflow Exception
(FPSCR[UXY]), 17, 147, C673
Floating-Point Underflow Exception En-
able (FPSCR[UE]), 17, 147, C674
Floating-Point Zero Divide Exception
(FPSCR[ZX]), 17, C673
Floating-Point Zero Divide Exception En-
able (FPSCR[ZE]),17, 145-146, C674
fmadd[s][.], 150
fmr[.], 149
fmsub[s][.], 150
fmul[s][.], 150
fnabs][.], 149
fneq|.], 149
fnmadd[s][.], 150
fnmsub[s][.], 150
FP (MSR), 18, C672
FPA (FPU stage), 211-212, 224
FPCC (FPSCR), C674
FPM (FPU stage), 211-212, 224
FPR, 14
dependencies, 333-334
usage conventions, 253
FPRF (FPSCR), 17, 146-147, C674
FPSB (DAQU stage), 214
FPSCR, 12, 16, C673-C674
bits
C, C674
FE, C674
FEX, 17, 149, C673
FG, C674
FI, 17, 145, C673
FL, C674
FPCC, C674
FPREF, 17, 146-147, C674
FR, 17, 145, C673
FU, C674
FX, 17, 149, C673



FPSCR (continued)
bits (continued)
NI, C674
OE, 17, 146-147, C674
0X, 17, 146, 149, C673
RN, 17, C674
UE, 17, 147, C674
UX, 17, 147, C673
VE, 17, 152, C674
VX, 17, 149, C673
VXCVI], 17, C674
VXIDI, 17, C673
VXIMZ, 17, C673
VXI8], 17, C673
VXSNAN, 17, 152, C673
VXSOFT, 17, 145, C674
VXSQRT, 17, C674
VXVC, 17, 152, C673
VXZDZ, 17, C673
XE, 17, C674
XX, 17, 147, C673
ZE, 17, 145-146, C674
ZX, 17, C673
instruction, 161-163
instruction timing, 228
FPU, 12, 205, 207
conflicts, 310-312
pipeline stages, 211-212
F1, 211-212
FD, 211-212, 224
FPA, 211-212, 224
FPM, 211-212, 224
FWA, 211-212, 225
FWL, 211-212, 225-227
FR (FPSCR), 17, 145, C673
fres|.], 154
frsp[.], 153
frsqrtel.], 154
fsell.], 154
fsqrt[s][.], 154
fsub[s][.], 150
FU (CR), 15, 151, C671
FU (FPSCR), C674
fully associative cache, 180
function descriptors, 289
function inlining, 302
FWA (FPU stage), 211-212, 225
FWL (FPU stage), 210-212, 225-227
FX (CR), 16, 148, C670

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

G

General Purpose Register (GPR), 12, 14
General SPR (SPRG), 20
global linkage
.glink, 292-293
.ptrgl, 290-292
GPR, 12,14
dependencies, 330-333
usage conventions, 252
Greater Than (CR[GT]), 15, C670
GT (CR), 15, C670
Guarded Storage (G), 197

H

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

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

IC (IU stage), 210

icbi, 187
direct store segments, 195

ID (IU stage), 210

IE (IU stage), 210

IEEE-754, 12, 135

ILE (MSR), 18, C671

infinities, 139, 141-142

insert (extended forms), 109-111

Instruction Address Translate (MSR[IT]),
C672

Instruction Block Address Translation Reg-
ister (IBAT), 20

Instruction Queue (DU /1Q7-1Q0), 208-209

Instruction Relocate (MSR[IR]), 18, C672

instruction scheduling, 204, 344

Integer Arithmetic Writeback (IU/IWA),
210-211

Integer Load Writeback (IU/IWL), 210-211

Integer Completion (IU/IC), 210

Integer Decode (IU/ID), 210
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Integer Execute (IU/IE), 210
Integer Store Buffer (DAQU/ISB), 214
Integer Unit (IU), 12, 205-207, 209-211
interrupt, 144
Interrupt Little-Endian Mode (MSR[ILE]),
18, C671
Interrupt Prefix (MSR][IP]), 18, C672
IP (MSR), 18, C672
1Q7-IQ0 (DU stages), 208-209
timing 216-218
IR (MSR), 18, C672
ISA (Instruction Set Architecture), 3
ISB (DAQU stage), 214
isync, 187
IT (MSR), C672
10, 12, 205-207, 209-211
conflicts, 308-310
pipeline stages
IC, 210
ID, 210
IE, 210
IWA, 210-211
IWL, 210-211
IWA (IU stage), 210-211
IWL (IU stage), 210-211

