









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































appear to the low-order side of the R bit, due to either shifting the accumulator right
or to other generation of low-order result bits. The G and R bits participate in the left
shifts with zeros being shifted into the R bit.

Table D-1 shows the significance of the G, R, and X bits with respect to the intermediate
result (IR), the next lower in magnitude representable number (NL), and the next higher in
magnitude representable number (NH).

Table D-1. Interpretation of G, R, and X Bits

G|R| X Interpretation
0| 0| O | IRisexact
o|lo]1 ,

0} 1 0 | IRcloser to NL

0 1 1

1] 0| O | IR midway between NL & NH
0

1 1 0 | IR closer to NH

111 1

The significand of the intermediate result is made up of the L bit, the FRACTION, and the
G, R, and X bits.

The infinitely precise intermediate result of an operation is the result normalized in bits L,
FRACTION, G, R, and X of the ﬂoating-pqint accumulator.

After normalization, the intermediate result is rounded, using the rounding mode specified
by FPSCR[RN]. If rounding causes a carry into C, the significand is shifted right one
position and the exponent is incremented by one. This causes an inexact result and possibly
exponent overflow. Fraction bits to the left of the bit position used for rounding are stored
into the FPR, and low-order bit positions, if any, are set to zero.

Four user-selectable rounding modes are provided through FPSCR[RN] as described in
Section 3.3.5, “Rounding.” For rounding, the conceptual guard, round, and sticky bits are
defined in terms of accumulator bits.

Table D-2 shows the positions of the guard, round, and sticky bits for double-precision and
single-precision floating-point numbers in the IEEE execution model.

&
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Table D-2. Location of the Guard, Round, and Sticky Bits—IEEE Execution Model

Format Guard Round Sticky
Double G bit R bit X bit
Single 24 25 OR of 26-52 G,R,X

Rounding can be treated as though the significand were shifted right, if required, until the
least-significant bit to be retained is in the low-order bit position of the FRACTION. If any
of the guard, round, or sticky bits are nonzero, the result is inexact.

Z1 and Z2, defined in Section 3.3.5, “Rounding,” can be used to approximate the result in
the target format when one of the following rules is used:
* Round to nearest

— Guard bit = 0: The result is truncated. (Result exact (GRX = 000) or closest to
next lower value in magnitude (GRX =001, 010, or 011).

— Guard bit = 1: Depends on round and sticky bits:

Case a: If the round or sticky bit is one (inclusive), the result is incremented
(result closest to next higher value in magnitude (GRX = 101, 110, or 111)).

Case b: If the round and sticky bits are zero (result midway between closest
representable values) then if the low-order bit of the result is one, the result is
incremented. Otherwise (the low-order bit of the result is zero) the result is
truncated (this is the case of a tie rounded to even).

If during the round-to-nearest process, truncation of the unrounded number
produces the maximum magnitude for the specified precision, the following action
is taken:

— Guard bit = 1: Store infinity with the sign of the unrounded result.
— Guard bit = 0: Store the truncated (maximum magnitude) value.

* Round toward zero—Choose the smaller in magnitude of Z1 or Z2. If the guard,
round, or sticky bit is nonzero, the result is inexact.

* Round toward +infinity—Choose Z1.
* Round toward —infinity—Choose Z2.

Where the result is to have fewer than 53 bits of precision because the instruction is a
floating round to single-precision or single-precision arithmetic instruction, the
intermediate result either is normalized or is placed in correct denormalized form before
being rounded.
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D.2 Execution Model for Multiply-Add Type
Instructions

The PowerPC architecture makes use of a special instruction form that performs up to three
operations in one instruction (a multiply, an add, and a negate). With this added capability
comes the special ability to produce a more exact intermediate result as an input to the
rounder. Single-precision arithmetic is similar except that the fraction field is smaller. Note
that the rounding occurs only after add; therefore, the computation of the sum and product
together are infinitely precise before the final result is rounded to a representable format.

The multiply-add significand arithmetic is considered to be performed with a floating-point
accumulator, where bits 1-106 comprise the significand of the intermediate result. The
format is shown in Figure D-2.

[s|c|L| FRACTION x|
0o 1 105

Figure D-2. Multiply-Add 64-Bit Execution Model

The first part of the operation is a multiply. The multiply has two 53-bit significands as
inputs, which are assumed to be prenormalized, and produces a result conforming to the
above model. If there is a carry out of the significand (into the C bit), the significand is
shifted right one position, placing the L bit into the most-significant bit of the FRACTION
and placing the C bit into the L bit. All 106 bits (L bit plus the fraction) of the product take
part in the add operation. If the exponents of the two inputs to the adder are not equal, the
significand of the operand with the smaller exponent is aligned (shifted) to the right by an
amount added to that exponent to make it equal to the other input’s exponent. Zeros are
shifted into the left of the significand as it is aligned and bits shifted out of bit 105 of the
significand are ORed into the X' bit. The add operation also produces a result conforming
to the above model with the X' bit taking part in the add operation.

The result of the add is then normalized, with all bits of the add result, except the X' bit,
participating in the shift. The normalized result serves as the intermediate result that is input
to the rounder.

For rounding, the conceptual guard, round, and sticky bits are defined in terms of
accumulator bits. Table D-3 shows the positions of the guard, round, and sticky bits for
double-precision and single-precision floating-point numbers in the multiply-add execution
model.

Table D-3. Location of the Guard, Round, and Sticky Bits—Multiply-Add Execution

Model
Format Guard | Round Sticky
Double 53 54 OR of 565-105, X'
Single 24 25 OR of 26-105, X'
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The rules for rounding the intermediate result are the same as those given in Section D.1,
“Execution Model for IEEE Operations.”

If the instruction is floating negative multiply-add or floating negative multiply-subtract,
the final result is negated.

Floating-point multiply-add instructions combine a multiply and an add operation without
an intermediate rounding operation. The fraction part of the intermediate product is 106 bits
wide, and all 106 bits take part in the add/subtract portion of the instruction.

Status bits are set as follows:

* Overflow, underflow, and inexact exception bits, the FR and FI bits, and the FPRF
field are set based on the final result of the operation, and not on the result of the
multiplication.

» Invalid operation exception bits are set as if the multiplication and the addition were
performed using two separate instructions (for example, an fmul instruction
followed by an fadd instruction). That is, multiplication of infinity by 0 or of
anything by an SNaN, causes the corresponding exception bits to be set.

D.3 Floating-Point Conversions

This section provides examples of floating-point conversion instructions. Note that some of
the examples use the optional Floating Select (fsel) instruction. Care must be taken in using
fsel if IEEE compatibility is required, or if the values being tested can be NaNs or infinities.

D.3.1 Conversion from Floating-Point Number to Signed Fixed-Point
Integer Word

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

fectiw(z]£2,£1 #convert to fx int
stfd £2,disp(rl) #store float
lwa r3,disp + 4(rl) #load word algebraic

#(use lwz on a 32-bit implementation)
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D.3.2 Conversion from Floating-Point Number to Unsigned Fixed-
Point Integer Word

In a 32-bit implementation, the full convert to unsigned fixed-point integer word function
can be implemented with the sequence shown below, assuming that the floating-point value
to be converted is in FPR1, the value zero is in FPRO, the value 232 _1isin FPR3, the value

231 is in FPR4, the result is returned in GPR3, and a double word at displacement (disp)
from the address in GPR1 can be used as scratch space.
fsel £2,£1,£1,£0 #use 0 if < O

£sub £5,£3,£1 #use max if > max

fsel £2,£5,£2,£3

fsub £5,£2,£4 #subtract 2**31

fcmpu cr2,£2,£4 #use diff if 2 2**31
fsel £2,£5,£5,£2

fetiw([z]£2,£2 #convert to fx int

stfd £2,disp(rl) #store float

lwz r3,disp + 4(rl) #load word

blt cr2,$+8 #add 2**31 if input
xoris r3,r3,0x8000 #was 2 2**31

D.4 Floating-Point Models

This section describes models for floating-point instructions.

D.4.1 Floating-Point Round to Single-Precision Model

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

If frB[1-11] < 897 and frB[1-63] > O then
Do
If FPSCR[UE] = 0 then goto Disabled Exponent Underflow
If FPSCR[UE] = 1 then goto Enabled Exponent Underflow
End

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

If FPSCR[OE] = 0 then goto Disabled Exponent Overflow
If FPSCR[OE] = 1 then goto Enabled Exponent Overflow
End

If frB[1-11] > 896 and frB[1-11] < 1151 then goto Normal Operand
If frB[1-63] = 0 then goto Zero Operand
If frB[1-11] = 2047 then

Do

If frB[12-63] = 0 then goto Infinity Operand

If frB[12] = 1 then goto QNaN Operand

If frB[12] = 0 and frB[13-63] > O then goto SNaN Operand
End

Disabled Exponent Underflow:

sign « frB[0]
If frB[1-11] = O then
Do

exp « -1022
frac[0-52] « 0bO Il frB[12-63]
End
If frB[1-11] > O then

D-6 PowerPC Microprocessor Family: The Programming Environments (32-Bit)



Do
exp « frB[1-11] - 1023
frac[0-52] « Obl Il frB[12-63]
End
Denormalize operand:
GIIR Il X « 0b000
Do while exp < -126
exp «exp+1
frac[0—52] HGHRIX ¢ 0bO !l fracl Gl (RIX)
End
FPSCR[UX] « frac[24-52]IGIIRIIX>0
Round single(sign,exp,frac[0-52],G,R,X)
FPSCR[XX] « FPSCR[XX] | FPSCR[FI]
If frac[0-52] = O then
Do

frD[0] « sign

frD[1-63] < 0

If sign = 0 then FPSCR[FPRF] « “+zero”
If sign = 1 then FPSCR[FPRF] ¢ “-zero”
d

En
If frac[0-52] > O then
Do
If frac[0] = 1 then
Do

If sign = 0 then FPSCR[FPRF] « “+normal number”
If sign = 1 then FPSCR[FPRF] ¢ “-normal number”
End

If frac[0] = O then
Do
If sign = 0 then FPSCR[FPRF] ¢« “+denormalized number”
If sign = 1 then FPSCR[FPRF] « “~denormalized number”
End
Normalize operand:
Do while frac[0] =0
exp «<exp—1
frac[0—52] « frac[1-52] Il Ob0
End
frD[0] « sign
frD[1-11] « exp + 1023
frD[12-63] « frac[1-52]
End
Done

Enabled Exponent Underflow

FPSCR[UX] « 1
sign « frB[0]
IffrB[l—ll] =0 then

ex «-1022
frac[0—52] « 0b0 Il frB[12-63]
d

En
If frB{1-11] > O then
Do

exp « frB[1-11] - 1023
frac[0-52] « Obl Ii frB[12-63]
End

Normalize operand:
Do while frac[0] =0
exp «exp—1
frac[0-52] « frac[1-52] Il ObO
End
Round single(sign,exp,frac[0-52],0,0,0)
FPSCR[XX] « FPSCR[XX] | FPSCRI[FI]
exp < exp + 192
frD[0] « sign
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frD[1-11] « exp + 1023

frD[12-63] « frac[1-52]

If sign = 0 then FPSCR[FPRF] « “+normal number”
If sign = 1 then FPSCR[FPRF] « “~normal number”
Done

Disabled Exponent Overflow

FPSCR[OX] « 1
If FPSCR[RN] = 0b00 then /* Round to Nearest */
Do
If frB[0] = O then frD « 0x7FF0_0000_0000_0000
If frB[0] = 1 then frD « OxFFF0_0000_0000_0000
If frB[0] = O then FPSCR[FPRF] ¢« “+infinity”
If frB[0] = 1 then FPSCR[FPRF] « “~infinity”
End
If FPSCR[RN] = 0b01 then /* Round Truncate */
Do
If frB[0] = O then frD « 0x47EF_FFFF_E(000_0000
If frB[0] = 1 then frD « O0xC7EF_FFFF_E000_0000
If frB[0] = O then FPSCR[FPRF] « “+normal number”
If frB[0] = 1 then FPSCR[FPRF] « “~normal number”

End
If FPSCR[RN] = 0b10 then /* Round to +Infinity */
Do
If frB[0] = O then frD « 0x7FF0_0000_0000_0000
If frB[0] = 1 then frD « O0xC7EF_FFFF_E000_0000
If frB[0] = 0 then FPSCR[FPRF] « “+1nﬁmty”
If frB[0] = 1 then FPSCR[FPRF] ¢« “-~normal number”

End
If FPSCR[RN] = 0b11 then /* Round to -Infinity */
Do

If frB[0] = O then frD « 0x47EF_FFFF_E000_0000
If frB[0] = 1 then frD « 0xFFF0_0000_0000_0000
If frB[0] = O then FPSCR[FPRF] « “+normal number”
If frB[0] = 1 then FPSCR[FPRF] « “~infinity”
End
FPSCR[FR] ¢ undefined
FPSCR[FI] « 1
FPSCR[XX] « 1
Done

Enabled Exponent Overflow

sign « frB[0]
exp « frB[1-11] - 1023
frac[0-52] « Obl Il frB[12-63]
Round single(sign,exp,frac[0~52],0,0,0)
FPSCR[XX] « FPSCR[XX] | FPSCR[FI]
Enabled Overflow
FPSCR[OX] « 1
exp « exp - 192
frD[0] « sign
frD[1-11] « exp + 1023
frD[12-63] « frac[1-52]
If sign = 0 then FPSCR[FPRF] « “+normal number”
If sign = 1 then FPSCR[FPRF] « “~normal number”
Done

Zero Operand

£frD « £rB
If £rB[0] = 0 then FPSCR[FPRF] ¢ “+zero”

If £xrB[0] 1 then FPSCR[FPRF] ¢ “-zero”
FPSCR[FR FI] ¢« 0bO0OO
Done
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Infinity Operand

£frD « £rB

If £rB[0] = O then FPSCR[FPRF] ¢« “+infinity”
If £rB[0] = 1 then FPSCR[FPRF] ¢ “-infinity”
Done

QNaN Operand:

frD « frB[0-34] Il 0b0_0000_0000_0000_0000_0000_0000_0000
FPSCR[FPRF] ¢« “QNaN”

FPSCR[FR FI] « 0b00

Done

SNaN Operand

FPSCR[VXSNAN] « 1
If FPSCR[VE] = 0 then
Do
frD[0-11] « frB[0-11]
frD[12] « 1
frD[13-63] « frB[13-34] Il 0b0_0000_0000_0000_0000_0000_0000_0000
F(;PSCR[FPRF] « “QNaN”
En

FPSCR[FR FI] « 0b00
Done

Normal Operand

sign « £xrB[0]

exp <« £frB[1-11] - 1023

frac[0-52] «O0bl || £rB[12-63]

Round single(sign,exp, frac(0-521,0,0,0)

FPSCR[XX] ¢ FPSCR[XX] | FPSCR[FI]

If exp > +127 and FPSCR[OE] 0 then go to Disabled Exponent Overflow
If exp > +127 and FPSCR[OE] 1 then go to Enabled Overflow
£rD[0] ¢ sign

£rD[(1-11] ¢ exp + 1023

£rD[12-63] ¢ frac[1-52]

If sign 0 then FPSCR[FPRF] ¢ “+normal number”

If sign 1 then FPSCR[FPRF] ¢ “-normal number”

Done

Round Single (sign,exp,frac[0-52],G,R,X)

inc <0
Isb « frac[23]
gbit « frac[24]
it « frac[25]
xbit « (frac[26-52] IGHIIR I X)#0
If FPSCR[RN] = 0b0O then
Do
If sign | Isb Il gbit |l rbit Il xbit = Obulluu then inc « 1
If sign Il 1sb |l gbit Il rbit Il xbit = ObuO11u then inc « 1
If sign Il Isb Il gbit Il rbit I xbit = ObuOlul then inc « 1
End

If FPSCR[RN] = 0b10 then
Do

If sign Il 1sb 1l gbit Il rbit Il xbit = ObOuluu then inc ¢ 1

If sign Il 1sb Il gbit Il rbit Il xbit = 0bOuulu then inc « 1

If sign Il 1sb Il gbit Il rbit Il xbit = 0bOuuul then inc « 1
End

If FPSCR[RN] = 0b11 then
Do
If sign Il Isb Il gbit Il rbit Il xbit = Obluluu then inc « 1

If sign Il 1sb Il gbit Il rbit Il xbit = Obluulu then inc « 1
If sign Il Isb Il gbit Il rbit Il xbit = Obluuul then inc « 1
End
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frac[0-23] « frac[0-23] + inc
If carry_out =1 then
Do

frac[0-23] « Ob1 Il frac[0-22]
exp «exp+1
End

frac[24-52] « (29)0
FPSCR(FR] « inc
FPSCR[FI] « gbit | rbit | xbit
Return

D.4.2 Floating-Point Convert to Integer Model

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

If Floating Convert to Integer Word
Then Do
Then round_mode « FPSCR[RN]
tgt_precision « “32-bit integer”
End

If Floating Convert to Integer Word with round toward Zero
Then Do
round_mode <« 0b01
tgt _precision « “32-bit integer”

En
If Floating Convert to Integer Double Word
Then Do
round_mode < FPSCR[RN]
tgt_precision « “64-bit integer”
En

If Floating Convert to Integer Double Word with Round toward Zero
Then Do
round_mode « 0b01
tgt_precision ¢« “64-bit integer”
d

sign « frB[0]

If frB[1-11] = 2047 and frB[12-63] = 0 then goto Infinity Operand
If frB[1-11] = 2047 and frB[12] = 0 then goto SNaN Operand

If frB[1-11] = 2047 and frB[12] = 1 then goto QNaN Operand

If frB[1-11] > 1054 then goto Large Operand

If frB[1-11] > O then exp « frB[1-11] - 1023 /* exp — bias */

If frB[1-11] = O then exp « -1022

If frB[1-11] > 0 then frac[0-64]¢« 0bO1 Il frB[12-63] Il (11)0 /*normal*/
If frB[1-11] = O then frac[0-64]« 0bO0O Il frB[12-63] Il (11)0 /*denormal*/

gbit Il rbit Il xbit < 0b000

Doi=1,63-exp /*do the loop O times if exp = 63*/
frac[0-64] II gbit Il rbit Il xbit < 0b0 Il frac[0-64] Il gbit Il (rbit | xbit)

End

Round Integer (sign,frac[0-64],gbit,rbit,xbit,round_mode)
In this example, ‘v’ represents an undefined hexadecimal digit. Comparisons ignore the u
bits.

If sign = 1 then frac[0-64] « ~frac[0-64] + 1 /* needed leading 0 for 264 < frB < —263%/

If tgt_precision = “32-bit integer” and frac[0-64] > +2°1

then goto Large Operand

-1
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If tgt_precision = “64-bit integer” and frac{0-64] > +253 — 1
then goto Large Operand
If tgt_precision = “32-bit integer” and frac[0-64] < -—23l

FPSCR[XX] « FPSCR[XX] | FPSCR[FI]

then goto Large Operand

If tgt_precision = “64-bit integer” and frac[0-64] < —263 then goto Large Operand

If tgt_precision = “32-bit integer”
then frD « Oxxuuu_uuuu Il frac[33-64]
If tgt_precision = “64-bit integer” then frD « frac[1-64]
FPSCR[FPRF] ¢« undefined
Done

Round Integer(sign,frac[0-64],gbit,rbit,xbit,round_mode)
In this example, ‘u’ represents an undefined hexadecimal digit. Comparisons ignore the u
bits.

ince 0
If round_mode = 0b00 then
Do
If sign Il frac[64] Il gbit Il rbit Il xbit = Obulluu then inc « 1
If sign |l frac[64] Il gbit |l rbit Il xbit = ObuO11u then inc « 1
If sign Il frac[64] |l gbit Il rbit Il xbit = ObuOlul then inc « 1
End
If round_mode = 0b10 then
Do
If sign Il frac[64] Il gbit |l rbit Il xbit = ObOuluu then inc «1
If sign Il frac[64] Il gbit Il rbit Il xbit = ObOuulu then inc « 1
If sign Il frac[64] Il gbit Il rbit Il xbit = O0bOuuul then inc « 1
End
If round_mode = Ob11 then
Do
If sign |l frac[64] |l gbit Il rbit |l xbit = Obluluu then inc « 1
If sign |l frac[64] Il gbit Il rbit Il xbit = Obluulu then inc « 1
If sign Il frac[64] Il gbit Il rbit Il xbit = Obluuul then inc « 1
End
frac[0-64] « frac[0-64] + inc
FPSCR[FR] « inc
FPSCR[FI] « gbit | rbit | xbit
Return

Infinity Operand

FPSCR[FR FI VXCVI] « 0b001
If FPSCR[VE] = 0 then Do
If tgt_precision = “32-bit integer” then
Do

If sign = 0 then frD « Oxuuuu_uuuu_7FFF_FFFF
If sign = 1 then frD « Oxuuuu_uuuu_8000_0000 -
End
Else
Do
If sign = 0 then frD « Ox7FFF_FFFF_FFFF_FFFF
Ig sign = 1 then frD « 0x8000_0000_0000_0000
En
FPSCR[FPRF] « undefined
End

Done

SNaN Operand

FPSCR[FR FI VXCVI VXSNAN] « 0b0011
If FPSCR[VE] = 0 then
Do
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If tgt_precision = “32-bit integer”
then frD « Oxuuuu_uuuu_8000_0000
If tgt_precision = “64-bit integer”
then frD « 0x8000_0000_0000_0000
FPSCR[FPRF] ¢« undefined
End
Done

QNaN Operand

FPSCR[FR FI VXCVI] « 0b001
If FPSCR[VE] = 0 then
Do
If tgt_precision = “32-bit integer” then frD ¢« Oxuuuu_uuuu_8000_0000
If tgt_precision = “64-bit integer” then frD « 0x8000_0000_0000_0000
FPSCR[FPRF] ¢« undefined
End
Done

Large Operand

FPSCRI[FR FI VXCVI]] « 0b001
If FPSCR[VE] = 0 then Do
If tgt_precision = “32-bit integer” then
Do

If sign = 0 then frD « Oxuuuu_uuuu_7FFF_FFFF
If sign = 1 then frD « Oxuuuu_uuuu_8000_0000
End
Else
Do
If sign = 0 then frD « Ox7FFF_FFFF_FFFF_FFFF
If sign = 1 then frD « 0x8000_0000_0000_0000
End
FPSCR[FPRF] ¢« undefined
End

Done

D.4.3 Floating-Point Convert from Integer Model

The following describes, algorithmically, the operation of the floating-point convert from
integer instructions.

sign « frB[0]
exp « 63
frac[0-63] « frB

If frac[0-63] = 0 then go to Zero Operand
If sign = 1 then frac[0-63] « —frac[0-63] + 1

Do while frac[0] =0
frac[0—63] « frac[1-63] Il '0’
exp«exp-1

Round Float(sign,exp,frac[0—63], FPSCR[RN])

If sign = 1 then FPSCR[FPRF] « “~normal number”
If sign = 0 then FPSCR[FPRF] « “+normal number”
frD[0] « sign

frD[1-11] «exp + 1023

frD[12-63] ¢ frac[1-52]

Done
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Zero Operand

FPSCR([FR FI] « 0b00
FPSCR[FPRF] ¢« “+zero”

frD « 0x0000_0000_0000_0000
Done

Round Float(sign,exp,frac[0—63],round_mode)

In this example ‘u’ represents an undefined hexadecimal digit. Comparisons ignore the u
bits.

inc « 0

Isb & frac[52]

gbit « frac[53]

rbit « frac[54]

xbit « frac[55-63] >0

If round_mode = 0b0O then
Do

If sign Il 1sb Il gbit Il rbit If xbit = Obulluu then inc « 1
If sign Il 1sb Il gbit Il rbit il xbit = ObuO11u then inc « 1
If sign Il Isb 1l gbit i rbit |l xbit = ObuOlul then inc « 1
d

En
If round_mode = 0b10 then
Do

If sign |l Isb |l gbit Il rbit Il xbit = ObOuluu then inc « 1
If sign Il 1sb Il gbit Il rbit Il xbit = 0bOuulu then inc « 1
If sign Il Isb Il gbit |l rbit Il xbit = 0bOuuul then inc « 1
d

En
If round_mode = Ob11 then
Do

If sign Il 1sb |l gbit Il rbit Il xbit = Obluluu then inc « 1
If sign Il Isb |I gbit Il rbit Il xbit = Obluulu then inc « 1
Ig sign |l Isb Il gbit Il rbit Il xbit = Obluuul then inc « 1
En

frac[0-52] ¢ frac[0-52] + inc

If carry_out = 1 then exp < exp + 1

FPSCR[FR] « inc

FPSCR[FI] « gbit | rbit | xbit

FPSCR[XX] « FPSCR[XX] | FPSCR[FI]

Return

D.5 Floating-Point Selection

The following are examples of how the optional fsel instruction can be used to implement
floating-point minimum and maximum functions, and certain simple forms of if-then-else
constructions, without branching.

The examples show program fragments in an imaginary, C-like, high-level programming
language, and the corresponding program fragment using fsel and other PowerPC
instructions. In the examples, a, b, x, y, and z are floating-point variables, which are
assumed to be in FPRs fa, fb, fx, fy, and fz. FPR fs is assumed to be available for scratch
space.

Additional examples can be found in Section D.3, “Floating-Point Conversions.”

Note that care must be taken in using fsel if IEEE compatibility is required, or if the values
being tested can be NaNs or infinities; see Section D.5.4, “Notes.”
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D.5.1 Comparison to Zero

This section provides examples in a program fragment code sequence for the comparison
to zero case.

High-level language: PowerPC:
ifa200thenx ¢~y fsel fx, fa, fy, fz (see Section D.5.4, “Notes” number 1)
elsex ¢~z
ifa>0.0thenx <y fneg fs, fa
elsex ¢z fsel fx, fs, fz, fy (see Section D.5.4, “Notes” numbers 1 and 2)
ifa=0.0thenx ¢y fsel fx, fa, fy, fz
elsex ¢—z fneg fs, fa

fsel fx, fs, fx, fz (see Section D.5.4, “Notes” number 1)

D.5.2 Minimum and Maximum
This section provides examples in a program fragment code sequence for the minimum and
maximum cases.

High-level language: PowerPC:

X ¢<— min(a, b) fsub fs, fa, fb (see Section D.5.4, “Notes” numbers 3, 4, and 5)
: fsel fx, fs, fb, fa

X ¢— max(a, b) fsub fs, fa, fb (see Section D.5.4, “Notes” numbers 3, 4, and 5)
fsel fx, fs, fa, fb

D.5.3 Simple If-Then-Else Constructions

This section provides examples in a program fragment code sequence for simple if-then-
else statements.

High-level language: PowerPC:
ifazbthenx ¢y fsub fs, fa, fb

elsex ¢~z fsel fx, fs, fy, fz (see Section D.5.4, “Notes” numbers 4 and 5)
ifa>bthen x ¢~y fsub fs, fb, fa

elsex ¢z fsel fx, fs, fz, fy (see Section D.5.4, “Notes” numbers 3, 4, and 5)
ifa=bthenx ¢~y fsub fs, fa, fb

else x ¢z fsel fx, fs, fy, fz

fneg fs, fs

fsel fx, fs, fx, fz (see Section D.5.4, “Notes” numbers 4 and 5)

D.5.4 Notes

The following notes apply to the examples found in Section D.5.1, “Comparison to Zero,”
Section D.5.2, “Minimum and Maximum,” and Section D.5.3, “Simple If-Then-Else
Constructions,” and to the corresponding cases using the other three arithmetic relations (<,
<, and #). These notes should also be considered when any other use of fsel is contemplated.
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In these notes the “optimized program” is the PowerPC program shown, and the
“unoptimized program” (not shown) is the corresponding PowerPC program that uses
fempu and branch conditional instructions instead of fsel.

1. The unoptimized program affects the VXSNAN bit of the FPSCR, and therefore
may cause the system error handler to be invoked if the corresponding exception is
enabled, while the optimized program does not affect this bit. This property of the
optimized program is incompatible with the IEEE standard. (Note that the
architecture specification also refers to exceptions as interrupts.)

2. The optimized program gives the incorrect result if ‘a’ is a NaN.

3. The optimized program gives the incorrect result if ‘a’ and/or ‘b’ is a NaN (except
that it may give the correct result in some cases for the minimum and maximum
functions, depending on how those functions are defined to operate on NaNs).

4. The optimized program gives the incorrect result if ‘a’ and ‘b’ are infinities of the
same sign. (Here it is assumed that invalid operation exceptions are disabled, in
which case the result of the subtraction is a NaN. The analysis is more complicated
if invalid operation exceptions are enabled, because in that case the target register of
the subtraction is unchanged.)

5. The optimized program affects the OX, UX, XX, and VXISI bits of the FPSCR, and
therefore may cause the system error handler to be invoked if the corresponding
exceptions are enabled, while the unoptimized program does not affect these bits.
This property of the optimized program is incompatible with the IEEE standard.

D.6 Floating-Point Load Instructions

There are two basic forms of load instruction—single-precision and double-precision.
Because the FPRs support only floating-point double format, single-precision load floating-
point instructions convert single-precision data to double-precision format prior to loading
the operands into the target FPR. The conversion and loading steps follow:

Let WORDI[0-31] be the floating point single-precision operand accessed from memory.

Normalized Operand
If WORD[1-8] > 0 and WORD[1-8] < 255
£rD(0-1] ¢— WORD[0-1]
£xD[2] ¢ - WORD[1]
£rD[3] ¢ -~ WORD[1]
£xrD[4] ¢~ -~ WORD[1]
£rD[5-63] < WORD[2-31] || (29)0

Denormalized Operand

If WORD[1-8] = 0 and WORD[9-31] # O
sign ¢~ WORDI[O0]

exp ¢ -126
frac[0-52] ¢ 0b0O || WORD[9-31] || (29)0
normalize the operand
Do while frac[0] = 0
frac ¢ frac[1-52] || 0bO
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exp ¢ exp - 1
End
£rD[0] ¢ sign
£rD[1-11] ¢ exp + 1023
£rD[12-63] ¢ frac[1-52]

Infinity / QNaN / SNaN / Zero
If WORD[1-8] = 255 or WORD[1-31] = 0
£rD[0-1] ¢ WORD[0-1] :
£rD[2] ¢ WORD[1]
£rD[3] ¢ WORD[1]
£rD[4] ¢ WORD[1]
£rD[5-63] ¢ WORD[2-31] || (29)0
For double-precision floating-point load instructions, no conversion is required as the data
from memory is copied directly into the FPRs.

Many floating-point load instructions have an update form in which register rA is updated
with the EA. For these forms, if operand rA # 0, the effective address (EA) is placed into
register rA and the memory element (word or double word) addressed by the EA is loaded
into the floating-point register specified by operand frD; if operand rA = 0, the instruction
form is invalid.

Récall that rA, rB, and rD denote GPRs, while frA, frB, frC, frS, and frD denote FPRs.

D.7 Floating-Point Store Instructions

There are three basic forms of store instruction—single-precision, double-precision, and
integer. The integer form is provided by the optional stfiwx instruction. Because the FPRs
support only floating-point double format for floating-point data, single-precision store
floating-point instructions convert double-precision data to single-precision format prior to
storing the operands into memory. The conversion steps follow:

Let WORD[0-31] be the word written to in memory.

No Denormalization Required (includes Zero/Infinity/NaN)

if £rS[1-11] > 896 or £rS[1-63] = 0 then
WORD[0-1] ¢ £rS[0-1)
WORD([2-31] ¢ £rsS[5-34]

Denormalization Required

if 874 < £rs[1-11] < 896 then
sign ¢ £rs[0]
exp ¢ £frs[1-11] - 1023
frac ¢ 0bl || £rs[12-63]
Denormalize operand
Do while exp < -126
frac ¢~ 0b0 || frac[0-62]
exp ¢ exp + 1
End
WORD[0] ¢~ sign
WORD[1-8] ¢ 0x00
WORD[9-31] ¢ frac[1-23]
else WORD ¢— undefined
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Notice that if the value to be stored by a single-precision store floating-point instruction is
larger in magnitude than the maximum number representable in single format, the first case
mentioned, “No Denormalization Required,” applies. The result stored in WORD is then a
well-defined value, but is not numerically equal to the value in the source register (that is,
the result of a single-precision load floating-point from WORD will not compare equal to
the contents of the original source register).

Note that the description of conversion steps presented here is only a model. The actual
implementation may vary from this description but must produce results equivalent to what
this model would produce.

It is important to note that for double-precision store floating-point instructions and for the
store floating-point as integer word instruction no conversion is required as the data from
the FPR is copied directly into memory.
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Appendix E
Synchronization Programming
Examples

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

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

E.1 General Information

The following points provide general information about the Iwarx and stwcx. instructions:

In general, Iwarx and stwcx. instructions should be paired, with the same effective
address (EA) used for both. The only exception is that an unpaired stwex. instruction
to any (scratch) effective address can be used to clear any reservation held by the
processor.

It is acceptable to execute an Iwarx instruction for which no stwex. instruction is
executed. Such a dangling lwarx instruction occurs in the example shown in
Section E.2.5, “Test and Set,” if the value loaded is not zero.

To increase the likelihood that forward progress is made, it is important that looping
on lwarx/stwcx. pairs be minimized. For example, in the sequence shown in
Section E.2.5, “Test and Set,” this is achieved by testing the old value before
attempting the store—were the order reversed, more stwcx. instructions might be
executed, and reservations might more often be lost between the lwarx and the
stwcx. instructions.

The manner in which lwarx and stwex. are communicated to other processors and
mechanisms, and between levels of the memory subsystem within a given processor,
is implementation-dependent. In some implementations, performance may be
improved by minimizing looping on an lwarx instruction that fails to return a
desired value. For example, in the example provided in Section E.2.5, “Test and
Set,” if the program stays in the loop until the word loaded is zero, the programmer
can change the “bne- $+12” to “bne- loop.”
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In some implementations, better performance may be obtained by using an ordinary
load instruction to do the initial checking of the value, as follows:

loop: lwz r5,0(xr3) #load the word
cmpwi r5,0 #loop back if word
bne- loop #not equal to 0
lwarx r5,0,r3 #try again, reserving
cmpwi r5,0 #(likely to succeed)
bne loop #try to store nonzero
stwex. 1r4,0,xr3 #
bne- loop #loop if lost reservation

» In a multiprocessor, livelock (a state in which processors interact in a way such that
no processor makes progress) is possible if a loop containing an lwarx/stwcx. pair
also contains an ordinary store instruction for which any byte of the affected
memory area is in the reservation granule of the reservation. For example, the first
code sequence shown in Section E.5, “List Insertion,” can cause livelock if two list
elements have next element pointers in the same reservation granule.

E.2 Synchronization Primitives

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

E.2.1 Fetch and No-Op

The fetch and no-op primitive atomically loads the current value in a word in memory. In
this example, it is assumed that the address of the word to be loaded is in GPR3 and the data
loaded are returned in GPR4.

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

The stwcx., if it succeeds, stores to the destination location the same value that was loaded
by the preceding lwarx. While the store is redundant with respect to the value in the
location, its success ensures that the value loaded by the lwarx was the current value (that
is, the source of the value loaded by the lwarx was the last store to the location that
preceded the stwcx. in the coherence order for the location).
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E.2.2 Fetch and Store
The fetch and store primitive atomically loads and replaces a word in memory.

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

loop: lwarx r5,0,r3 #load and reserve
stwex. 1r4,0,r3 #store new value if still reserved
bne- loop #loop if lost reservation

E.2.3 Fetch and Add
The fetch and add primitive atomically increments a word in memory.

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

loop: lwarx r5,0,r3 #load and reserve
add r0,xr4,r5 #increment word
stwex. x0,0,r3 #store new value if still reserved
bne- loop #loop if lost reservation

E.2.4 Fetch and AND
The fetch and AND primitive atomically ANDs a value into a word in memory.

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

loop: lwarx x5,0,r3 #load and reserve
and r0,r4,r5 #AND word
stwex. x0,0,r3 #store new value if still reserved
bne- loop #loop if lost reservation

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

E.2.5 Test and Set

This version of the test and set primitive atomically loads a word from memory, ensures that
the word in memory is a nonzero value, and sets CRO[EQ] according to whether the value
loaded is zero.

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

loop: lwarx r5,0,r3 #load and reserve
cmpwi r5, 0 #done if word
bne $+12 #not equal to 0
stwex. r4,0,r3 #try to store non-zero
bne- loop #loop if lost reservation
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E.3

Compare and Swap

The compare and swap primitive atomically compares a value in a register with a word in
memory. If they are equal, it stores the value from a second register into the word in
memory. If they are unequal, it loads the word from memory into the first register, and sets
the EQ bit of the CRO field to indicate the result of the comparison.

In this example, it is assumed that the address of the word to be tested is in GPR3, the word

that is
GPR4.

loop:

exit:
Notes:
1.

2.

compared is in GPR4, the new value is in GPRS, and the old value is returned in

lwarx r6,0,r3 #load and reserve
cmpw rd,r6 #first 2 operands equal ?

bne- exit #skip if not

stwex. r5,0,r3 #store new value if still reserved
bne- loop #loop if lost reservation

mr r4,xr6 #return value from memory

The semantics in this example are based on the IBM System/370™ compare and
swap instruction. Other architectures may define this instruction differently.

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

In some applications, the second bne- instruction and/or the mr instruction can be
omitted. The first bne- is needed only if the application requires that if the EQ bit of
CRO field on exit indicates not equal, then the original compared value in r4 and ré6
are in fact not equal. The mr is needed only if the application requires that if the
compared values are not equal, then the word from memory is loaded into the
register with which it was compared (rather than into a third register). If either, or
both, of these instructions is omitted, the resulting compare and swap does not obey
the IBM System/370 semantics.
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E.4 Lock Acquisition and Release

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

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

lock: 1i rd,1 #obtain lock
loop: bl test_and_set #test and set
bne- loop #retry until old = 0

#delay subsequent instructions until
#previous ones complete

isync

blr #return

The unlock procedure writes a zero to the lock location. If the access to the shared resource
includes write operations, most applications that use locking require the processor to
execute a sync instruction to make its modification visible to all processors before releasing
the lock. For this reason, the unlock procedure in the following example begins with a sync.

unlock: sync #delay until prior stores finish
1i rl,0
stw rl,0(x3) #store zero to lock location
blr #return
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E.5 List Insertion

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

The next element pointer from the list element after which the new element is to be inserted,
here called the parent element, is stored into the new element, so that the new element
points to the next element in the list—this store is performed unconditionally. Then the
address of the new element is conditionally stored into the parent element, thereby adding
the new element to the list.

In this example, it is assumed that the address of the parent element is in GPR3, the address
of the new element is in GPR4, and the next element pointer is at offset zero from the start
of the element. It is also assumed that the next element pointer of each list element is in a
reservation granule separate from that of the next element pointer of all other list elements.

loop: lwarx r2,0,r3 #get next pointer
stw r2,0(r4)#store in new element
sync #let store settle (can omit if not MP)
stwex. r4,0,r3 #add new element to list
bne- loop #loop if stwex. failed

In the preceding example, if two list elements have next element pointers in the same
reservation granule in a multiprocessor system, livelock can occur.

If it is not possible to allocate list elements such that each element’s next element pointer
is in a different reservation granule, livelock can be avoided by using the following
sequence:

lwz r2,0(r3)#get next pointer

loopl: mr r5,r2 #keep a copy
stw r2,0(xr4)#store in new element
sync #let store settle

loop2: 1lwarx r2,0,r3 #get it again
cmpw r2,r5 #loop if changed (someone
bne- loopl #else progressed)
stwex. r4,0,r3 #add new element to list
bne- loop2 #loop if failed
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Appendix F
Simplified Mnemonics

This appendix is provided in order to simplify the writing and comprehension of assembler
language programs. Included are a set of simplified mnemonics and symbols that define the
simple shorthand used for the most frequently-used forms of branch conditional, compare,
trap, rotate and shift, and certain other instructions. (Note that the architecture specification
refers to simplified mnemonics as extended mnemonics.)

F.1 Symbols

The symbols in Table F-1 are defined for use in instructions (basic or simplified
mnemonics) that specify a condition register (CR) field or a bit in the CR.