L

1 (branch instruction suffix), 28
latency, 202
1bz[u][x], 59
1d[u][x], 63
ldarx, 71
direct store segments, 195
LE (MSR), 18, C673
Less Than (CR[LT]), 15, C670
1£d[u][x], 65
1fs[u][x], 66
lhafu][x], 60
lhbrx, 64
1hz[u][x], 60
line (cache), 178
link area, 262, 279-280
Link Register, 13,17
little-endian, 11
Little-Endian Mode (MSR[LE]), 18, C673
1lmw, 67
Load /Store Unit, 12,13
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load
byte, 59
conditional, 71-72
doubleword, 63
floating-point double, 65
floating-point single, 66
GPR dependencies, 331-332
halfword algebraic, 60
halfword, byte-reversed, 64
halfword with zero, 60
multiple, 66-68, 273
obsolete, 72-73
store dependencies, 334-335
string, 68-71, 72-73
synchronize, 71-72
timing
floating-point, 226-227
integer, 221
misaligned, 243-245
word algebraic, 62
word, byte-reversed, 64
word with zero, 61
locality of reference, 177
spacial, 177
temporal, 177
local storage area, 262-263, 281
logical instructions, 86-88
loop unrolling, 302-303, 345
LR, 13,17
branch tags, 231-232
dependencies, 316-320
instructions, 165
restoring in epilog, 267-268
saving in prolog, 265
LRU, 177, 181
Isb (least significant bit), 11, 13
1scbx[.], 73
LSy, 12,13
lswi, 69
1lswx, 69
LT (CR), 15, C670
lwa[x], 62
lwarx, 71
direct store segments, 195
lwaux, 62
lwbrx, 64
lwz[u][x], 61-62



Machine Check Enable (MSR[ME]), 18,
C672
Machine State Register (MSR), 18, C671-
C673
mask instructions, 129-130
timing, 220
maskg[.], 130
maskir[.], 130
merf, 161
mcrfs, 162
mcrxr, 162
ME (MSR), 18, C672
Memory Coherence (M), 197
MES], 185
mfcr, 161
mffs[.], 162
mfmsr, 164
mfspr, 164
extended forms, 164-170
mfsr, 171
mfsrin, 171
mftb, 170
extended forms, 170
Mispredict Recovery (BPU/MR), 213
mixed cache, 182
MQ, 22
dependencies, 329
instructions, 166
MR (BPU stage), 213
msb (most significant bit), 11, 13
MSR, 18, C671-C673
64-bit mode, 24
bits
AL, C672
BE, 18, C672
DR, 18, C672
DT, C672
EE, 18, C671
EP, C672
FEO0, 18, 144, C672-C673
FE1, 18, 144, C672-C673
FP, 18, C672
ILE, 18, C671
1P, 18, C672
IR, 18, C672
IT, C672
LE, 18, C673

MSR (continued)
bits (continued)
ME, 18, C672
POW, 18, C671
PR, 18, C671
RI, 18, C672
SE, 18, C672
SF, 18, C671
instructions, 163-164
mterf, 162
extended forms, 162
mtfsb0[.], 163
mtfsbl[.], 163
mtfsf[.], 163
extended forms, 163
mtfsfi[.], 163
mtmsr, 164
mtspr, 164
extended forms, 164-170
mtsr, 172
mtsrin, 172
mulfo][.], 89
mulhdfu][.], 81
mulhwfu][.], 80
timing, 220
mulldfo][.], 80
mulli, 81
timing, 219
mullwo][.], 80
multiplication
integer instructions, 80-81
obsolete instructions, 89
timing
floating-point, 226
integer, 219-220
using left shifts, 346-347

Multiply-Quotient Register (MQ), 22

N

nabs]o][.], 90
NaN, 12, 139, 142
nand[.], 86
neglo][.], 83
timing, 219
negate, 83
Negative (CR[LT]), 15, C670
NI (FPSCR), C674
non-speculative instructions, 232

Index
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non-volatile (register), 251
norf.], 86 )
extended forms, 88
normalization, 136, 142-143
normalization timing, 248
prenormalization timing, 246-247
normalized numbers, 138, 140
Not a Number (NaN), 12, 139, 142

o)

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

extended forms, 88
orc|.], 86
oril.], 87

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

P

PA, 192-194
page
definition, 188
for PowerPC processors, 192
page fault, 188
double, 191
physical address (PA), 192-194
pipeline, 201
conflicts, 306
stage, 201-202
planck, 136
Positive (CR[GT]), 15, C670
POW (MSR), 18, C671
Power Management Enable (MSR[POWY]),
18, C671
PR (MSR), 18, C671
predicted (branch), 233
prenormalization timing, 246-247
privilege level (MSR[PR]), C671
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Problem State (MSR[PR]), 18, C671
Processor Version Register (PVR), 19
profiler, 296
prolog, 261-252
PVR, 19

instructions, 167

Q

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

R

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

FPR, 14

GPR, 12, 14

remapping, 316

saving on stack , 270-278

shadowing, 316

SPR, 164-172

usage dependencies, 314-316
register save area, 262-263, 281
remapping (register), 316
replacement algorithms

LRU, 177, 181

random, 182
results (routine), 286-287
retire, 203
rfi, 54
RI (MSR), 18, C672
RISC

definition, 3

vs. CISC, 3
rldel].], 100

extended forms, 102
rldcrf.], 100
rldic[.], 100

extended forms, 115
rldicl[.], 100

extended forms, 102, 105, 109, 113



rldicrf.], 100
extended forms, 104, 109, 113
rldimif.], 100
extended forms, 111
rlmi[.], 130
rlwimi[.], 98
extended forms, 111
rlwinm[.], 98
extended forms, 99, 104-105, 109, 113,
115
rlwnm[.], 98
extended forms, 99
RN (FPSCR), 17, C674
rotate instructions, 97-102
doubleword, 100-102
extended forms, 107-115
obsolete, 130-131
timing, 220
word, 97-100
rounding, 143-144
to single-precision, 153
RPN, 194
rrib[.], 130
RTC, 21,23
instructions, 166, 169

S

s (floating-point instruction suffix), 28, 148
Save and Restore Register (SRR0, SRR1), 18
sc, 54
scheduling, 204, 344
scientific notation, 135
SDR1, 22
64-bit mode, 25
instructions, 167, 169
SE (MSR), 18, C672
sector (cache), 178
segment
direct-store, 21, 192, 195
on PowerPC processors, 192
ordinary, 21, 192
VM, 188
Segment Register (SR), 21
Segment Table (ST), 193
Segment Table Entry (STE), 194
segmented address translation, 192-195
SF (MSR), 18, C671
shadowing (register), 316

shift instructions, 102-107
left, 103-104
multiple-precision
left, 116-124
right, 124-126
right algebraic, 127-129
obsolete, 131-134
right, 104-106
right algebraic, 106-107
timing, 220
sign extension, 83
Signalling NaN (SNaN), 139, 142
significand, 136
single-precision, 10
Single-Step Trace Enable (MSR[SE]), 18,
C672
SLB
instructions, 198-199
slbia, 199
slbie, 199
sld[.], 104
sle[.] 131
sleqf.], 131
sliq[.] 131
slliq[.], 131
sllqf.] 132
slq[.] 132
slw[.], 104
SNaN, 139, 142
snooping, 184
SO (CR), 15, C670
SO (XER), 16, 28, C670, C674
spacial locality, 177
Special Purpose Registers (SPR) 164-172
speculative instructions, 232
split cache, 182
SPR, 164-172
extended forms
obsolete, 165-166, 169-170
supervisor-level, 166-169, 171-172
user-level, 164-165
instructions, 164
timing, 223-224
usage conventions, 253-254
SPRG, 20
instructions, 168-169
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SR, 21
64-bit mode, 25
direct store segments, 195
instructions, 171-172

srad[.], 106

sradil.], 106

sraiq[.], 134

sraq[.], 134

sraw|.], 106

srawi[.], 106

srd[.], 105

sre[.], 132

srea[.], 134

sreqf.], 132

sriq[.], 132

srliq[.], 133

srlq[.], 133

srq[.], 133

SRRO/SRR1, 18
64-bit mode, 25
instructions, 168-169
MSR bits saved, C671-C672

SRU, 12,13

srw[.], 105

ST, 193

stack frame, 255
alloca(),287-288
argument area, 262-263, 280
building frames, 259-261
link area, 262, 279-280
local storage area, 262-263, 281
register save area, 262-263, 281