Table F-1. Condition Register Bit and Identification Symbol Descriptions

Symbol | Value :iatn'g:w Description

It 0 — Less than. Identifies a bit number within a CR field.

ot 1 — Greater than. Identifies a bit number within a CR field.

eq 2 — Equal. Identifies a bit number within a CR field.

so 3 _ Summary overflow. Identifies a bit number within a CR field.
un 3 —_ Unordered (after floating-point comparison). Identifies a bit number in a CR field.
cro 0 0-3 CRo field

crl 1 4-7 CR1 field

cr2 2 8-11 CR2 field

cr3 3 12-15 CRa3 field

cr4 4 16-19 CRA4 field

crs 5 20-23 CREs field

cré 6 24-27 CReé field

cr7 7 28-31 CRY7 field

Note: To identify a CR bit, an expression in which a CR field symbol is multiplied by 4 and then added to a bit-number-
within-CR-field symbol can be used.

Appendix F. Simplified Mnemonics F-1



Note that the simplified mnemonics in Section F.5.2, “Basic Branch Mnemonics,” and
Section F.6, “Simplified Mnemonics for Condition Register Logical Instructions,” require
identification of a CR bit—if one of the CR field symbols is used, it must be multiplied by
4 and added to a bit-number-within-CR-field (value in the range of 0-3, explicit or
symbolic). The simplified mnemonics in Section F.5.3, “Branch Mnemonics Incorporating
Conditions,” and Section F.3, “Simplified Mnemonics for Compare Instructions,” require
identification of a CR field—if one of the CR field symbols is used, it must not be multiplied
by 4. (For the simplified mnemonics in Section F.5.3, “Branch Mnemonics Incorporating
Conditions,” the bit number within the CR field is part of the simplified mnemonic. The CR
field is identified, and the assembler does the multiplication and addition required to
produce a CR bit number for the BI field of the underlying basic mnemonic.)

F.2 Simplified Mnemonics for Subtract Instructions

This section discusses simplified mnemonics for the subtract instructions.

F.2.1 Subtract Immediate

Although there is no subtract immediate instruction, its effect can be achieved by using an
add immediate instruction with the immediate operand negated. Simplified mnemonics are
provided that include this negation, making the intent of the computation more clear.

subi rD,rA,value (equivalentto  addi rD,rA,-value)

subis rD,rA,value (equivalentto  addis rD,rA,—value)
subic rD,rA,value (equivalentto  addic rD,rA,~value)
subic. rD,rA,value (equivalentto  addic. rD,rA,—value)

F.2.2 Subtract

The subtract from instructions subtract the second operand (rA) from the third (rB).
Simplified mnemonics are provided that use the more normal order in which the third
operand is subtracted from the second. Both these mnemonics can be coded with an o suffix
and/or dot (.) suffix to cause the OE and/or Rc bit to be set in the underlying instruction.

sub rD,rA,rB (equivalentto  subf rD,rB,rA)
subc rD,rA,rB (equivalentto  subfc rD,rB,rA)
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F.3 Simplified Mnemonics for Compare Instructions

The crfD field can be omitted if the result of the comparison is to be placed into the CRO
field. Otherwise, the target CR field must be specified as the first operand. One of the CR
field symbols defined in Section F.1, “Symbols,” can be used for this operand.

Note that the basic compare mnemonics of PowerPC are the same as those of POWER, but
the POWER instructions have three operands while the PowerPC instructions have four.
The assembler recognizes a basic compare mnemonic with the three operands as the
POWER form, and generates the instruction with L = 0. The crfD field can normally be
omitted when the CRO field is the target.

F.3.1 Word Comparisons

The instructions listed in Table F-2 are simplified mnemonics that should be supported by
assemblers for all PowerPC implementations.

Table F-2. Simplified Mnemonics for Word Compare Instructions

Operation Simplified Mnemonic Equivalent to:
Compare Word Immediate cmpwi crfD,rA,SIMM cmpi crfD,0,rA,SIMM
Compare Word cmpw crfD,rA,rB cmp crfD,0,rA,rB
Compare Logical Word Immediate cmplwi crfD,rA,UIMM cmpli crfD,0,rA,UIMM
Compare Logical Word cmplw crfD,rA,rB cmpl crfD,0,rA,rB

Following are examples using the word compare mnemonics.

1. Compare rA with immediate value 100 as signed 32-bit integers and place result in

CRO.

cmpwi rA,100 (equivalentto  cmpi 0,0,rA,100)
2. Same as (1), but place results in CR4.

cmpwi cr4,rA,100 (equivalentto  cmpi 4,0,rA,100)
3. Compare rA and rBas unsigned 32-bit integers and place result in CRO.

cmplw rA,rB (equivalentto  cmpl 0,0,rA,rB)
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F.4 Simplified Mnemonics for Rotate and Shift

Instructions

The rotate and shift instructions provide powerful and general ways to manipulate register
contents, but can be difficult to understand. Simplified mnemonics that allow some of the
simpler operations to be coded easily are provided for the following types of operations:

Extract—Select a field of n bits starting at bit position b in the source register; left
or right justify this field in the target register; clear all other bits of the target register.

Insert—Select a left-justified or right-justified field of » bits in the source register;
insert this field starting at bit position b of the target register; leave other bits of the
target register unchanged. (No simplified mnemonic is provided for insertion of a
left-justified field, when operating on double words, because such an insertion
requires more than one instruction.)

Rotate—Rotate the contents of a register right or left n bits without masking.

Shift—Shift the contents of a register right or left n bits, clearing vacated bits
(logical shift).

Clear—Clear the leftmost or rightmost # bits of a register.

Clear left-and shift left—Clear the leftmost b bits of a register, then shift the register

left by n bits. This operation can be used to scale a (known non-negative) array index
by the width of an element.

F.4.1 Operations on Words

The operations shown in Table F-3 are available in all implementations. All these
mnemonics can be coded with a dot (.) suffix to cause the Rc bit to be set in the underlying
instruction.

F-4
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Table F-3. Word Rotate and Shift Instructions

Operation

Simplified Mnemonic

Equivalent to:

Extract and left justify immediate

extiwi rA,rS,n,b (n> 0)

riwinm rA,rS,b,0,n -1

Extract and right justify immediate

extrwi rA,rS,n,b (n > 0)

rlwinm rA,rS,b + n, 32 - n,31

Insert from left immediate

inslwi rA,rS,n,b (n > 0)

riwimi rA,rS,32 - b,b,(b + n) — 1

Insert from right immediate

insrwi rA,rS,n,b (n > 0)

riwimi rA,rS,32 — (b + n),b,(b +n) - 1

Rotate left immediate

rotiwi rA,rS,n

riwinm rA,rS,n,0,31

Rotate right immediate

rotrwi rA,rS,n

riwinm rA,rS,32 - n,0,31

Rotate left

rotlw rA,rS,rB

rlwnm rA,rS,rB,0,31

Shift left immediate

siwi rA,rS,n (n < 32)

riwinm rA,rS,n,0,31 — n

Shift right immediate

srwi rA,rS,n (n < 32)

rlwinm rA,rS,32 - n,n,31

Clear left immediate

clriwi rA,rS,n (n < 32)

riwinm rA,rS,0,n,31

Clear right immediate

clrrwi rA,rS,n (n < 32)

riwinm rA,rS,0,0,31 - n

Clear left and shift left immediate clrisiwi rA,rS,b,n (n< b< 31) riwinm rA,rS,n,b- n31-n

Examples using word mnemonics follow:

1. Extract the sign bit (bit 0) of rS and place the result right-justified into rA.
extrwi rA,rS,1,0 (equivalentto  rlwinm rA,rS,1,31,31)

2. Insert the bit extracted in (1) into the sign bit (bit 0) of rB.

insrwi rB,rA,1,0 (equivalentto  rlwimi rB,rA,31,0,0)
3. Shift the contents of rA left 8 bits.
slwi rA,rA,8 (equivalentto  rlwinm rA,rA,8,0,23)
4. Clear the high-order 16 bits of rS and place the result into rA.
clrlwi rA,rS,16 (equivalentto  rlwinm rA,rS,0,16,31)
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F.5 Simplified Mnemonics for Branch Instructions

Mnemonics are provided so that branch conditional instructions can be coded with the
condition as part of the instruction mnemonic rather than as a numeric operand. Some of
these are shown as examples with the branch instructions.

The mnemonics discussed in this section are variations of the branch conditional
instructions.

F.5.1 BO and BI Fields
The 5-bit BO field in branch conditional instructions encodes the following operations.

* Decrement count register (CTR)

* Test CTR equal to zero

¢ Test CTR not equal to zero

* Test condition true

e Test condition false

* Branch prediction (taken, fall through)

The 5-bit BI field in branch conditional instructions specifies which of the 32 bits in the CR
represents the condition to test.

To provide a simopliﬁed mnemonic for every possible combination of BO and BI fields
would require 210 = 1024 mnemonics and most of these would be only marginally useful.
The abbreviated set found in Section F.5.2, “Basic Branch Mnemonics,” is intended to
cover the most useful cases. Unusual cases can be coded using a basic branch conditional
mnemonic (be, belr, beetr) with the condition to be tested specified as a numeric operand.

F.5.2 Basic Branch Mnemonics

The mnemonics in Table F-4 allow all the common BO operand encodings to be specified
as part of the mnemonic, along with the absolute address (AA), and set link register (LR)
bits.

Notice that there are no simplified mnemonics for relative and absolute unconditional
branches. For these, the basic mnemonics b, ba, bl, and bla are used.

Table F-4 provides the abbreviated set of simplified mnemonics for the most commonly
performed conditional branches.
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Table F-4. Simplified Branch Mnemonics

LR Update Not Enabled LR Update Enabled
Branch Semantice be bca belr becetr bel bcla belrl beetrl
Relative | Absolute | to LR to CTR | Relative | Absolute | to LR toCTR

Branch unconditionally | — — bir betr — — birl betrl
Branch if condition true | bt bta btir btctr bti btia btirl btetrl
Branch if condition bf bfa | bfir bfctr bfl bfla bfirl bfctrl
false
Decrement CTR, bdnz bdnza bdnzir | — bdnzl bdnzla bdnzirl | —
branch if CTR non-zero
Decrement CTR, bdnzt bdnzta bdnztir | — bdnztl bdnztla | bdnztirl | —
branch if CTR non-zero
AND condition true
Decrement CTR, bdnzf bdnzfa bdnzfir | — bdnzfl bdnzfla | bdnzfirl | —

branch if CTR non-zero
AND condition false

Decrement CTR, bdz bdza bdzir — bdzl bdzla bdzirl —
branch if CTR zero

Decrement CTR, bdzt bdzta bdztir | — bdztl bdztla bdztirl —_
branch if CTR zero
AND condition true

Decrement CTR, bdzf bdzfa bdzfir | — bdzfl bdzfla bdzfirl —
branch if CTR zero
AND condition false

The simplified mnemonics shown in Table F-4 that test a condition require a corresponding
CR bit as the first operand of the instruction. The symbols defined in Section F.1,
“Symbols,” can be used in the operand in place of a numeric value.

The simplified mnemonics found in Table F-4 are used in the following examples:

1. Decrement CTR and branch if it is still nonzero (closure of a loop controlled by a

count loaded into CTR).
bdnz target (equivalentto  be 16,0,target)
2. Same as (1) but branch only if CTR is non-zero and condition in CRO is “equal.”
bdnzt eq,target (equivalentto  bc 8,2,target)
3. Same as (2), but “equal” condition is in CRS.
bdnzt 4 * cr5 + eq,target (equivalentto  bc 8,22,target)
4. Branch if bit 27 of CR is false.
bf 27 target (equivalentto  bc 4,27, target)
5. Same as (4), but set the link register. This is a form of conditional call.
bfl 27 target (equivalentto  bcl 4,27 target)
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Table F-5 provides the simplified mnemonics for the be and bea instructions without link
register updating, and the syntax associated with these instructions. Note that the default

condition register specified by the simplified mnemonics in the table is CRO.

Table F-5. Simplified Branch Mnemonics for bc and bca Instructions without Link

Register Update
LR Update Not Enabled
Branch Semantics be Simplified bea Simplified
Relative Mnemonic Absolute Mnemonic

Branch unconditionally —_ —_ — —
Branch if condition true be 12,0,target | bt O target bea 12,0,target | bta 0,target
Branch if condition false be 4,0,target bf 0,target bca 4,0,target | bfa O target
Decrement CTR, branch if CTR nonzero | bc16,0,target | bdnz target bca 16,0,target | bdnza target
Decrement CTR, branch if CTR nonzero | bc 8,0,target bdnzt 0,target bca 8,0,target | bdnzta 0,target
AND condition true
Decrement CTR, branch if CTR nonzero | be 0,0,target | bdnzf 0,target bca 0,0,target | bdnzfa 0,target
AND condition false
Decrement CTR, branch if CTR zero bc18,0,target | bdz target bca 18,0,target | bdza target
Decrement CTR, branch if CTR zero bc10,0,target | bdzt 0,target bca 10,0,target | bdzta 0,target
AND condition true
Decrement CTR, branch if CTR zero be 2,0,target | bdzf 0,target bca 2,0,target | bdzfa 0,target
AND condition false
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Table F-6 provides the simplified mnemonics for the belr and beelr instructions without
link register updating, and the syntax associated with these instructions. Note that the
default condition register specified by the simplified mnemonics in the table is CRO.

Table F-6. Simplified Branch Mnemonics for beir and beclr Instructions without

Link Register Update
LR Update Not Enabled
Branch Semantics belr Simplified bectr to GTR Simplified
toLR Mnemonic Mnemonic
Branch unconditionally belr 20,0 bir bectr 20,0 betr
Branch if condition true belr 12,0 btir0 beetr 12,0 btctr 0
Branch if condition false belr 4,0 bfir 0 becetr 4,0 bfctr 0
Decrement CTR, branch if CTR belr 16,0 bdnzir - —_
nonzero
Decrement CTR, branch if CTR belr 10,0 bdztir 0 —_ —_
nonzero AND condition true
Decrement CTR, branch if CTR bcelr 0,0 bdnzfir 0 —_ —
nonzero AND condition false
Decrement CTR, branch if CTR belr 18,0 bdzir —_ —_
zero
Decrement CTR, branch if CTR belr 10,0 bdztir 0 — _
zero AND condition true
Decrement CTR, branch if CTR beetr 0,0 bdzfir 0 —_ —
zero AND condition false
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Table F-7 provides the simplified mnemonics for the bel and bela instructions with link
register updating, and the syntax associated with these instructions. Note that the default

condition register specified by the simplified mnemonics in the table is CRO.

Table F-7. Simplified Branch Mnemonics for bcl and bcla Instructions with Link

Register Update
LR Update Enabled
Branch Semantics .
. Simplified Simplified

bcl Relative Mnemonic bcla Absolute Mnemonic
Branch unconditionally —_ - —_ —
Branch if condition true bell 2,0,target btl 0,target bela 12,0,target btla 0,target
Branch if condition false bel 4,0,target bfi 0,target bcla 4,0,target bfla 0,target
Decrement CTR, branchif CTR | bel 16,0,target bdnazl target bcla 16,0,target bdnzla target
nonzero
Decrement CTR, branch if CTR | bel 8,0,target bdnztl O,target | bcla 8,0,target bdnztla 0,target
nonzero AND condition true '
Decrement CTR, branchif CTR | bel 0,0,target bdnzfl O,target | bcla 0,0,target bdnzfia 0,target
nonzero AND condition false
Decrement CTR, branch if CTR | bel 18,0,target bdzl target bela 18,0,target bdzla target
zero
Decrement CTR, branchif CTR | bel 10,0,target bdzti 0,target bela 10,0,target bdztia 0,target
zero AND condition true
Decrement CTR, branchif CTR | bcl 2,0,target bdzfl 0,target bela 2,0,target bdzfla 0,target
zero AND condition false
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Table F-8 provides the simplified mnemonics for the belrl and becetrl instructions with link
register updating, and the syntax associated with these instructions. Note that the default
condition register specified by the simplified mnemonics in the table is CRO.

Table F-8. Simplified Branch Mnemonics for beirl and becetrl Instructions with Link

Register Update
LR Update Enabled
Branch Semantics belrl Simplified bectrl Simplified
toLR Mnemonic to CTR Mnemonic
Branch unconditionally belrl 20,0 birl beetrl 20,0 betrl
Branch if condition true belri12,0 btirl 0 becetrl 12,0 btetrl 0
Branch if condition false belrl 4,0 bfirl 0 becetrl 4,0 bfctrl 0
Decrement CTR, branch if CTR belrl 16,0 bdnazirl — —
nonzero
Decrement CTR, branch if CTR belrl 8,0 bdnztirl 0 — —
nonzero AND condition true
Decrement CTR, branch if CTR belrl 0,0 bdnzfirl 0 — —
nonzero AND condition false
Decrement CTR, branch if CTR zero | belrl 18,0 bdzirl —_ —
Decrement CTR, branch if CTR zero | bdztirl 0 bdztirl 0 — —
AND condition true
Decrement CTR, branch if CTR zero | bclrl 4,0 bfirl 0 — —
AND condition false
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F.5.3 Branch Mnemonics Incorporating Conditions

The mnemonics defined in Table F-4 are variations of the branch if condition true and
branch if condition false BO encodings, with the most useful values of BI represented in
the mnemonic rather than specified as a numeric operand.

A standard set of codes (shown in Table F-9) has been adopted for the most common
combinations of branch conditions.

Table F-9. Standard Coding for Branch Conditions

Code Description
It Less than
le Less than or equal
eq Equal
ge Greater than or equal
gt Greater than
nl Not less than
ne Not equal
ng Not greater than
so Summary overflow
ns Not summary overflow
un Unordered (after floating-point comparison)
nu Not unordered (after floating-point comparison)
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Table F-10 shows the simplified branch mnemonics incorporating conditions.

Table F-10. Simplified Branch Mnemonics with Comparison Conditions

LR Update Not Enabled LR Update Enabled
Branch Semantics be bca belr | bectr | bl bela beid | beetrt
Relative | Absolute | toLR | to CTR | Relative | Absolute toLR to CTR

Branch if less than bit bita bitir bitctr bitl bitla bitirl bitctrl
Branch if less than or ble blea bleir blectr blel blela blelri blectrl
equal
Branch if equal beq beqa beqir beqctr | beql beqla beqirl beqctrl
Branch if greater than bge bgea bgelr bgectr | bgel bgela bgeirl bgectrl
or equal
Branch if greater than bgt bgta bgtir bgtctr | bgtl bgtla bgtirl bgtctrl
Branch if not less than | bnl bnla bnlir bnictr | bnll bnlla bnlirl bnlctrl
Branch if not equal bne bnea bnelr bnectr | bnel bnela bnelrl bnectrl

Branch if not greater bng bnga bngir bngctr | bngl bngla bngirl bngetrl
than

Branch if summary bso bsoa bsolr bsoctr | bsol bsola bsolri bsoctri
overflow
Branch if not summary | bns bnsa bnsir bnsctr | bnsl bnsla bnsirl bnsctrl
overflow
Branch if unordered bun buna bunir bunctr | bunl bunla bunirl bunctrl
Branch if not unordered | bnu bnua bnulr bnuctr | bnul bnula bnuirl bnuctrl

Instructions using the mnemonics in Table F-10 specify the condition register field in an
optional first operand. If the CR field being tested is CRO, this operand need not be
specified. One of the CR field symbols defined in Section F.1, “Symbols,” can be used for
this operand.

The simplified mnemonics found in Table F-10 are used in the following examples:
1. Branch if CRO reflects condition “not equal.”

bne target (equivalentto  bc 4,2 target)
2. Same as (1) but condition is in CR3.
bne cr3,target (equivalentto  bc 4,14 target)

3. Branch to an absolute target if CR4 specifies “greater than,” setting the link register.
This is a form of conditional “call.”

bgtla crd,target (equivalentto  bela 12,17, target)
4. Same as (3), but target address is in the CTR.
bgtctrl cr4 (equivalent to  bectrl 12,17)
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Table F-11 shows the simplified branch mnemonics for the be and bea instructions without
link register updating, and the syntax associated with these instructions. Note that the
default condition register specified by the simplified mnemonics in the table is CRO.

Table F-11. Simplified Branch Mnemonics for bc and bca Instructions without
Comparison Conditions and Link Register Updating

LR Update Not Enabled
ranch Semantlcs bec Relative 3:1";?:2:1 bca Absolute Si:;ﬂig:;

Branch if less than be 12,0,target bit target bca 12,0,target bita target

Branch if less than or equal bec 4,1,target ble target bca 4,1,target blea target

Branch if equal be 12,2 target beq target bca 12,2,target beqa target
Branch if greater than or equal be 4,0.target bge target bca 4,0,target bgea target
Branch if greater than be 12,1,target bgt target bca 12,1,target bgta target
Branch if not less than bc 4,0,target bnl target bca 4,0,target bnla target

Branch if not equal be 4,2 target bne target bca 4,2,target bnea target
Branch if not greater than be 4,1 target bng target bca 4,1,target bnga target
Branch if summary overflow bc 12,3,target bso target bca 12,3,target bsoa target
Branch if not summary overflow | bc 4,3 target bns target bca 4,3,target bnsa target
Branch if unordered be 12,3,target bun target bca 12,3,target buna target
Branch if not unordered be 4,3 target bnu target bca 4,3,target bnua target
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Table F-12 shows the simplified branch mnemonics for the belr and beetr instructions
without link register updating, and the syntax associated with these instructions. Note that
the default condition register specified by the simplified mnemonics in the table is CRO.

Table F-12. Simplified Branch Mnemonics for belr and becetr Instructions without

Comparison Conditions and Link Register Updating

LR Update Not Enabled
prench Semantics belr to LR Simplfied bectr to CTR Simplified

Branch if less than belr 12,0 bitir beetr 12,0 bitctr

Branch if less than or equal belr 4,1 blelr becetr 4,1 blectr

Branch if equal belr 12,2 beqir beetr 12,2 beqctr
Branch if greater than or equal belir 4,0 bgelr becetr 4,0 bgectr
Branch if greater than belr 12,1 bgtir beetr 12,1 bgtetr
Branch if not less than belr 4,0 bnlir beetr 4,0 bnlctr

Branch if not equal belr 4,2 bneir beetr 4,2 bnectr
Branch if not greater than beir 4,1 bngir becetr 4,1 bngctr
Branch if summary overflow beir 12,3 bsolr becetr 12,3 bsoctr
Branch if not summary overflow bclr 4,3 bnsir becetr 4,3 bnsctr
Branch if unordered beir 12,3 bunir beetr 12,3 bunctr
Branch if not unordered beir 4,3 bnulr beetr 4,3 bnuctr

Appendix F. Simplified Mnemonics F-15




Table F-13 shows the simplified branch mnemonics for the bel and bcla instructions with
link register updating, and the syntax associated with these instructions. Note that the
default condition register specified by the simplified mnemonics in the table is CRO.

Table F-13. Simplified Branch Mnemonics for bcl and bcla Instructions with

Comparison Conditions and Link Register Update

LR Update Enabled
Brench Semantics bel Relative Smplied bela Absolute Simplfied

Branch if less than bel 12,0,target bitl target bcla 12,0,target bitla target
Branch if less than or equal bcl 4,1 target blel target bcla 4,1,target blela target
Branch if equal begl target beql target bcla 12,2target begqla target
Branch if greater than or equal | bel 4,0,target bgel target bela 4,0,target bgela target
Branch if greater than bel 12,1,target bgtl target . bela 12,1 target bgtla target
Branch if not less than bel 4,0,target bnil target bcla 4,0,target bnlla target
Branch if not equal bel 4,2 target bnel target bcla 4,2,target bnela target
Branch if not greater than bel 4,1 target bngl target bcla 4,1,target | bngla target
Branch if summary overflow bel 12,3,target bsol target bcla 12,3 target bsola target
Branch if not summary bel 4,3,target bnsl target bcla 4,3,target bnsla target
overflow

_Branch if unordered bel 12,3 target bunl target bela 12,3 target bunla target
Branch if not unordered bel 4,3 target bnul target bcla 4,3 target bnula target
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Table F-14 shows the simplified branch mnemonics for the belrl and beetl instructions with
link register updating, and the syntax associated with these instructions. Note that the
default condition register specified by the simplified mnemonics in the table is CRO.

Table F-14. Simplified Branch Mnemonics for belrl and bectl Instructions with
Comparison Conditions and Link Register Update

LR Update Enabled
Branch Semantics belrl to LR oimplified beetrl to CTR oimpified
Branch if less than belrl 12,0 bitirl 0 beetrl 12,0 bitctrl 0
Branch if less than or equal belrl 4,1 bleirl 0 becetrl 4,1 blectrl 0
Branch if equal belrl 12,2 beqirl 0 beetrl 12,2 » beqctrl 0
Branch if greater than or equal belrl 4,0 bgeirl 0 beetrl 4,0 bgectrl 0
Branch if greater than belrl 12,1 bgtirl 0 beetrl 12,1 bgtctrl 0
.Branch if not less than belrl 4,0 bnlirl 0 beetrl 4,0 bnlctrl 0
Branch if not equal bcelrl 4,2 bnelrl 0 beetrl 4,2 bnectrl 0
Branch if not greater than belrl 4,1 bngirl 0 bectrl 4,1 bngctrl 0
Branch if summary overflow belrl 12,3 bsolrl 0 beetrl 12,3 bsoctri 0
Branch if not summary overflow | bcirl 4,3 bnsirl 0 becetrl 4,3 bnsctrl 0
Branch if unordered belrl 12,3 bunirl 0 becetrl 12,3 bunctrl 0
Branch if not unordered beirl 4,3 bnuirl 0 beetrl 4,3 bnuctrl 0

F.5.4 Branch Prediction

In branch conditional instructions that are not always taken, the low-order bit (y bit) of the
BO field provides a hint about whether the branch is likely to be taken. See Section 4.2.4.2,
“Conditional Branch Control,” for more information on the y bit.

Assemblers should clear this bit unless otherwise directed. This default action indicates the
following:

* A branch conditional with a negative displacement field is predicted to be taken.

¢ A branch conditional with a non-negative displacement field is predicted not to be
taken (fall through).

e Abranch conditional to an address in the LR or CTR is predicted niot to be taken (fall
through).
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If the likely outcome (branch or fall through) of a given branch conditional instruction is
known, a suffix can be added to the mnemonic that tells the assembler how to set the y bit.
That is, ‘+’ indicates that the branch is to be taken and ‘-’ indicates that the branch is not
to be taken. Such a suffix can be added to any branch conditional mnemonic, either basic
or simplified.

For relative and absolute branches (bc[l][a]), the setting of the y bit depends on whether the
displacement field is negative or non-negative. For negative displacement fields, coding the
suffix ‘+’ causes the bit to be cleared, and coding the suffix ‘—” causes the bit to be set. For
non-negative displacement fields, coding the suffix ‘+’ causes the bit to be set, and coding
the suffix ‘~’ causes the bit to be cleared.

For branches to an address in the LR or CTR (bcclr[l] or beetr[l]), coding the suffix ‘+’
causes the y bit to be set, and coding the suffix ‘—’ causes the bit to be cleared.

Examples of branch prediction follow:

1. Branch if CRO reflects condition “less than,” specifying that the branch should be
predicted to be taken.
blt+ target

2. Same as (1), but target address is in the LR and the branch should be predicted not
to be taken.
bltlr—

F.6 Simplified Mnemonics for Condition Register
Logical Instructions

The condition register logical instructions, shown in Table F-15, can be used to set, clear,
copy, or invert a given condition register bit. Simplified mnemonics are provided that allow

these operations to be coded easily. Note that the symbols defined in Section F.1,
“Symbols,” can be used to identify the condition register bit.

Table F-15. Condition Register Logical Mnemonics

Operation Simplified Mnemonic Equivalent to
Condition register set crset bx creqv bx,bx,bx
Condition register clear crcir bx crxor bx,bx,bx
Condition register move crmove bx,by cror bx,by,by
Condition register not crnot bx,by crnor bx,by,by
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Examples using the condition register logical mnemonics follow:

1.

F.7

Set CR bit 25.

crset 25 (equivalentto  creqv 25,25,25)
Clear the SO bit of CRO.

crclr so (equivalentto  crxor 3,3,3)
Same as (2), but SO bit to be cleared is in CR3.

crclr 4 * cr3 + so (equivalentto  crxor 15,15,15)
Invert the EQ bit.

crnot eq,eq (equivalentto  crnor 2,2,2)

Same as (4), but EQ bit to be inverted is in CR4, and the result is to be placed into
the EQ bit of CRS.
crnot 4 * crS + eq, 4 * crd + eq (equivalentto  crnor 22,18,18)

Simplified Mnemonics for Trap Instructions

A standard set of codes, shown in Table F-16, has been adopted for the most common
combinations of trap conditions.

Table F-16. Standard Codes for Trap Instructions

Code Description TO Encoding < > = <U >U
It Less than 16 1 0 0 0 0
le Less than or equal 20 1 0 1 0 0
eq Equal 4 0 0 1 0 0
ge Greater than or equal 12 0 1 1 0 0
gt Greater than 8 0 1 0 0 0
nl Not less than 12 0 1 1 0 0
ne Not equal 24 1 1 0 0 0
ng Not greater than 20 1 0 1 0 0
it Logically less than 2 0 0 0 1 0
lle Logically less than or equal 6 0 0 1 1 0
Ige Logically greater than or equal 5 0 0 1 0 1
Igt Logically greater than 1 0 0 0 0 1
Inl Logically not less than 5 0 0 1 0 1
Ing Logically not greater than 6 0 0 1 1 0
— Unconditional 31 1 1 1 1 1

Note: The symbol “<U” indicates an unsigned less th

n evalyation will be performed. The symbol “>U” indi-
cate$ an unsigned greater than evaluation wil?be pe#ormed. P 4 z
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The mnemonics defined in Table F-18 are variations of trap instructions, with the most
useful values of TO represented in the mnemonic rather than specified as a numeric
operand.

Table F-18. Trap Mnemonics

32-Bit Comparison
Trap Semantics
twi Immediate tw Register

Trap unconditionally —_— trap
Trap if less than twiti twit
Trap if less than or equal twlei twle
Trap if equal tweqi tweq
Trap if greater than or equal twgel twge
Trap if greater than twgti twot
Trap if not less than twnli twnl
Trap if not equal twnei twne
Trap if not greater than twngi twng
Trap if logically less than twilti twiit
Trap if logically less than or equal twllei twile
Trap if logically greater than or equal | twigei twige
Trap if logically greater than twigti twigt
Trap if logically not less than twinli twinl
Trap if logically not greater than twingi twing
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Examples of the uses of trap mnemonics, shown in , Table F-18follow:

1. Trap if register rA is not zero.

twnei rA,0 (equivalentto  twi 24,rA,0)
2. Trap if register rA is not equal to rB.

twne rA, rB (equivalentto  tw 24,rA,rB)
3. Trap if rA is logically greater than Ox7FF.

twlgti rA, Ox7FF (equivalentto  twi 1,rA, Ox7FF)
4. Trap unconditionally.

trap (equivalent to tw 31,0,0)

Trap instructions evaluate a trap condition as follows:

» The contents of register rA are compared with either the sign-extended SIMM field
or the contents of register rB, depending on the trap instruction.

The comparison results in five conditions which are ANDed with operand TO. If the result
is not 0, the trap exception handler is invoked. (Note that exceptions are referred to as
interrupts in the architecture specification.) See Table F-19 for these conditions.

Table F-19. TO Operand Bit Encoding

TO Bit ANDed with Condition
0 Less than, using signed comparison
1 Greater than, using signed comparison
2 Equal
3 Less than, using unsigned comparison
4 Greater than, using unsigned comparison

F.8 Simplified Mnemonics for Special-Purpose
Registers

The mtspr and mfspr instructions specify a special-purpose register (SPR) as a numeric
operand. Simplified mnemonics are provided that represent the SPR in the mnemonic rather
than requiring it to be coded as a numeric operand. Table F-20 provides a list of the
simplified mnemonics that should be provided by assemblers for SPR operations.
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Table F-20. Simplified Mnemonics for SPRs

Move to SPR Move from SPR
Special-Purpose Reglster ;mﬂgﬁz Equivalent to nsllln':?r:gﬁ: Equivalent to
XER mtxer rS mtspr 1,rS mfxer rD mfspr rD,1
Link register mtir rS mtspr 8,rS mfir rD mfspr rD,8
Count register mtctr rS mtspr 9,rS mfctr rD mfspr rD,9
DSISR mtdsisr rS mtspr 18,rS mfdsisr rD mfspr rD,18
Data address register mtdar rS mtspr 19,rS mfdar rD mispr rD,19
Decrementer mtdec rS mtspr 22,rS mfdec rD mfspr rD,22
SDR1 mtsdr1 rS mtspr 25,rS mfsdri rD mfspr rD,25
Save and restore register 0 | mtsrr0 rS mtspr 26,rS mfsrr0 rD mfspr rD,26
Save and restore register 1 | mtsrri rS mtspr 27,rS mfsrri rD mfspr rD,27
SPRGO0-SPRG3 mtspr n, rS mtspr 272 + n,rS mfsprg rD, n mfspr rD,272 + n
Address space register mtasr rS mtspr 280,rS mfasr rD mfspr rD,280
External access register mtear rS mtspr 282,rS mfear rD mfspr rD,282
Time base lower mttbl rS mtspr 284,rS mftb rD mfitb rD,268
Time base upper mttbu rS mtspr 285,rS mftbu rD mftb rD,269
Processor version register — — mfpvr rD mfspr rD,287
IBAT register, upper mtibatu n, rS | mtspr 528 + (2 * n),rS | mfibaturD, n | mfsprrD,528 + (2 * n)
IBAT register, lower mtibatl n, rS mtspr 529 + (2 * n),rS | mfibatl rD, n mfspr rD,529 + (2* n)
DBAT register, upper mtdbatu n, rS | mtspr 536 + (2 *n),rS | mfdbatu rD, n | mfspr rD,536 + (2 *n)
DBAT register, lower mtdbatl n, rS | mtspr 537 + (2* n),rS | mfdbatli rD, n | mfsprrD,537 + (2* n)

Following are examples using the SPR simplified mnemonics found in Table F-20:
1. Copy the contents of rS to the XER.

mtxer rS (equivalentto  mtspr 1,rS)
2. - Copy the contents of the LR to rS.

mfir rS (equivalentto  mfspr rS,8)
3. Copy the contents of rS to the CTR.

mtctr rS (equivalentto  mtspr 9,rS)
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F.9 Recommended Simplified Mnemonics

This section describes some of the most commonly-used operations (such as no-op, load
immediate, load address, move register, and complement register).

F.9.1 No-Op (nop)

Many PowerPC instructions can be coded in a way tha}, effectively, no operation is
performed. An additional mnemonic is provided for the preferred form of no-op. If an
implementation performs any type of run-time optimization related to no-ops, the preferred
form is the no-op that triggers the following:

nop (equivalentto  ori 0,0,0)

F.9.2 Load Immediate (li)

The addi and addis instructions can be used to load an immediate value into a register.
Additional mnemonics are provided to convey the idea that no addition is being performed
but that data is being moved from the immediate operand of the instruction to a register.

1. Load a 16-bit signed immediate value into rD.

li rD,value (equivalentto  addi rD,0,value)
2. Load a 16-bit signed immediate value, shifted left by 16 bits, into rD.
lis rD,value (equivalentto  addis rD,0,value)

F.9.3 Load Address (la)

This mnemonic permits computing the value of a base-displacement operand, using the
addi instruction which normally requires a separate register and immediate operands.

larD,d(rA) (equivalentto  addi rD,rA,d)

The la mnemonic is useful for obtaining the address of a variable specified by name,
allowing the assembler to supply the base register number and compute the displacement.
If the variable v is located at offset dv bytes from the address in register rv, and the
assembler has been told to use register rv as a base for references to the data structure
containing V, the following line causes the address of vto be loaded into register rD:

larD,v (equivalentto  addi rD,rv,dv

F.9.4 Move Register (mr)

Several PowerPC instructions can be coded to copy the contents of one register to another.
A simplified mnemonic is provided that signifies that no computation is being performed,
but merely that data is being moved from one register to another.

The following instruction copies the contents of rS into rA. This mnemonic can be coded
with a dot (.) suffix to cause the Rc bit to be set in the underlying instruction.

mr rA,rS (equivalentto  or rA,rS,rS)
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F.9.5 Complement Register (not)

Several PowerPC instructions can be coded in a way that they complement the contents of
one register and place the result into another register. A simplified mnemonic is provided
that allows this operation to be coded easily.

The following instruction complements the contents of rS and places the result into rA.
This mnemonic can be coded with a dot (.) suffix to cause the Rc bit to be set in the
underlying instruction.

not rA,rS (equivalentto  nor rA,rS,rS)

F.9.6 Move to Condition Register (mtcr)

This mnemonic permits copying the contents of a GPR to the condition register, using the
same syntax as the mfer instruction.

mtcr rS (equivalentto  mterf OxFErS)
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Glossary of Terms and Abbreviations

The glossary contains an alphabetical list of terms, phrases, and abbreviations used in this
book. Some of the terms and definitions included in the glossary are reprinted from /EEE
Std. 754-1985, IEEE Standard for Binary Floating-Point Arithmetic, copyright ©1985 by
the Institute of Electrical and Electronics Engineers, Inc. with the permission of the IEEE.

Note that some terms are defined in the context of how they are used in this book.

A Architecture. A detailed specification of requirements for a processor or
computer system. It does not specify details of how the processor or
computer system must be implemented; instead it provides a
template for a family of compatible implementations.

Asynchronous exception. Exceptions that are caused by events external to
the processor’s execution. In this document, the term ‘asynchronous
exception’ is used interchangeably with the word interrupt.

Atomic access. A bus access that attempts to be part of a read-write operation
to the same address uninterrupted by any other access to that address
(the term refers to the fact that the transactions are indivisible). The
PowerPC architecture implements atomic accesses through the
Iwarx/stwcx. instruction pair.

B BAT (block address translation) mechanism. A software-controlled array
that stores the available block address translations on-chip.

Biased exponent. An exponent whose range of values is shifted by a constant
(bias). Typically a bias is provided to allow a range of positive values
to express a range that includes both positive and negative values.

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

Block. An area of memory that ranges from 128 Kbyte to 256 Mbyte, whose
size, translation, and protection attributes are controlled by the BAT
mechanism.
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Boundedly undefined. A characteristic of results of certain operations that
are not rigidly prescribed by the PowerPC architecture. Boundedly-
undefined results for a given operation may vary among
implementations, and between execution attempts in the same
implementation.

Although the architecture does not prescribe the exact behavior for
when results are allowed to be boundedly undefined, the results of
executing instructions in contexts where results are allowed to be
boundedly undefined are constrained to ones that could have been
achieved by executing an arbitrary sequence of defined instructions,
in valid form, starting in the state the machine was in before
attempting to execute the given instruction.

Cache. High-speed memory component containing recently-accessed data
and/or instructions (subset of main memory).

Cache block. A small region of contiguous memory that is copied from
memory into a cache. The size of a cache block may vary among
processors; the maximum block size is one page. In PowerPC
processors, cache coherency is maintained on a cache-block basis.
Note that the term ‘cache block’ is often used interchangeably with
‘cache line’.

Cache coherency. An attribute wherein an accurate and common view of
memory is provided to all devices that share the same memory
system. Caches are coherent if a processor performing a read from
its cache is supplied with data corresponding to the most recent value
written to memory or to another processor’s cache.

Cache flush. An operation that removes from a cache any data from a
specified address range. This operation ensures that any modified
data within the specified address range is written back to main
memory. This operation is generated typically by a Data Cache
Block Flush (dcbf) instruction.

Caching-inhibited. A memory update policy in which the cache is bypassed
and the load or store is performed to or from main memory.

Cast-outs. Cache blocks that must be written to memory when a cache miss
causes a cache block to be replaced.

Changed bit. One of two page history bits found in each page table entry
(PTE). The processor sets the changed bit if any store is performed
into the page. See also Page access history bits and Referenced bit.
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Clear. To cause a bit or bit field to register a value of zero. See also Set.

Context synchronization. An operation that ensures that all instructions in
execution complete past the point where they can produce an
exception, that all instructions in execution complete in the context
in which they began execution, and that all subsequent instructions
are fetched and executed in the new context. Context synchronization
may result from executing specific instructions (such as isync or rfi)
or when certain events occur (such as an exception).

Copy-back. An operation in which modified data in a cache block is copied
back to memory.