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

stage (pipeline), 201-202

stale, 183

stb[u][x], 60

std[u][x], 63

stdex., 72
direct store segments, 195

STE, 194
direct store segments, 195

stfd[u][x], 65

stfs[u][x], 66

sthlu][x], 61

sthbrx, 64

sticky bits, 16

stmw, 67

Storage Description Register 1 (SDR1), 22
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store
byte, 60
conditional, 71-72
doubleword, 63
floating-point double, 65
floating-point single, 66
halfword, 61
halfword, byte-reversed, 64
load dependencies, 334-335
multiple, 66-68, 272
string, 68-71
synchronize, 71-72
timing
floating-point, 227
integer, 222-223
misaligned, 244-246
word, 62
word, byte-reversed, 64
strength reduction, 300, 346
stswi, 70
stswx, 70
stw[u][x], 62
stwbrx, 64
stwex., 72
CR dependencies, 327
direct store segments, 195
sub-block (cache), 178
subf[o][.], 78
extended forms, 79
subfc|[o][.], 78
extended forms, 79
subfe[o][.], 78
subfic, 79
subfme[o][.], 78
subfze[o][.], 78
subtraction, 78-80
timing, 219

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

C670, C674

Summary Overflow (CR[SO]}), 15, C670

sync, 187
system linkage instructions, 54-55
System Register Unit (SRU), 12,13



T

tag (branch), 230-233

CTR tags, 231-232

LR tags, 231-232

predicted branch tags, 232-233
tag (cache line), 178
tag (floating-point), 240
TBR, 20-21

instructions, 170-171
td, 50

extended forms, 52-54
tdi, 50

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

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

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

encoding, 51

instructions, 50-54

timings, 224
tw, 50

extended forms, 52-54
twi, 50

extended forms 52-54

U

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

\'}

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

virtual memory, 176, 188-191
virtual page number (VPN), 194-195
Virtual Segment ID (VSID), 193, 195
volatile (register), 251

VPN, 194-195

VSID, 193, 195

VX (CR), 16, 148, C670

VX (FPSCR), 17, 149, C673

VXCVI (FPSCR), 17, C674

VXIDI (FPSCR), 17, C673

VXIMZ (FPSCR), 17, C673

VXISI (FPSCR), 17, C673

VXSNAN (FPSCR), 17, 152, C673
VXSOFT (FPSCR), 17, 145, C674
VXSQRT (FPSCR), 17, C674

VXVC (FPSCR), 17, 152, C673
VXZDZ (FPSCR), 17, C673

w

word, 9
write allocate (cache), 177
write around (cache), 177
write back (cache), 177, 183
write broadcast, 184
write invalidate, 184
write-through
cache, 177, 184
memory access mode (W), 197

X

XE (FPSCR), 17, C674
XER, 12, 16, C674
bits
CA, 16, C674
OV, 16, 28, C674
SO, 16, 28, C670, C674
dependencies, 329-330
instructions, 165
xorf[.], 86
xoril.], 87
xoris[.], 87
XX (FPSCR), 17, 147, C673
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y4

ZE (FPSCR), 17, 145-146, C674
Zero (CR[EQ]), 15, C670
zeros, 139, 141

ZX (FPSCR), 17, C673

694 Index



o take full advantage of the speed and

features of the PowerPC™ chip, pro-

grammers need to master assembly lan-
guage techniques. Written by an expert in the
area, Optimizing PowerPC Code provides
hard-core, cross-platform help at the assembly
language level. Even if you have little need to
write a significant amount of code in assembly
language, the techniques presented here will be
helpful in reading compiler-generated code and
in the debugging process. Beyond simply pre-
senting the information required to write effi-
cient, robust code, this book:

® covers new concepts, such as pipelining,
which are key to effective RISC program-
ming

® discusses the tricks that compilers use to
produce fast code

® cxpands on and corrects limited Motorola
documentation for the PowerPC chip

® provides a handy appendix with in-depth
information on all extended code forms and
related mapping information

Addison-Wesley Publishing Company

Optimizing PowerPC Code is an essential
resource for all high-level programmers, no
matter what platform they are using. The
author’s expertise in assembly language pro-
gramming for RISC-based machines makes his
optimization techniques valuable to anyone
wishing to write fast, efficient code.

Gary Kacmarcik has been working with RISC-
based assembly language programming for
many years on the precursor to the PowerPC,
IBM’s R§/6000, and has developed major
applications with high-level languages in
Macintosh, Windows, and XWindows environ-
ments. He won MacHack Conference’s Best
Paper award for an article on RS/6000 assem-
bly language optimization techniques.

Cover design by Barbara T. Atkinson
Cover art © Michael D. Coe

WIMN“ Ml
9 '780201"408393

ISBN 0-201-40839-2

$39.95 US
$51.95  CANADA