D Denormalized number. A nonzero floating-point number whose exponent
has a reserved value, usually the format's minimum, and whose
explicit or implicit leading significand bit is zero.

Direct-mapped cache. A cache in which each main memory address can
appear in only one location within the cache, operates more quickly
when the memory request is a cache hit.

Direct-store. Interface available on PowerPC processors only to support
direct-store devices from the POWER architecture. When the T bit
of a segment descriptor is set, the descriptor defines the region of
memory that is to be used as a direct-store segment. Note that this
facility is being phased out of the architecture and will not likely be
supported in future devices. Therefore, software should not depend
on it and new software should not use it.

E Effective address (EA). The 32- or 64-bit address specified for a load, store,
or an instruction fetch. This address is then submitted to the MMU
for translation to either a physical memory address or an I/O address.

Exception. A condition encountered by the processor that requires special,
supervisor-level processing.

Exception handler. A software routine that executes when an exception is
taken. Normally, the exception handler corrects the condition that
caused the exception, or performs some other meaningful task (that
may include aborting the program that caused the exception). The
address for each exception handler is identified by an exception
vector offset defined by the architecture and a prefix selected via the
MSR.
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Extended opcode. A secondary opcode field generally located in instruction
bits 21-30, that further defines the instruction type. All PowerPC
instructions are one word in length. The most significant 6 bits of the
instruction are the primary opcode, identifying the type of
instruction. See also Primary opcode.

Execution synchronization. A mechanism by which all instructions in
execution are architecturally complete before beginning execution
(appearing to begin execution) of the next instruction. Similar to
context synchronization but doesn't force the contents of the
instruction buffers to be deleted and refetched.

Exponent. In the binary representation of a floating-point number, the
exponent is the component that normally signifies the integer power
to which the value two is raised in determining the value of the
represented number. See also Biased exponent.

Fetch. Retrieving instructions from either the cache or main memory and
placing them into the instruction queue.

Floating-point register (FPR). Any of the 32 registers in the floating-point
register file. These registers provide the source operands and
destination results for floating-point instructions. Load instructions
move data from memory to FPRs and store instructions move data
from FPRs to memory. The FPRs are 64 bits wide and store floating-
point values in double-precision format.

Fraction. In the binary representation of a floating-point number, the field of
the significand that lies to the right of its implied binary point.

Fully-associative. Addressing scheme where every cache location (every
byte) can have any possible address.

General-purpose register (GPR). Any of the 32 registers in the general-
purpose register file. These registers provide the source operands and
destination results for all integer data manipulation instructions.
Integer load instructions move data from memory to GPRs and store
instructions move data from GPRs to memory.

Guarded. The guarded attribute pertains to out-of-order execution. When a
page is designated as guarded, instructions and data cannot be
accessed out-of-order.
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Harvard architecture. An architectural model featuring separate caches for
instruction and data.

Hashing. An algorithm used in the page table search process.

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

Illegal instructions. A class of instructions that are not implemented for a
particular PowerPC processor. These include instructions not defined
by the PowerPC architecture. In addition, for 32-bit
implementations, instructions that are defined only for 64-bit
implementations are considered to be illegal instructions. For 64-bit
implementations instructions that are defined only for 32-bit
implementations are considered to be illegal instructions.

Implementation. A particular processor that conforms to the PowerPC
architecture, but may differ from other architecture-compliant
implementations for example in design, feature set, and
implementation of optional features. The PowerPC architecture has
many different implementations.

Implementation-dependent. An aspect of a feature in a processor’s design
that is defined by a processor’s design specifications rather than by
the PowerPC architecture.

Implementation-specific. An aspect of a feature in a processor’s design that
is not required by the PowerPC architecture, but for which the
PowerPC architecture may provide concessions to ensure that
processors that implement the feature do so consistently.

Imprecise exception. A type of synchronous exception that is allowed not to
adhere to the precise exception model (see Precise exception). The
PowerPC architecture allows only floating-point exceptions to be
handled imprecisely.

Inexact. Loss of accuracy in an arithmetic operation when the rounded result
differs from the infinitely precise value with unbounded range.

In-order. An aspect of an operation that adheres to a sequential model. An
operation is said to be performed in-order if, at the time that it is
performed, it is known to be required by the sequential execution
model. See Out-of-order.

Glossary of Terms and Abbreviations Glossary-5

GLO



GLO

Instruction latency. The total number of clock cycles necessary to execute
an instruction and make ready the results of that instruction.

Instruction parallelism. A feature of PowerPC processors that allows
instructions to be processed in parallel.

Interrupt. An asynchronous exception. On PowerPC processors, interrupts
are a special case of exceptions. See also asynchronous exception.

Invalid state. State of a cache entry that does not currently contain a valid
copy of a cache block from memory.

Key bits. A set of key bits referred to as Ks and Kp in each segment register
and each BAT register. The key bits determine whether supervisor or
user programs can access a page within that segment or block.

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

L2 cache. See Secondary cache.

Least-significant bit (Isb). The bit of least value in an address, register, data
element, or instruction encoding.

Least-significant byte (LSB). The byte of least value in an address, register,
data element, or instruction encoding.

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

MESI (modified/exclusive/shared/invalid). Cache coherency protocol used
to manage caches on different devices that share a memory system.
Note that the PowerPC architecture does not specify the
implementation of a MESI protocol to ensure cache coherency.

Memory access ordering. The specific order in which the processor
performs load and store memory accesses and the order in which
those accesses complete.

Memory-mapped accesses. Accesses whose addresses use the page or block
address translation mechanisms provided by the MMU and that
occur externally with the bus protocol defined for memory.
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Memory coherency. An aspect of caching in which it is ensured that an
accurate view of memory is provided to all devices that share system
memory.

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

Memory management unit (MMU). The functional unit that is capable of
translating an effective (logical) address to a physical address,
providing protection mechanisms, and defining caching methods.

Microarchitecture. The hardware details of a microprocessor’s design. Such
details are not defined by the PowerPC architecture.

Mnemonic. The abbreviated name of an instruction used for coding.

Modified state. When a cache block is in the modified state, it has been

modified by the processor since it was copied from memory. See
MESIL

Munging. A modification performed on an effective address that allows it to
appear to the processor that individual aligned scalars are stored as
little-endian values, when in fact it is stored in big-endian order, but
at different byte addresses within double words. Note that munging
affects only the effective address and not the byte order. Note also
that this term is not used by the PowerPC architecture.

Multiprocessing. The capability of software, especially operating systems,
to support execution on more than one processor at the same time.

Most-significant bit (msb). The highest-order bit in an address, registers,
data element, or instruction encoding.

Most-significant byte (MSB). The highest-order byte in an address,
registers, data element, or instruction encoding.

N NaN. An abbreviation for ‘Not a Number’; a symbolic entity encoded in
floating-point format. There are two types of NaNs—signaling NaNs
(SNaNs) and quiet NaNs (QNaNs).

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

Normalization. A process by which a floating-point value is manipulated GLO
such that it can be represented in the format for the appropriate
precision (single- or double-precision). For a floating-point value to
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be representable in the single- or double-precision format, the
leading implied bit must be a 1.

OEA (operating environment architecture). The level of the architecture
that describes PowerPC memory management model, supervisor-
level registers, synchronization requirements, and the exception
model. It also defines the time-base feature from a supervisor-level
perspective. Implementations that conform to the PowerPC OEA
also conform to the PowerPC UISA and VEA.

Optional. A feature, such as an instruction, a register, or an exception, that is
defined by the PowerPC architecture but not required to be
implemented.

Out-of-order. An aspect of an operation that allows it to be performed ahead
of one that may have preceded it in the sequential model, for
example, speculative operations. An operation is said to be
performed out-of-order if, at the time that it is performed, it is not
known to be required by the sequential execution model. See
In-order.

Out-of-order execution. A technique that allows instructions to be issued
and completed in an order that differs from their sequence in the
instruction stream.

Overflow. An error condition that occurs during arithmetic operations when
the result cannot be stored accurately in the destination register(s).
For example, if two 32-bit numbers are multiplied, the result may not
be representable in 32 bits.

Page. A region in memory. The OEA defines a page as a 4-Kbyte area of
memory, aligned on a 4-Kbyte boundary.

Page access history bits. The changed and referenced bits in the PTE keep
track of the access history within the page. The referenced bit is set
by the MMU whenever the page is accessed for a read or write
operation. The changed bit is set when the page is stored into. See
Changed bit and Referenced bit.

Page fault. A page fault is a condition that occurs when the processor
attempts to access a memory location that does not reside within a
page not currently resident in physical memory. On PowerPC
processors, a page fault exception condition occurs when a
matching, valid page table entry (PTE[V] = 1) cannot be located.
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Page table. A table in memory is comprised of page table entries, or PTEs.
It is further organized into eight PTEs per PTEG (page table entry
group). The number of PTEGs in the page table depends on the size
of the page table (as specified in the SDR1 register).

Page table entry (PTE). Data structures containing information used to
translate effective address to physical address on a 4-Kbyte page
basis. A PTE consists of 8 bytes of information in a 32-bit processor
and 16 bytes of information in a 64-bit processor.

Physical memory. The actual memory that can be accessed through the
system’s memory bus.

Pipelining. A technique that breaks operations, such as instruction
processing or bus transactions, into smaller distinct stages or tenures
(respectively) so that a subsequent operation can begin before the
previous one has completed.

Precise exceptions. A category of exception for which the pipeline can be
stopped so instructions that preceded the faulting instruction can
complete, and subsequent instructions can be flushed and
redispatched after exception handling has completed. See Imprecise
exceptions.

Primary opcode, The most-significant 6 bits (bits 0—5) of the instruction
encoding that identifies the type of instruction. See Secondary
opcode.

Protection boundary. A boundary between protectibn domains.

Protection domain. A protection domain is a segment, a virtual page, a BAT
area, or a range of unmapped effective addresses. It is defined only
when the appropriate relocate bit in the MSR (IR or DR) is 1.

Q Quad word. A group of 16 contiguous locations starting at an address
divisible by 16.

Quiet NaN. A type of NaN that can propagate through most arithmetic
operations without signaling exceptions. A quiet NaN is used to
represent the results of certain invalid operations, such as invalid
arithmetic operations on infinities or on NaNs, when invalid. See
Signaling NaN.

GLO
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rA. The rA instruction field is used to specify a GPR to be used as a source
or destination.

rB. The rB instruction field is used to specify a GPR to be used as a source.

rD. The rD instruction field is used to specify a GPR to be used as a
destination.

rS. The rS instruction field is used to specify a GPR to be used as a source.

Real address mode. An MMU mode when no address translation is
performed and the effective address specified is the same as the
physical address. The processor’s MMU is operating in real address
mode if its ability to perform address translation has been disabled
through the MSR registers IR and/or DR bits.

Record bit. Bit 31 (or the Rc bit) in the instruction encoding. When it is set,
updates the condition register (CR) to reflect the result of the
operation.

Referenced bit. One of two page history bits found in each page table entry
(PTE). The processor sets the referenced bit whenever the page is
accessed for a read or write. See also Page access history bits.

Register indirect addressing. A form of addressing that specifies one GPR
that contains the address for the load or store.

Register indirect with immediate index addressing. A form of addressing
that specifies an immediate value to be added to the contents of a
specified GPR to form the target address for the load or store.

Register indirect with index addressing. A form of addressing that specifies
that the contents of two GPRs be added together to yield the target
address for the load or store.

Reservation. The processor establishes a reservation on a cache block. of
memory space when it executes an lwarx instruction to read a
memory semaphore into a GPR.

Reserved field. In a register, a reserved field is one that is not assigned a
function. A reserved field may be a single bit. The handling of
reserved bits is implementation-dependent. Software is permitted to
write any value to such a bit. A subsequent reading of the bit returns
0 if the value last written to the bit was 0 and returns an undefined
value (0 or 1) otherwise.
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RISC (reduced instruction set computing). An architecture characterized
by fixed-length instructions with nonoverlapping functionality and
by a separate set of load and store instructions that perform memory
accesses.

Scalability. The capability of an architecture to generate implementations
specific for a wide range of purposes, and in particular
implementations of significantly greater performance and/or
functionality than at present, while maintaining compatibility with
current implementations.

Secondary cache. A cache memory that is typically larger and has a longer
access time than the primary cache. A secondary cache may be
shared by multiple devices. Also referred to as L2, or level-2, cache.

Segment. A 256-Mbyte area of virtual memory that is the most basic memory
space defined by the PowerPC architecture. Each segment is
configured through a unique segment descriptor.

Segment descriptors. Information used to generate the interim virtual
address. The segment descriptors reside in 16 on-chip segment
registers for 32-bit implementations. For 64-bit implementations, the
segment descriptors reside as segment table entries in a hashed
segment table in memory.

Set (v). To write a nonzero value to a bit or bit field; the opposite of clear. The

term ‘set’ may also be used to generally describe the updating of a
bit or bit field.

Set (n). A subdivision of a cache. Cacheable data can be stored in a given
location in any one of the sets, typically corresponding to its lower-
order address bits. Because several memory locations can map to the
same location, cached data is typically placed in the set whose cache
block corresponding to that address was used least recently. See Set-
associative.

Set-associative. Aspect of cache organization in which the cache space is
divided into sections, called sets. The cache controller associates a
particular main memory address with the contents of a particular set,
or region, within the cache.

Signaling NaN. A type of NaN that generates an invalid operation program GLO
exception when it is specified as arithmetic operands. See Quiet
NaN.
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Significand. The component of a binary floating-point number that consists
of an explicit or implicit leading bit to the left of its implied binary
point and a fraction field to the right.

Simplified mnemonics. Assembler mnemonics that represent a more
complex form of a common operation.

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

Sticky bit. A bit that when sef must be cleared explicitly.

Strong ordering. A memory access model that requires exclusive access to
an address before making an update, to prevent another device from
using stale data.

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

Supervisor mode. The privileged operation state of a processor. In
supervisor mode, software, typically the operating system, can
access all control registers and can access the supervisor memory
space, among other privileged operations.

Synchronization. A process to ensure that operations occur strictly in order.
See Context synchronization and Execution synchronization.

Synchronous exception. An exception that is generated by the execution of
a particular instruction or instruction sequence. There are two types
of synchronous exceptions, precise and imprecise.

System memory. The physical memory available to a processor.

Glossary-12

PowerPC Microprocessor Family: The Programming Environments (32-Bit)



T TLB (translation lookaside buffer) A cache that holds recently-used page
table entries.

Throughput. The measure of the number of instructions that are processed
per clock cycle.

Tiny. A floating-point value that is too small to be represented for a particular
precision format, including denormalized numbers; they do not
include 0.

U UISA (user instruction set architecture). The level of the architecture to
which user-level software should conform. The UISA defines the
base user-level instruction set, user-level registers, data types,
floating-point memory conventions and exception model as seen by
user programs, and the memory and programming models.

Underflow. An error condition that occurs during arithmetic operations when
the result cannot be represented accurately in the destination register.
For example, underflow can happen if two floating-point fractions
are multiplied and the result requires a smaller exponent and/or
mantissa than the single-precision format can provide. In other
words, the result is too small to be represented accurately.

Unified cache. Combined data and instruction cache.

User mode. The unprivileged operating state of a processor used typically by
application software. In user mode, software can only access certain
control registers and can access only user memory space. No
privileged operations can be performed. Also referred to as problem
state.

V VEA (virtual environment architecture). The level of the architecture that
describes the memory model for an environment in which multiple
devices can access memory, defines aspects of the cache model,
defines cache control instructions, and defines the time-base facility
from a user-level perspective. Implementations that conform to the
PowerPC VEA also adhere to the UISA, but may not necessarily
adhere to the OEA.

Virtual address. An intermediate address used in the translation of an
effective address to a physical address.

GLO
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Virtual memory. The address space created using the memory management
facilities of the processor. Program access to virtual memory is
possible only when it coincides with physical memory.

Weak ordering. A memory access model that allows bus operations to be
reordered dynamically, which improves overall performance and in
particular reduces the effect of memory latency on instruction
throughput.

Word. A 32-bit data element.

Write-back. A cache memory update policy in which processor write cycles
are directly written only to the cache. External memory is updated
only indirectly, for example, when a modified cache block is cast out
to make room for newer data.

Write-through. A cache memory update policy in which all processor write
cycles are written to both the cache and memory.

Glossary-14
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Accesses
access order, 5-2
atomic accesses (guaranteed), 5-4
atomic accesses (not guaranteed), 5-4
misaligned accesses, 3-1
Acronyms and abbreviated terms, list, xxxiii
add, 4-11, 8-10
addc, 4-12, 8-11
adde, 4-12, 8-12
addi, 4-11, 8-13, F-23
addic, 4-11, 8-14
addic., 4-11, 8-15
addis, 4-11, 8-16, F-23
addme, 4-12, 8-17
Address calculation
branch instructions, 4-41
load and store instructions, 4-29
Address mapping examples, PTEG, 7-58
Address translation, see Memory management unit
Addressing conventions
alignment, 3-1
byte ordering, 3-2, 3-6
1/0 data transfer, 3-11
instruction memory addressing, 3-10
mapping examples, 3-3
memory operands, 3-2
Addressing modes
branch conditional to absolute, 4-44
branch conditional to count register, 4-46, B-4
branch conditional to link register, 4-45
branch conditional to relative, 4-42
branch relative, 4-42
branch to absolute, 4-43
register indirect
integer, 4-30
with immediate index, floating-point, 4-37
with immediate index, integer, 4-29
with index, floating-point, 4-38
with index, integer, 4-30
addze, 4-13, 8-18
Aligned data transfer, 1-10, 3-1
Aligned scalars, LE mode, 3-6

INDEX

Alignment
AL bit in MSR, POWER, B-2
alignment exception
+ description, 6-27
integer alignment exception, 6-30
interpreting the DSISR settings, 6-31
LE mode alignment exception, 6-30
MMU-related exception, 7-16
overview, 6-4
partially executed instructions, 6-11
register settings, 6-28
alignment for load/store multiple, B-5
rules, 3-1, 3-6
and, 4-16, 8-19
andc, 4-17, 8-20
andi., 4-16, 8-21
andis., 4-16, 8-22
Architecture, xxv
Arithmetic instructions
floating-point, 4-21, A-17
integer, 4-2, 4-11, A-14
Asynchronous exceptions
causes, 6-3
classifications, 6-3
decrementer exception, 6-5, 6-9, 6-35
external interrupt, 6-4, 6-9, 6-27
machine check exception, 6-4, 6-8, 6-22
system reset, 6-4, 6-8, 6-21
types, 6-8
Atomic memory references
atomicity, 5-4
ldarx/stdcx., 4-53, 5-4, E-1
Iwarx/stwcex., 4-53, 5-4, E-1

B
b, 4-49, 8-23
BAT registers, see Block address translation
bc, 4-49, 8-24
bectr, 4-50, 8-26
belr, 4-50, 8-28
Biased exponent format, 3-17
Big-endian mode
blocks, 7-3
byte ordering, 1-9, 3-2
concept, 3-2
mapping, 3-4
memory operand placement, 3-13
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Block address translation C
BAT array ) Cache
access protection summary, 7-29 atomic access, 5-4
address recognition, 7-22 block, definition, 5-1
BAT register implementation, 7-24 cache’ cohexency,maintenance, 5.1
fully-associative BAT arrays, 7-20 cache model, 5-1, 5-5

organization, 7-20 clearing a cache block, 5-9

BAT registers Harvard cache model, 5-5
access translation, 2-29 synchronization, 5-3
BAT area lengths

unified cache, 5-5
Cache block, definition, 5-1
Cache coherency
copy-back operation, 5-14
memory/cache access modes, 5-6
WIMG bits, 5-12, 7-65
write-back mode, 5-14
Cache implementation, 1-13
Cache management instructions
dcbf, 4-61, 5-10, 8-45
dcbi, 4-66, 5-19, 8-47
dcbst, 4-60, 5-9, 8-48
dcbt, 4-59, 5-8, 8-49

general information, 2-24
implementation of BAT array, 7-24
WIMG bits, 2-25, 5-13, 7-26
block address translation flow, 7-11, 7-32
block memory protection, 7-27-7-30, 7-42
block size options, 7-26
definition, 2-24, 7-7
selection of block address translation, 7-7, 7-22
summary, 7-32
BO operand encodings, 2-13, 4-47, B-3
Boundedly undefined, definition, 4-4
Branch instructions

address calculation, 4-41
BO operand encodings, 2-13, 4-47
branch conditional
absolute addressing mode, 4-44
CTR addressing mode, 4-46, B-4
LR addressing mode, 4-45
relative addressing mode, 4-42
branch instructions, 4-49, A-22, F-6
branch, relative addressing mode, 4-42
condition register logical, 4-50, A-23, F-18
conditional branch control, 4-47
description, 4-49, A-22
simplified mnemonics, F-6
system linkage, 4-52, 4-63, A-23
trap, 4-51, A-23

branch instructions

BO operand encodings, B-3

Byte ordering

aligned scalars, LE mode, 3-6
big-endian mode, default, 3-2, 3-2, 3-6
concept, 3-2
default, 1-9, 4-7
LE and ILE bits in MSR, 1-10, 3-6
least-significant bit (Isb), 3-26
least-significant byte (LSB), 3-2
little-endian mode

description, 3-3

instruction addressing, 3-10
misaligned scalars, LE mode, 3-9
most-significant byte (MSB), 3-2
nonscalars, 3-10

dcbtst, 4-59, 5-8, 8-50
dcbz, 4-59, 4-60, 5-9, 8-51
eieio, 4-58, 5-2, 8-61

icbi, 4-61, 5-11, 8-98
isync, 4-58, 5-11, 8-99

list of instructions, 4-59, 4-66, A-24

Cache model, Harvard, 5-5
Caching-inhibited attribute (I)

caching-inhibited/-allowed operation, 5-6, 5-14

Changed (C) bit maintenance
page history information, 7-11
recording, 7-11, 7-38, 7-40, 7-40
updates, 7-64

Changes in this revision, summary, 1-7, 1-15

Classes of instructions, 4-3, 4-3
Classifications, exception, 6-3
cmp, 4-15, 8-30
cmpi, 4-15, 8-31
cmpl, 4-15, 8-32
cmpli, 4-15, 8-33
cntlzw, 4-17, 8-34
Coherence block, definition, 5-1
Compare and swap primitive, E-4
Compare instructions
floating-point, 4-25, A-18
integer, 4-15, A-14
simplified mnemonics, F-3
Computation modes
effective address, 4-3
PowerPC architecture, 1-4, 4-3
Conditional branch control, 4-47
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Context synchronization
data access, 2-37
description, 6-6
exception, 2-36
instruction access, 2-38
requirements, 2-36
return from exception handler, 6-19
Context-altering instruction, definition, 2-36
Context-synchronizing instructions, 2-36, 4-8
Conventions
instruction set
classes of instructions, 4-3
computation modes, 4-3
memory addressing, 4-7
sequential execution model, 4-3
operand conventions
architecture levels represented, 3-1
biased exponent values, 3-19
significand value, 3-17
tiny, definition, 3-18
underflow/overflow, 3-16
terminology, Xxxv
CR (condition register)
bit fields, 2-5
CR bit and identification symbols, F-1
CR logical instructions, 4-50, A-23
CR settings, 4-26, B-2
CRO/CR1 field definitions, 2-6-2-6
CRn field, compare instructions, 2-7
move to/from CR instructions, 4-52
simplified mnemonics, F-18
CR logical instructions, 4-50, A-23, F-18
crand, 4-50, 8-35
crandc, 4-51, 8-36
creqv, 4-51, 8-37
crnand, 4-50, 8-38
cmnor, 4-51, 8-39
cror, 4-50, 8-40
crorc, 4-51, 8-41
crxor, 4-50, 8-42
CTR (count register)
BO operand encodings, 2-13 v
branch conditional to count register, 4-46, B-4

D

DABR (data address breakpoint register), 2-34, 6-24
DAR (data address register)
alignment exception register settings, 6-29
description, 2-29
DSI exception register settings, 6-25
Data cache
clearing bytes, B-7
instructions, 5-8
Data cache block allocate instruction, 8-43

Data handling and precision, 3-24
Data organization, memory, 3-1
Data transfer
aligned data transfer, 1-10, 3-1
1/O data transfer addressing, LE mode, 3-11
Data types
aligned scalars, 3-6
misaligned scalars, 3-9
nonscalars, 3-10
dcba, 8-43
dcbf, 4-61, 5-10, 8-45
dcbi, 4-66, 5-19, 8-47
dcbst, 4-60, 5-9, 8-48
dcbt, 4-59, 5-8, 8-49
dcbtst, 4-59, 5-8, 8-50
dcbz, 4-59, 4-60, 5-9, 8-51, B-7
DEC (decrementer register)
decrementer operation, 2-33
POWER and PowerPC, B-9
writing and reading the DEC, 2-34
Decrementer exception, 6-5, 6-9, 6-35
Defined instruction class, 4-4
Denormalization, definition, 3-23
Denormalized numbers, 3-20
Direct-store segment
description, 7-68
direct-store address translation
definition, 7-7
selection, 7-9, 7-13, 7-34, 7-68
direct-store facility, 7-7
1/0 interface considerations, 5-19
instructions not supported, 7-69
integer alignment exception, 6-30
key bit description, 7-10
key/PP combinations, conditions, 7-44
no-op instructions, 7-70
protection, 7-10
segment accesses, 7-69
translation summary flow, 7-70
divw, 4-14, 8-53
divwu, 4-14, 8-55
DSI exception
description, 6-4
partially executed instructions, 6-11, 6-23
DSISR register
settings for alignment exception, 6-29
settings for DSI exception, 6-25
settings for misaligned instruction, 6-31
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EAR (external access register)
bit format, 2-36
eciwx, 4-62, 8-57
ecowx, 4-62, 8-59
Effective address calculation
address translation, 2-29, 7-1
branches, 4-7, 4-41
EA modifications, 3-7
loads and stores, 4-7, 4-29, 4-37
eieio, 4-58, 5-2, 8-61
eqv, 4-17, 8-63
Exceptions
alignment exception, 6-4, 6-27
asynchronous exceptions, 6-3, 6-8
classes of exceptions, 6-3, 6-12
conditions for key/PP combinations, 7-44
context synchronizing exception, 2-36
decrementer exception, 6-5, 6-9, 6-35
DSI exception, 6-4, 6-11, 6-23
~ enabling/disabling exceptions, 6-17
exception classes, 6-3, 6-12
exception conditions
inexact, 3-43
invalid operation, 3-37
MMU exception conditions, 7-16
overflow, 3-41
overview, 6-4
program exception conditions, 6-5, 6-33, 6-33
recognizing/handling, 6-1
underflow, 3-42
zero divide, 3-38
exception definitions, 6-20
exception model, overview, 1-13
exception priorities, 6-12
exception processing
description, 6-14
stages, 6-2
steps, 6-18
exceptions, effects on FPSCR, B-6
external interrupt, 6-4, 6-9, 6-27
FP assist exception, 6-5, 6-39
FP exceptions, B-8
FP program exceptions, 3-28, 6-5, 6-33, 6-33
FP unavailable exception, 6-5, 6-34
FPECR register, 2-20

INDEX

LE mode alignment exception, 6-30
machine check exception, 6-4, 6-8, 6-22
MMU-related exceptions, 7-15
overview, 1-13
" precise exceptions, 6-6
privileged instruction type program exception
condition, 6-5, 6-33
program exception
conditions, 6-5, 6-33, 6-33
register settings
FPSCR, 3-28
MSR, 6-20
SRRO/SRR1, 6-14
reset exception, 6-4, 6-8, 6-21, 6-21
return from exception handler, 6-19
summary, 4-9, 6-4
synchronous/precise exceptions, 6-3, 6-7
system call exception, 6-5, 6-36
terminology, 6-2
trace exception, 6-5, 6-37
translation exception conditions, 7-15
trap program exception condition, 6-5, 6-34
vector offset table, 6-4
Exclusive OR (XOR), 3-6
Execution model
floating-point, 3-15
IEEE operations, D-1
in-order execution, 5-16
multiply-add instructions, D-4
out-of-order execution, 5-16
sequential execution, 4-3
Execution synchronization, 4-9, 6-7
Extended mnemonics, see Simplified mnemonics
Extended/primary opcodes, 4-4
External control instructions, 4-62, 8-57-8-59, A-25
External interrupt, 6-4, 6-9, 6-27
extsb, 4-17, 8-64
extsh, 4-17, 8-65

F

fabs, 4-28, 8-66
fadd, 4-21, 8-67
fadds, 4-21, 8-68
fcmpo, 4-26, 8-69
fcmpu, 4-26, 8-70
fctiw, 4-25, 8-71

IEEE FP enabled program  exception fetiwz, 4-25, 8-72

condition, 6-5, 6-33

fdiv, 4-22, 8-73

illegal instruction program exception fdivs, 4-22, 8-74

condition, 6-5, 6-33
imprecise exceptions, 6-9
instruction causing conditions, 4-9
integer alignment exception, 6-30
ISI exception, 6-4, 6-26

Index-4 PowerPC Microprocessor Family: The Programming Environments (32-Bit)



Floating-point model
biased exponent format, 3-17
binary FP numbers, 3-19
data handling, 3-24
denormailized numbers, 3-20
execution model
floating-point, 3-15
IEEE operations, D-1
multiply-add instructions, D-4
FEO/FEL1 bits, 2-22
FP arithmetic instructions, 4-21, A-17
FP assist exceptions, 6-5
FP compare instructions, 4-25, A-18
FP data formats, 3-16
FP execution model, 3-15
FP load instructions, 4-38, A-21, D-15
FP move instructions, 4-28, A-22
FP multiply-add instructions, 4-23, A-17
FP program exceptions
description, 3-28, 6-33
exception conditions, 6-5
FEO/FEL1 bits, 6-10
POWER/PowerPC, MSR bit 20, B-8
FP rounding/conversion instructions, 4-25, A-18
FP store instructions, 4-40, A-22, B-7, D-16
FP unavailable exception, 6-5, 6-34
FPRO-FPR31, 2-4
FPSCR instructions, 4-26, A-18
IEEE floating-point fields, 3-17
IEEE-754 compatibility, 1-10, 3-17
infinities, 3-21
models for FP instructions, D-6
NaNs, 3-21
normalization/denormalization, 3-23
normalized numbers, 3-19
precision handling, 3-24
program exceptions, 3-28
recognized FP numbers, 3-18
rounding, 3-25
sign of result, 3-22
single-precision representation in FPR, 3-25
value representation, FP model, 3-18
zero values, 3-20
Flow control instructions
branch instruction address calculation, 4-41
condition register logical, 4-50
system linkage, 4-52, 4-63
trap, 4-51
fmadd, 4-23, 8-75
fmadds, 4-24, 8-76, 8-76
fmr, 4-28, 8-77
fmsub, 4-24, 8-78
fmsubs, 4-24, 8-79
fmul, 4-22, 8-80
fmuls, 4-22, 8-81, 8-81

INDEX

fnabs, 4-28, 8-82
fneg, 4-28, 8-83
fnmadd, 4-24, 8-84
fnmadds, 4-24, 8-85, 8-85
fnmsub, 4-24, 8-86
fonmsubs, 4-24, 8-87, 8-87
FP assist exception, 6-39
FP exceptions, 6-34, 6-39
FPCC (floating-point condition code), 4-25
FPECR (floating-point exception cause register), 2-32
FPRO-FPR31 (floating-point registers), 2-4
FPSCR (floating-point status and control register)
bit settings, 2-8, 3-29
FP result flags in FPSCR, 3-31
FPCC, 4-25
FPSCR instructions, 4-26, A-18
FR and FI bits, effects of exceptions, B-6
move from FPSCR, B-7
RN field, 3-26
fres, 4-22, 8-88
frsp, 3-24, 4-25, 8-90
frsqrte, 4-23, 8-91
fsel, 4-23, 8-93, D-5
fsqrt, 4-22, 8-94
fsqrts, 4-22, 8-95
fsub, 4-21, 8-96
fsubs, 4-21, 8-97

G

GPRO-GPR31 (general purpose registers), 2-3
Graphics instructions

fres, 4-22, 8-88

frsqrte, 4-23, 8-91

fsel, 4-23, 8-93

stfiwx, 4-41, 8-185
Guarded attribute (G)

G-bit operation, 5-7, 5-16

guarded memory, 5-17

out-of-order execution, 5-16

H

Harvard cache model, 5-5
Hashed page tables, 7-48
Hashing functions
page table
primary PTEG, 7-52, 7-59
secondary PTEG, 7-52, 7-60

1/0 data transfer addressing, LE mode, 3-11
/O interface considerations
direct-store operations, 5-19
memory-mapped I/O interface operations, 5-19 IND
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icbi, 4-61, 5-11, 8-98
IEEE 64-bit execution model, D-1

IEEE FP enabled program exception

condition, 6-5, 6-33
Illegal instruction class, 4-6

Illegal instruction program exception

condition, 6-5, 6-33
Imprecise exceptions, 6-9
Inexact exception condition, 3-43
In-order execution, 5-16
Instruction addressing
LE mode examples, 3-11
Instruction cache instructions, 5-10
Instruction restart, 3-14
Instruction set conventions
classes of instructions, 4-3
computation modes, 4-3
memory addressing, 4-7
sequential execution model, 4-3
Instructions
64-bit bridge instructions
optional instructions, 4-5
boundedly undefined, definition, 4-4
branch instructions ,
branch address calculation, 4-41
branch conditional
absolute addressing mode, 4-44
CTR addressing mode, 4-46
LR addressing mode, 4-45
relative addressing mode, 4-42
branch instructions, 4-49, A-22, F-6
condition register logical, 4-50
conditional branch control, 4-47
description, 4-49, A-22
effective address calculation, 4-41
system linkage, 4-52, 4-63
trap, 4-51
cache management instructions
dcbf, 4-61, 5-10, 8-45
dcbi, 4-66, 5-19, 8-47
dcbst, 4-60, 5-9, 8-48
dcbt, 4-59, 5-8, 8-49
dcbtst, 4-59, 5-8, 8-50
dcbz, 4-59, 4-60, 5-9, 8-51
eieio, 4-58, 5-2, 8-61
icbi, 4-61, 5-11, 8-98
isync, 4-58, 5-11, 8-99
list of instructions, 4-59, 4-66, A-24
classes of instructions, 4-3
condition register logical, 4-50, A-23
conditional branch control, 4-47
context-altering instructions, 2-36
context-synchronizing instructions, 2-36, 4-8
defined instruction class, 4-4

INDEX

execution synchronization, 3-35
external control instructions, 4-5, 4-62, A-25
floating-point
arithmetic, 4-21, 8-73, A-17
compare, 4-25, 8-69, A-18, F-3
computational instructions, 3-15
FP conversions, D-5
FP load instructions, 4-38, A-21, D-15
FP move instructions, 4-28, A-22
FP store instructions, A-22, B-7, D-16
FPSCR instructions, 4-26, A-18
models for FP instructions, D-6
multiply-add, 4-23, A-17, D-4
noncomputational instructions, 3-15
rounding/conversion, 4-25, 7?7-8-72, A-18
flow control instructions
branch address calculation, 4-41
CR logical, 4-50
system linkage, 4-52, 4-63
trap, 4-51
graphics instructions
fres, 4-22, 8-88
frsqrte, 4-23, 8-91
fsel, 4-23, 8-93
stfiwx, 4-41, 8-185
illegal instruction class, 4-6
instruction fetching
branch/flow control instructions, 4-41
direct-store segment, 7-15
exception processing steps, 6-18
exception synchronization steps, 6-6
instruction cache instructions, 5-10
integer store instructions, 4-33
multiprocessor systems, 5-11
precise exceptions, 6-6
uniprocessor systems, 5-10
instruction field conventions, xxxvi
instructions not supported, direct-store, 7-69
integer
arithmetic, 4-2, 4-10, A-14
compare, 4-15, A-14, F-3
load, 4-31, A-19, A-19
load/store multiple, 4-35, A-20, B-5
load/store string, 4-36, A-20, B-5
load/store with byte reverse, 4-34, A-20
logical, 4-2, 4-16, A-15
rotate/shift, 4-18-4-19, A-16-A-16, F-4
store, 4-33, A-20
invalid instruction forms, 4-5
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load and store
address generation, floating-point, 4-37
address generation, integer, 4-29
byte reverse instructions, 4-34, A-20
floating-point load, 4-38, A-21
floating-point move, 4-28, A-22
floating-point store, 4-40, B-7
integer load, 4-31, A-19, A-19
integer store, 4-33, A-20
memory synchronization, 4-53, 4-55, 4-57, A-21
multiple instructions, 4-35, A-20, B-5
string instructions, 4-36, A-20, B-5
lookaside buffer management
instructions, 4-65, 4-67, A-25
memory control instructions, 4-58, 4-65
memory synchronization instructions
eieio, 4-58, 5-2, 8-61
isync, 4-58, 5-11, 8-99
list of instructions, 4-55, 4-57, A-21
lwarx, 4-55, 8-126
stwcx., 4-55, 8-200
sync, 4-55, 5-3, 8-211, B-5
new instructions
mtmsrd, 7-65
no-op, 4-4, F-23
optional instructions, 4-5
partially executed instructions, 6-11
POWER instructions
deleted in PowerPC, B-9
supported in PowerPC, B-11
PowerPC instructions, list, A-1, A-8, A-14
preferred instruction forms, 4-4
processor control
instructions, 4-52, 4-56, 4-64, A-24
reserved bits, POWER and PowerPC, B-2
reserved instructions, 4-6
segment register manipulation
instructions, 4-66, A-25
SLB management instructions, 4-67
supervisor-level cache management
instructions, 4-65
supervisor-level instructions, 4-9
system linkage instructions, 4-52, 4-63, A-23
TLB management instructions, 4-67, A-25
trap instructions, 4-51, A-23
Integer alignment exception, 6-30
Integer arithmetic instructions, 4-2, 4-10, A-14
Integer compare instructions, 4-15, A-14, F-3
Integer load instructions, 4-31, A-19, A-19
Integer logical instructions, 4-2, 4-16, A-15
Integer rotate and shift instructions, F-4
Integer rotate/shift
instructions, 4-18-4-19, A-16-A-16, F-4

Integer store instructions
description, 4-33
instruction fetching, 4-33
list, A-20
Interrupts, see Exceptions
Invalid instruction forms, 4-5
Invalid operation exception condition, 3-37
ISI exception, 6-4, 6-26
isync, 4-58, 5-11, 8-99

K
Key (Ks, Kp) protection bits, 7-42

L

Ibz, 4-32, 8-100

Ibzu, 4-32, 8-101

Ibzux, 4-32, 8-102

Ibzx, 4-32, 8-103

Idarx/stdcx.
general information, 5-4, E-1

1fd, 4-39, 8-104

1fdu, 4-39, 8-105

1fdux, 4-39, 8-106

1fdx, 4-39, 8-107

Ifs, 4-39, 8-108

Ifsu, 4-39, 8-109

Ifsux, 4-39, 8-110

Ifsx, 4-39, 8-111

lha, 4-32, 8-112

lhau, 4-32, 8-113

lhaux, 4-32, 8-114

lhax, 4-32, 8-115

lhbrx, 4-35, 8-116

lhz, 4-32, 8-117

lhzu, 4-32, 8-118

lhzux, 4-32, 8-119

lhzx, 4-32, 8-120

Little-endian mode
alignment exception, 6-30
byte ordering, 3-3, 3-6
description, 3-3
/0 data transfer addressing, 3-11
instruction addressing, 3-10
LE and ILE bits, 3-6
mapping, 3-5
misaligned scalars, 3-9
munged structure S, 3-7-3-8

LK bit, inappropriate use, B-3

lmw, 4-36, 8-121, B-5
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Load/store
address generation, floating-point, 4-38
address generation, integer, 4-29
byte reverse instructions, 4-34, A-20
floating-point load instructions, 4-38, A-21
floating-point move instructions, 4-28, A-22
floating-point store instructions, 4-40, A-22, B-7
integer load instructions, 4-31, A-19, A-19
integer store instructions, 4-33, A-20
load/store multiple instructions, 4-35, A-20, B-5
memory synchronization instructions, 4-53, A-21
string instructions, 4-36, A-20, B-5
Logical addresses
translation into physical addresses, 7-1
Logical instructions, integer, 4-2, 4-16, A-15
Lookaside buffer management
instructions, 4-65, 4-67, A-25
Iswi, 4-36, 8-122, B-5
Iswx, 4-36, 8-124, B-5
Iwarx, 4-53, 4-55, 8-126
Iwarx/stwex.
general information, 5-4, E-1
list insertion, E-6
Iwarx, 4-55, 8-126
semaphores, 4-53
stwcx., 4-55, 8-200
synchronization primitive examples, E-2
Iwbrx, 4-35, 8-127
lwz, 4-32, 8-128
Iwzu, 4-33, 8-129
lwzux, 4-33, 8-130
Iwzx, 4-32, 8-131

Machine check exception
causing conditions, 6-4, 6-8, 6-22
non-recoverable, causes, 6-22
register settings, 6-23

mcrf, 4-51, 8-132

mcrfs, 4-27, 8-133

merxr, 4-52, 8-134

Memory access
ordering, 5-2
update forms, B-4

Memory addressing, 4-7

Memory coherency
coherency controls, 5-5
coherency precautions, 5-7
M-bit operation, 5-7, 5-7, 5-15
memory access modes, 5-6
sync instruction, 5-3

INDEX

Memory control instructions
segment register manipulation, 4-66, A-25
SLB management, 4-67
supervisor-level cache management, 4-65
TLB management, 4-67
user-level cache, 4-58
Memory management unit
address translation flow, 7-11
address translation mechanisms, 7-7, 7-11
address translation types, 7-8
block address translation, 7-7, 7-11, 7-20
conceptual block diagram, 7-6
direct-store address translation, 7-13, 7-68
exceptions summary, 7-15
hashing functions, 7-52
instruction summary, 7-17
memory addressing, 7-4
memory protection, 7-9, 7-30, 7-42
MMU exception conditions, 7-16
MMU organization, 7-5
MMU registers, 7-18
MMU-related exceptions, 7-15
overview, 1-14,7-3
page address translation, 7-7, 7-13, 7-46
page history status, 7-11, 7-38, 7-40
page table search operation, 7-48
real addressing mode translation, 7-11, 7-19, 7-33
register summary, 7-18
segment model, 7-32
Memory operands, 3-2, 4-7
Memory segment model
description, 7-32
memory segment selection, 7-33
page address translation
overview, 7-34
PTE definitions, 7-37
segment descriptor definitions, 7-35
summary, 7-46
page history recording
changed (C) bit, 7-40
description, 7-38
referenced (R) bit, 7-39
table search operations, update history, 7-39
page memory protection, 7-42
recognition of addresses, 7-33
referenced/changed bits
changed (C) bit, 7-40
guaranteed bit settings, model, 7-41
recording scenarios, 7-40
referenced (R) bit, 7-39
synchronization of updates, 7-42
table search operations, update history, 7-39
updates to page tables, 7-64
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eieio, 4-58, 5-2, 8-61
isync, 4-58, 5-11, 8-99
list of instructions, 4-55, 4-57, A-21
Iwarx, 4-53, 4-55, 8-126
stwcx., 4-53, 4-55, 8-200
sync, 4-55, 5-3, 8-211, B-5
Memory, data organization, 3-1
Memory/cache access modes, see WIMG bits
mfcr, 4-52, 8-135
mffs, 4-27, 8-136
mfmsr, 4-64, 8-137, B-1
mfspr, 4-53, 4-64, 8-138, B-6
mfsr (64-bit bridge), 4-67, 8-141, B-1
mfsrin (64-bit bridge), 4-67, 8-142
mftb, 4-56, 8-143
Migration to PowerPC, B-1
Misaligned accesses and alignment, 3-1
Mnemonics
recommended mnemonics, F-23
simplified mnemonics, F-1
Move to/from CR instructions, 4-52
MSR (machine state register)
EE bit, 6-17
FE(/FE1 bits, 2-22, 6-10
FEO/FE1 bits and FP exceptions, 3-34
LE and ILE bits, 1-10, 3-6
RI bit, 6-19
settings due to exception, 6-20
mtcrf, 4-52, 8-145
mtfsb0, 4-27, 8-146
mtfsbl, 4-27, 8-147
mtfsf, 4-27, 8-148
mtfsfi, 4-27, 8-149
mtmsr (64-bit bridge), 4-64, 8-150
mtmsrd, 7-65
mtspr, 4-53, 4-64, 8-151, B-6
mtsr (64-bit bridge), 4-67, 8-154
mtsrin (64-bit bridge), 4-67, 8-155
mulhw, 4-14, 8-156
mulhwu, 4-14, 8-157
mulli, 4-13, 8-158
mullw, 4-14, 8-159
Multiple register loads, B-5
Multiple-precision shift examples, C-1
Multiply-add
execution model, D-4
instructions, floating-point, 4-23, A-17
Multiprocessor, usage, 5-1
Munging
description, 3-6
LE mapping, 3-7-3-8

INDEX

N

nand, 4-17, 8-160

NaNs (Not a Numbers), 3-21
neg, 4-13, 8-161

No-execute protection, 7-9, 7-12
Nonscalars, 3-10

No-op, 4-4, F-23

nor, 4-17, 8-162

Normalization, definition, 3-23
Normalized numbers, 3-19

o

OEA (operating environment architecture)
cache model and memory coherency, 5-1
definition, xxvi, 1-5
general changes to the architecture, 1-17, 1-17
implementing exceptions, 6-1
memory management specifications, 7-1
programming model, 2-18
register set, 2-17

Opcodes, primary/extended, 4-4

Operands
BO operand encodings, 2-13, 4-47, B-3
conventions, description, 1-9, 3-1
memory operands, 4-7
placement

effect on performance, summary, 3-12
instruction restart, 3-14

Operating environment architecture, see OEA

Optional instructions, 4-5, A-36

or, 4-16, 8-163

orc, 4-17, 8-164

ori, 4-16, 8-165

oris, 4-16, 8-166

Out-of-order execution, 5-16

Overflow exception condition, 3-41

P

Page address translation
definition, 7-7
integer alignment exception, 6-30
overview, 7-34
page address translation flow, 7-46
page memory protection, 7-28, 7-42
page size, 7-32
page tables in memory, 7-48
PTE definitions, 7-37
segment descriptors, 7-33, 7-35
selection of page address translation, 7-7, 7-13
summary, 7-46
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Page history status

making R and C bit updates to page tables, 7-64

R and C bit recording, 7-11, 7-38, 7-40
R and C bit updates, 7-64

Page memory protection, see Protection of memory

areas
Page tables
allocation of PTEs, 7-56
definition, 7-49
example table structures, ?7?-7-58
hashed page tables, 7-48
hashing functions, 7-52, 7-59
organized as PTEGs, 7-49
page table size, 7-51
page table structure summary, 7-56
page table updates, 7-64
PTEG addresses, 7-54, 7-58
table search flow, 7-62
table search for PTE, 7-61
Page, definition, 5-5
Performance
effect of operand placement, summary, 3-12
instruction restart, 3-14
Physical address generation
generation of PTEG addresses, 7-54, 7-58
memory management unit, 7-1
Physical memory
physical vs. virtual memory, 5-1
predefined locations, 7-4 '
PIR (processor identification register), 2-36
POWER architecture
AL bit in MSR, B-2
alignment for load/store multiple, B-5
branch conditional to CTR, B-4
differences in implementations, B-4
FP exceptions, B-8
instructions
dclz/dcbz instructions, differences, B-7
deleted in PowerPC, B-9
load/store multiple, alignment, B-5
load/store string instructions, B-5
move from FPSCR, B-7
move to/from SPR, B-6
reserved bits, POWER and PowerPC, B-2

SR instructions, differences from PowerPC, B-7

supported in PowerPC, B-11

svex/sc instructions, differences, B-4
memory access update forms, B-4
migration to PowerPC, B-1
POWER/PowerPC incompatibilities, B-1
registers

CR settings, B-2

decrementer register, B-9

multiple register loads, B-5

INDEX

reserved bits, POWER and PowerPC, B-2
RTC (real-time clock), B-8
synchronization, B-5
timing facilities, POWER and PowerPC, B-8
TLB entry invalidation, B-8

PowerPC architecture
alignment for load/store multiple, B-5
byte ordering, 3-6
cache model, Harvard, 5-5
changes in this revision, summary, 1-7, 1-15
computation modes, 1-4, 4-3
differences in implementations, B-4
features summary

defined features, 1-3, 1-6

features not defined, 1-7
1/0 data transfer addressing, 3-11
instruction addressing, 3-10
instruction list, A-1, A-8, A-14
instructions

dcbz/dclz instructions, differences, B-7

deleted in POWER, B-9

load/store multiple, alignment, B-5

load/store string instructions, B-5

move from FPSCR, B-7

move to/from SPR, B-6

reserved bits, POWER and PowerPC, B-2

SR instructions, differences from POWER, B-7

supported in POWER, B-11
svcx/sc instructions, differences, B-4
levels of the PowerPC architecture, 1-5-1-6
memory access update forms, B-4
operating environment architecture, xxvi, 1-5
overview, 1-2
POWER/PowerPC, incompatibilities, B-1
registers
_ CR settings, B-2
decrementer register, B-9
multiple register loads, B-5
programming model, 1-8, 2-2, 2-14, 2-18
reserved bits, POWER and PowerPC, B-2
synchronization, B-5
timing facilities, POWER and PowerPC, B-8
TLB entry invalidation, B-8
user instruction set architecture, xxv, 1-5
virtual environment architecture, xxv, 1-5
PP protection bits, 7-42
Precise exceptions, 6-3, 6-6, 6-7
Preferred instruction forms, 4-4
Primary/extended opcodes, 4-4
Priorities, exception, 6-12
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Privilege levels
external control instructions, 4-62
supervisor/user mode, 1-9
supervisor-level cache control instruction, 4-65
TBR encodings, 4-56
user-level cache control instructions, 4-58
Privileged instruction type program exception
condition, 6-5, 6-33
Privileged state, see Supervisor mode
Problem state, see User mode
Process switching, 6-19
Processor control instructions, 4-52, 4-56, 4-64, A-24
Program exception
description, 3-28, 6-5, 6-33, 6-33
five (5) program exception conditions, 6-5, 6-33
move to/from SPR, B-6
Programming model
all registers (OEA), 2-18
user-level plus time base (VEA), 2-14
user-level registers (UISA), 2-2
Protection of memory areas
block access protection, 7-27, 7-28, 7-30, 7-42
direct-store segment protection, 7-10, 7-69
no-execute protection, 7-9, 7-12
options available, 7-9, 7-42
page access protection, 7-28, 7-30, 7-42
programming protection bits, 7-42
protection violations, 7-15, 7-30, 7-43
PTEGs (PTE groups)
definition, 7-49
example primary and secondary PTEGs, 7-58
generation of PTEG addresses, 7-54
table search operation, 7-61
PTE:s (page table entries)
adding a PTE, 7-65
modifying a PTE, 7-66
page table definition, 7-49
page table search operation, 7-61
page table updates, 7-64
PTE bit definitions, 7-38
PVR (processor version register), 2-23

Q

Quiet NaNs (QNaNs)
description, 3-21
representation, 3-22

R

Real address (RA), see Physical address generation
Real addressing mode address translation (translation
disabled)
data/instruction accesses, 7-11, 7-19, 7-33
definition, 7-7

Real numbers, approximation, 3-18
Record bit (Rc)
description, 8-3
inappropriate use, B-3
Referenced (R) bit maintenance
page history information, 7-11
recording, 7-11, 7-38, 7-39, 7-40
updates, 7-64
Registers
configuration registers
MSR, 2-20
PVR, 2-23
exception handling registers
DAR, 2-29
DSISR, 2-30
FPECR (optional), 2-32
list, 2-19
SPRGO-SPRGS3, 2-30
SRRO/SRR1, 2-31
FPECR register (optional), 2-20
memory management registers
BATs, 2-24
list, 2-19
SDR1, 2-27
SRs, 2-28
miscellaneous registers
DABR (optional), 2-34
DEC, 2-33
EAR (optional), 2-35
list, 2-20
PIR (optional), 2-36
TBL/TBU, 2-15
MMU registers, 7-18
multiple register loads, B-5
OEA register set, 2-17
optional registers
DABR, 2-34
EAR, 2-35
FPECR, 2-32
PIR, 2-36
reserved bits, POWER and PowerPC, B-2
supervisor-level
BATs, 2-24, 7-25
DABR, 6-24
DABR (optional), 2-34
DAR, 2-29
DEC, 2-33, B-9
DSISR, 2-30
EAR (optional), 2-35
FPECR (optional), 2-32
MSR, 2-20
PIR (optional), 2-36
PVR, 2-23
SDR1, 2-27
SPRGO-SPRG3, 2-30 IND
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SRRO/SRR1, 2-31
SRs, 2-28
TBL/TBU, 2-15
UISA register set, 2-1
user-level
CR, 2-5
CTR, 2-12
FPRO-FPR31, 2-4
FPSCR, 2-7
GPRO-GPR31, 2-3
LR, 2-11
TBL/TBU, 2-32
XER, 2-11, B-4
VEA register set, 2-13
Reserved instruction class, 4-6
Reset exception, 6-4, 6-8, 6-21
Return from exception handler, 6-19
rfi (64-bit bridge), 4-63, 8-167
rlwimi, 4-19, 8-168
rlwinm, 4-19, 8-169
rlwnm, 4-19, 8-171
Rotate/shift instructions, 4-18-4-19, A-16-A-16, F-4
Rounding, floating-point operations, 3-25
Rounding/conversion instructions, FP, 4-25
RTC (real time clock), B-8

S

sc
differences in implementation, POWER and
PowerPC, B-4
for context synchronization, 4-8
occurrence of system call exception, 6-36
user-level function, 4-52, 4-63, 8-172
Scalars
aligned, LE mode, 3-6
big-endian, 3-2
description, 3-2
little-endian, 3-2
SDR1 register
definitions, 7-50
format, 7-50
generation of PTEG addresses, 7-54, 7-58
Segment registers
instructions
POWER/PowerPC, differences, B-7
segment descriptor
definitions, 7-35
format, 7-35
SR manipulation instructions, 4-66, 4-66, A-25
T = 1 format (direct-store), 7-68
T-bit, 2-28, 7-33
Segmented memory model, see Memory management
unit
Sequential execution model, 4-3

Shift/rotate instructions, 4-18-4-19, A-16—-A-16, F-4
Signaling NaNs (SNaNs), 3-21
Simplified mnemonics
branch instructions, F-6
compare instructions, F-3
CR logical instructions, F-18
recommended mnemonics, 4-55, F-23
rotate and shift, F-4
special-purpose registers (SPRs), F-21
subtract instructions, F-2
trap instructions, F-19
SLB management instructions, 4-67
slw, 4-20, 8-173
SNaNs (signaling NaNs), 3-21
Special-purpose registers (SPRs), F-21
SPRGO-SPRG3, conventional uses, 2-30
sraw, 4-20, 8-174
srawi, 4-20, 8-175
SRRO/SRRI1 (status save/restore registers)
format, 2-31, 2-31
machine check exception, register settings, 6-23
srw, 4-20, 8-176
stb, 4-33, 8-177
stbu, 4-33, 8-178
stbux, 4-34, 8-179
stbx, 4-33, 8-180
stdex./ldarx
general information, 5-4, E-1
stfd, 4-40, 8-181
stfdu, 4-40, 8-182
stfdux, 4-41, 8-183
stfdx, 4-40, 8-184
stfiwx, 4-41, 8-185, D-16
stfs, 4-40, 8-186
stfsu, 4-40, 8-187
stfsux, 4-40, 8-188
stfsx, 4-40, 8-189
sth, 4-34, 8-190
sthbrx, 4-35, 8-191
sthu, 4-34, 8-192
sthux, 4-34, 8-193
sthx, 4-34, 8-194
stmw, 4-36, 8-195
Structure mapping examples, 3-3
stswi, 4-36, 8-196
stswx, 4-36, 8-197
stw, 4-34, 8-198
stwbrx, 4-35, 8-199
stwcx., 4-53, 4-55, 8-200
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stwex./lwarx
general information, 5-4, E-1
lwarx, 4-55, 8-126
semaphores, 4-53
stwcex., 4-55, 8-200
synchronization primitive examples, E-2
stwu, 4-34, 8-202
stwux, 4-34, 8-203
stwx, 4-34, 8-204
subf, 4-11, 8-205
subfc, 4-12, 8-206
subfe, 4-12, 8-207
subfic, 4-11, 8-208
subfme, 4-13, 8-209
subfze, 4-13, 8-210
Subtract instructions, F-2
Summary of changes in this revision, 1-7, 1-15
Supervisor mode, see Privilege levels
sync, 4-55, 5-3, 8-211, B-5
Synchronization
compare and swap, E-4
context/execution synchronization, 2-36, 4-8, 6-6
context-altering instruction, 2-36
context-synchronizing exception, 2-36
context-synchronizing instruction, 2-36
data access synchronization, 2-37
execution of rfi, 6-19
implementation-dependent
requirements, 2-38, 2-39
instruction access synchronization, 2-38
list insertion, E-6
lock acquisition and release, E-5
memory synchronization instructions, 4-53, A-21
overview, 6-6
requirements for lookaside buffers, 2-36
requirements for special registers, 2-36
rfi/rfid, 2-37
synchronization primitives, E-2
synchronization programming examples, E-1
synchronizing instructions, 1-11, 2-37
Synchronous exceptions
causes, 6-3
classifications, 6-3
exception conditions, 6-7
System call exception, 6-5, 6-36
System IEEE FP enabled program exception
condition, 6-5, 6-33
System linkage instructions
list of instructions, A-23
rfi, 8-167
sc, 4-52, 4-63, 8-172
System reset exception, 6-4, 6-8, 6-21

T

Table search operations
hashing functions, 7-52
page table algorithm, 7-61
page table definition, 7-49
SDRI1 register, 7-50
table search flow (primary and secondary), 7-62
Terminology conventions, XXxv
Time base
computing time of day, 2-16
reading the time base, 2-16
TBL/TBU, 2-15
timer facilities, POWER and PowerPC, B-8
writing to the time base, 2-32
Tiny values, definition, 3-18
TLB invalidate
TLB entry invalidation, B-8
TLB invalidate broadcast operations, 7-18, 7-64
TLB management instructions, A-25
tlbie instruction, 7-18, 7-64
TLB management instructions, 4-67
tlbia, 4-68, 8-212
tlbie, 4-68, 8-213, B-8
tlbsync, 4-68, 8-214
tlbsync instruction emulation, 7-64
TO operand, F-21
Trace exception, 6-5, 6-37
Trap instructions, 4-51, F-19
Trap program exception condition, 6-5, 6-34
tw, 4-51, 8-215
twi, 4-51, 8-216

u

UISA (user instruction set architecture)
definition, xxv, 1-5
general changes to the architecture, 1-16
programming model, 2-2
register set, 2-1
Underflow exception condition, 3-42
User instruction set architecture, see UISA
User mode, see Privilege levels
User-level registers, list, 2-2, 2-14

\'

VEA (virtual environment architecture)
cache model and memory coherency, 5-1
definition, xxv, 1-5
general changes to the architecture, 1-16, 1-16
programming model, 2-14
register set, 2-13
time base, 2-15

Vector offset table, exception, 6-4
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Virtual address

formation, 2-29
Virtual environment architecture, see VEA
Virtual memory

implementation, 7-3

virtual vs. physical memory, 5-1

w

WIMG bits, 5-6, 7-65
description, 5-12
G-bit, 5-16
in BAT register, 7-26
in BAT registers, 5-13
WIM combinations, 5-15
Write-back mode, 5-14
Write-through attribute (W)
write-through/write-back operation, 5-6, 5-13

X

XER register
bit definitions, 2-11
difference from POWER architecture, B-4
xor, 4-16, 8-217
XOR (exclusive OR), 3-6
xori, 4-16, 8-218
xoris, 4-16, 8-219

z

Zero divide exception condition, 3-38
Zero numbers, format, 3-20

Zero values, 3-20
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Norcross
Future Electronics ............ (770)441-7676
Newark ........covvvvnennn. (770)448-1300
PENSTOCK ......ocivnvnnnnn (770)734-9990
Wyle Electronics ............. (770)441-9045
IDAHO
Boise
FAL. e (208)376-8080
Newark .........ocovvvuinen. (208)342—-4311
ILLINOIS
Addison
Wyle Laboratories ............ (708)620-0969
Bensenville
Hamilton/Hallmark ........... (708)797-7322
Chlcago
......................... (708)843-0034
Newark Electronics Corp. .. 1-800-4NEWARK
Hoffman Estates
Future Electronics ............ (708)882—-1255
Itasca
Arrow/Schweber Electronics ... (708)250-0500
Palatine
PENSTOCK .....covvvvvnunen. (708)934-3700
Schaumburg
Newark .....ooviviineinnnnn. (708)310-8980
Time Electronics ........... 1-800-789-TIME
INDIANA
Indianapolis
Arrow/Schweber Electronics ... (317)299-2071
Bailey's Electronics ........... (317)848-9958
Hamilton/Hallmark ........... (317)575-3500
[ PR (317)469-0441
Future Electronics ............ (317)469-0447
Newark ........covvvivninnnn (317)259-0085
Time Electronics ........... 1-800-788-TIME
Ft. Wayne
Newark ........cccovvvvinnnn, (219)484-0766
PENSTOCK .....ovvvuinvnnnn (219)432-1277
IOWA
Cedar Rapids
NEWarK ..vvveenreeinnneannns (319)393-3800
Time Electronics ........... 1-800-789-TIME
KANSAS
Kansas City
......................... (913)381-6800
Lenexa
Arrow/Schweber Electronics .... (913)541-9542
Hamilton/Hallmark ........... (913)663-7900
Olathe
PENSTOCK .....cuvvvnnnnnnn (913)829-9330
Overland Park
Future Electronics ............ (913)649-1531
Newark .......covvvuvnnnenns (913)677-0727
Time Electronics ........... 1-800-788-TIME
MARYLAND
Baltimore
Y (410)312-0833
Columbia
Arrow/Schweber Electronics ... (301)596-7800
Future Electronics ............ (410)290-0600
Hamilton/Halimark ........... (410)720-3400
Time Electronics ........... 1-800-789-TIME
PENSTOCK .....ccvvnnnnnnnn (410)290-3746
Wyle Electronics ............. (410)312-4844
Hanover
Newark ......coovvvinenninnnn (410)712-6922

For changes to this information contact Technical Publications at FAX (602) 244-6560
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UNITED STATES - continued

MASSACHUSETTS
Boston
Arrow/Schweber Electronics ... (508)658-0900
[ DU, (508)779-3111
Newark .................. 1-800-4NEWARK
Bolton
Future Corporate ............. (508)779-3000
Burlington
PENSTOCK .....ovvviivnnnnn (617)229-9100
Wyle Electronics ............. (617)271-9953
Peabody

Time Electronics ........... 1-800~789-TIME
Hamilton/Halimark ........... (508)532-9893

Woburn
Newark ........ccoovvvninnnn (617)935-8350
MICHIGAN
Detroit
FAL. .o (313)513-0015
Future Electronics (616)698-6800
Grand Rapids
Newark ..................... (616)954-6700
Livonia
Arrow/Schweber Electronics ... (810)455-0850
Future Electronics ............ (313)261-5270
Hamilton/Hallmark ........... (313)416-5800
Time Electronics ........... 1-800-789-TIME
Troy
Newark ......coovvuniennnnnnn (810)583-2899
MINNESOTA
Bloomington
Wyle Electronics .............. (612)853-2280
Burnsville
PENSTOCK .....ovvvvnennnn. (612)882-7630

Eden Prairie
Arrow/Schweber Electronics ... (612)941-5280
. (612)947-0908

. (612)944-2200

Future Electronics . . .
Hamilton/Hallmark .. ... (612)881-2600
Time Electronics ........... 1—800—789—TIME
Minneapolis
Newark ......coovuvinvnnnnns (612)331-6350
Earth Ci
Hamilton/Hallmark ........... (314)291-5350
MISSOURI
St. Louis
Arrow/Schweber Electronics ... (314)567-6888
Future Electronics (314)469-6805
FAL....cooiiiiiiiiine, ... (314)542-9922
Newark ......cocvvvinvnnnnns (314)453-9400
Time Electronics ........... 1-800-789-TIME
NEW JERSEY
Bridgewater
PENSTOCK .....covvvninnnnn (908)575~-9490
Cherry Hill
Hamilton/Hallmark ........... (609)424-0110
East Brunswick
Newark .......ooovueuinnnnn. (908)937-6600
Falr{leld
......................... (201)331-1133
Marlto
Arrow/Schweber Electronics .. .. (609)596-8000
FAL i (609)988-1500
Future Electronics ............ (609)596-4080
Pinebrook
Arrow/Schweber Electronics ... (201)227-7880
Wyle Electronics ............. (201)882-8358
Parsi|
Future Electronics ............ (201)299-0400
Hamilton/Hallmark ........... (201)515-1641
Wayne
Time Electronics ........... 1-800-789-=TIME
NEW MEXICO
Albuquerque
. Hamiltor/Hallmark ........... (505)828-1058
Newark ......cocvvnvninnnnn. (505)828-1878
NEW YORK
Bohemia
Newark ........coovvivninen. (516)567-4200

Hauppauge
Arrow/Schweber Electronics . .. (516)231-1000
Future Electronics . . . (516)234-4000

. (516)434-7400

Hamilton/Hallmark . .
1-800-4NEWARK

Newark .........

PENSTOCK ......ccvvnvennn (516)724-9580
Konkoma

Hamilton/Hallmark ........... (516)737-0600
Long island

27 (516)348-3700

Melville

Wyle Laboratories ............ (516)293-8446
Pittsford

Newark ......covvvvvnvnnnnns (716)381-4244
Rochester

Arrow/Schweber Electronics . .. (716)427-0300

Future Electronics .. (716)387-9550

FAL...oooviinnnne .. (716)387-9600

Hamilton/Hallmark . . (716)272-2740

Time Electronics ........... 1—800—789—TIME
Syracuse

Al (315)451-4405

Future Electronics .. . (315)451-2371

Newark .... .. (315)457-4873

Time Electronics ........... 1-800-789-TIME

NORTH CAROLINA

Charlotte

FAL i (704)548-9503

Future Electronics . . (704)547-1107

Newark .....ooovvuiinnninnnn (704)535-5650
Raleigh

Arrow/Schweber Electronics ... (919)876-3132

) N . (919)876-0088

Future Electronics . . (919)790-7111

Hamilton/Hallmark . . (919)872-0712
Newark ........ 1-800—4NEWARK
Time Electronics ........... 1-800-789-TIME
OHIO
Centerville
Arrow/Schweber Electronics . .. (513)435-5563
CIeveland
......................... (216)446-0061
Newark . (216)391-9330
Time Electronics ........... 1—800—789-TIME
Columbus
Newark .........coevvvvnnnn. (614)326-0352
Time Electronics ........... 1-800-789-TIME
Dayton
Y (513)427-6090

Future Electronics .

Hamilton/Hallmark . (5613)439-6735

Newark .......... ... (513)294-8980

Time Electronics ........... 1-800-789-TIME
Mayfield Heights

Future Electronics ............
Solon

Arrow/Schweber Electronics . .

Hamilton/Hallmark
Worthington

Hamilton/Hallmark

OKLAHOMA

Tulsa

(513)426-0090

(216)449-6996

. (216)248-3990
(216)498-1100

(614)888-3313

(918)492-1500
.. (918)459-6000
(918)252-5070

OREGON
Beaverton
Arrow/Aimac Electronics Corp. . (503)629-8090
Future Electronics ............ (503)645-9454
Hamilton/Hallmark ........... (503)526-6200
Wyle Electronics ............. (503)643-7900
Portland
......................... (503)297-5020
Newark ..................... (503)297-1984
PENSTOCK ....ovviuiinnnnns (503)646—-1670
Time Electronics ........... 1-800-789-TIME
PENNSYLVANIA
Coatesville
PENSTOCK ...ovvninninnnns (610)383-9536

Ft. Washlngton
..................... (215)654—1434
Mt. Laurel
Wyle Electronics ............. (609)439-9110
Philadelphia
Time Electronics ........... 1-800-789-TIME
Wyle Electronics ............. (609)439-9110
Pittsburgh
Arrow/Schweber Electronics ... (412)963-6807
Newark ..........cocovninennn (412)788—4790
Time Electronics ........... 1-800-789-TIME
TENNESSEE
Knoxville
Newark .......ccoovvuiiennnn, (615)588-6493
TEXAS
Austin
Arrow/Schweber Electronics ... (512)835—-4180
Future Electronics ............ (512)502-0991
) N (512)346-6426
Hamilton/Hallmark ........... (5612)219-3700
Newark ........coovuvunnnn. (972)458-2528
PENSTOCK .....cvvvvnnnnn. (512)346-9762
Time Electronics ........... 1-800~-789-TIME
Wyle Electronics ............. (512)833-9953
Benbrook
PENSTOCK .....vvvvnniinnn, (817)249-0442
Caroliton
Arrow/Schweber Electronics ... (214)380-6464
Dallas
(214)231-7195

7
Future Electronics . . ... (214)437-2437

Hamilton/Hallmark . . (214)553-4300
Newark ......... ... (214)458-2528
Time Electronics . .. 1-800-789-TIME
Wyle Electronics ............. (214)235-9953
El Paso
......................... (915)577-9531
Newark ..................... (915)772-6367
Ft. Worth
Allied Electronics ............. (817)336-5401
Houston
Arrow/Schweber Electronics ... (713)647-6868

. (713)952-7088

Future Electronics . . . (713)785-1155

Hamilton/Hallmark . .. (713)781-6100
Newark ......... . (713)894-9334
Time Electronics . 1-800—789—TIME

Wyle Electronics ............. (713)879-9953
Richardson

PENSTOCK ...vvveeeevnnnnnn (214)479-9215
San Antonio

......................... (210)738-3330
Newark .................... (210)734-7960
UTAH

Salt Lake City

Arrow/Schweber Electronics ... (801)973-6913

[ I . (801)467-9696

Future Electronics . (801)467-4448

Hamilton/Hallmark . (801)266-2022

Newark ........ . (801)261-5660

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

Time Electronics ........... 1-800~789-TIME

Wyle Electronics (801)974-9953

WASHINGTON

Bellevue

Almac Electronics Corp. ...... (206)643-9992

PENSTOCK ....ovvvnvnnennen (206)454~2371
Bothell

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

Newark ........cooovnvuvnnnnn (206)814~6230
Redmond

Hamilton/Hallmark ........... (206)882~7000

Time Electronics ........... 1-800-789-TIME

Wyle Electronics ............. (206)881-1150
Seattle

(206)485-6616
(206)881-1150

For changes to this information contact Technical Publications at FAX (602) 244-6560
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WISCONSIN

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

Wyle Electronics (414)521-9333
Madison
Newark ........ccovneninnnnn. (608)278-0177
Milwaukee .
FAL..ooiiiii (414)792-9778
Time Electronics ........... 1-800-789-TIME
New Berlin
Hamilton/Hallmark ........... (414)780-7200
Wauwatosa
Newark ........ccovvuinennnn (414)453-9100
CANADA
ALBERTA
Calgary
Electro Sonicinc. ........... (403)255-9550
FAL o (403)291-5333
Future Electronics ............ (403)250-5550
Hamilton/Hallmark ........... (800)663-5500
Edmonton
FAL. oot (403)438-5888
Future Electronics . .. (403)438-2858
Hamilton/Hallmark (800)663-5500

Saskatchewan
HamiltorvHallmark ........... (800)663-5500
BRITISH COLUMBIA
Vancouver
Arrow Electronics ............ (604)421-2333
Electro Sonicinc. ............ (604)273-2911
Y (604)654~1050
Future Electronics ............ (604)294-1166
Hamiltor/Hallmark ........... (604)420-4101
MANITOBA
Winnipe
Electro Sonicinc. ........... (204)783-3105
- I (204)786-3075
Future Electronics ............ (204)944-1446
Hamilton/Hallmark ........... (800)663-5500
ONTARIO
Kanata
PENSTOCK ........vvvvnnnn (613)592-6088
London
Newark .........cooveennnnnn (519)685-4280
Mississauga
PENSTOCK ...........oete (905)403-0724
Newark .........cocevuieninen (905)670-2888

INTERNATIONAL DISTRIBUTORS

AUSTRALIA
AVNET VS| Electronics (Aust) .... (61)29878-1299
Veltek Australia Pty Ltd (61)39574-9300

AUSTRIA
EBV Elektronik .............. (43) 18941774
SEl/Elbatex GmbH ............ (43) 1 866420
Spoerle Electronic ... ........ (43) 131872700
BELGIUM
Spoerle Electronic ............. (32) 2 725 4660
EBV Elektronik ............. (32) 2716 0010
SEl/RodelcoB.V. ........... (32) 2 460 0560
BULGARIA
MacroGroup .........oeunenn. (359) 2708140
CZECH REPUBLIC
Spoerle Electronic .............. (42) 2731355
SEI/EIbatex .......ocuveunenn. (42) 24763707
MacroGroup ............o..uns (42) 23412182
CHINA

Advanced Electronics Ltd. ... (852)2 305-3633
AVNET WKK Components Ltd. ... (852)2 357-8888
China EI. App. Corp. XiaMan Co. . (86)106818-9750
Nanco Electronics Supply Ltd. . (852) 2 765-3025

........................ or (852) 2 333-5121
Qing Cheng Enterprises Ltd. . . (852) 2 493—4202
DENMARK
Arrow ExateC ............... (45) 44 927000
Avnet NortecA/S ............ (45) 44 880800
EBV Elektronik ............... (45) 39690511
ESTONIA
Arrow FieldEesti .............. (372) 6503288
Avnet Baltronic ............... (372) 6397000
FINLAND
Arrow FieldOY ............. (35) 89777571
Avnet NortecOY ............. (35) 896 13181
FRANCE
Arrow Electronique ........ (33)149784978
Avnet Components ........ (33) 149652500
EBV Elektronik ........... (33) 164 68 86 00
Future Electronics ............ (33)1 69821111
Newark .......ocovuvuinnnnn (33)1-30954060
SEl/Scaib ................ (33) 169 19 89 00
GERMANY
AvnetE2000 ............... (49) 89 4511001
EBV Elektronik GmbH ....... (49) 89 99114-0
Future Electronics GmbH .... (49) 89-857 270
SEl/Jermyn GmbH .......... (49) 6431-5080
Newark .......coovvninnnnnn (49)2154-70011

GERMANY - continued

Sasco Semiconductor ......... (49) 89-46110

Spoerle Electronic ........... (49) 6103-304-0
GREECE

EBV Elektronik ............... (30) 13414300
HOLLAND

EBV Elektronik ............ (31) 3465 623 53

Spoerle Electronic ............ (31) 4054 5430

SEl/RodelcoB.V. .......... (31) 7657 227 00
HONG KONG

AVNET WKK Components Ltd. ... (852)2357-8888

Nanshing Cir. & Chem. Co. Ltd ... (852)2333-5121
INDIA

Canyon Products Ltd ........ (91) 80 558-7758
INDONESIA

P.T.Ometraco ............. (62) 21 619-6166
IRELAND

AITOW ..ieiiiiiiininnnenn (353) 14595540

Future Electronics ............. (353) 6541330

MacroGroup ............... (353) 16766904
ITALY

AVNETEMGSRL............. (39) 2 381901

EBV Elektronik ............... (39) 2 660961

Future Electronics ...:......... (39) 2 660941

Silverstar Ltd. SpA ........... (39) 266 12 51

JAPAN
AMSCCo,, Ltd. ............ 81-422-54-6800
Fuji Electronics Co., Ltd. .... 81-3-3814-1411
Marubun Corporation ....... 81-3-3639-8951

Nippon Motorola Micro Elec. . 81-3-3280-7300

OMRON Corporation ....... 81-3-3779-9053

Tokyo Electron Ltd. ......... 81-3-5561-7254
KOREA

JungKwangSa.............. (82)2278-5333

Lite-On Korea Ltd. ........... (82)2858-3853

NascoCo. Ltd. ..........n.e. (82)23772-6800
LATVIA

AVnet......coiiiiiiiiiiiinnn, (371) 8821118
LITHUANIA

MacroGroup .......ccevuunenn (370) 7751487
NEW ZEALAND

AVNETVSI(NZ)Ld......... (64)9 636-7801
NORWAY

Arrow TahonicA/S ............ (47)2237 8440

Avnet Nortec A/S Norway ..... (47) 66 846210
PHILIPPINES

Alexan Commercial ......... (63) 2241-9493

Ottawa
Arrow Electronics ............ (613)226-6903
Electro SonicInc. ............ (613)728-8333
[ (613)820-8244
Future Electronics ............ (613)727-1800
Hamilton/Hallmark ........... (613)226—-1700
Toronto
Arrow Electronics ............ (905)670-7769
Electro Sonicinc. ............ (416)494—-1666
FAL. coiiii i (905)612-9888
Future Electronics ............ (905)612-9200
-Hamilton/Hallmark ........... (905)564~6060
Newark ........coovivnuannnn (905)670-2888
QUEBEC
Montreal
Arrow Electronics ............ (514)421-7411
2 (514)694-8157
Future Electronics ............ (514)694-7710
Hamilton/Hallmark ........... (514)335-1000
Mt. Royal
Newark .........ooovuiuinen, (514)738-4488
Quebec City
Arrow Electronics ............ (418)687—4231
2 (418)682-5775
Future Electronics ............ (418)877-6666.
POLAND
MacroGroup ................ (48) 22 224337
SEVEIbatex ................ (48) 22 6254877
Spoerle Electronic . ............ (48) 22 6060447
PORTUGAL
Amitron Arrow .......... ...l (35) 114714806
ROMANIA
MacroGroup ..........cveune (401) 6343129
RUSSIA
MacroGroup ..........eeuen. (781) 256311476
SCOTLAND
EBV Elektronik ............ (44) 161 4993434
SINGAPORE
Future Electronics ............. (65) 479-1300

StrongPte. Ltd ............... (65) 276-3996
Uraco Technologies Pte Ltd. .... (65) 545-7811
SLOVAKIA

MacroGroup .........c..coeen.n (42) 89634181
SLOVENIA

SEI/EIbatex ............c... (48) 22 6254877
SPAIN

Amitron Arrow ...... ...l (34) 1304 30 40

EBV Elektronik ............. (34) 1804 32 56

SEI/SelcoSA............... (34) 163710 11
SWEDEN

Arrow=This .....ooeiiiiinnn. (46) 8 362970

Avnet NortecAB ............ (46) 8 629 14 00
SWITZERLAND

EBV Elektronik .............. (41) 17456161

SEl/ElbatexAG ............. (41) 56 4375111

Spoerle Electronic............ (41) 1 8746262
S. AFRICA

Advanced ...........oouenns (27) 11 4442333

Reuthec Components ....... (27) 11 8233357
THAILAND

Shapiphat Ltd. .. (66)2221-0432 or2221-5384
TAIWAN
Avnet-Mercuries Co., Ltd ... (886)2516-7303
Solomon Technology Corp. .. (886)2 788-8989
Strong Electronics Co. Ltd. .. (886)2917-9917
UNITED KINGDOM
Arrow Electronics (UK) Ltd .. (44) 1 234 270027
AVNet/ACCesS .......ovunnn (44) 1 462 488500
EBV Elektronik (44) 1 628 783688
Future Electronics Ltd. ..... (44) 1 753 763000
MacroGroup .............. (44) 1 628 60600
Newark ........cooivnnnnn (44) 1 420 543333

For changes to this information contact Technicai Publications at FAX (602) 244-6560
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MOTOROLA WORLDWIDE SALES OFFICES

UNITED STATES
ALABAMA
Huntsville (205)464-6800
LASK .. (800)635-8291
ARIZONA
Tempe..... .. (602)302-8056
CALIFORNIA
Calabasas (818)878-6800
Iving ... .. (714)753-7360
Los Angeles .. (818)878-6800
San Diego .. (619)541-2163
Sunnyvale .. (408)749-0510
COLORADO
Denver ........coovvnvevnnn, (303)337-3434
CONNECTICUT
Wallingford .........ooouient. (203)949-4100
FLORIDA
Clearwater ..........c..cven. (813)524-4177
Maitland ...........oiiiinnen (407)628-2636
Pompano Beach/Ft. Lauderdale .. . . . (954)351-6040
GEORGIA )
Atlanta ...............ooo.l (770)729-7100
IDAHO
BOISB....covviiiiiiiiiiines (208)323-9413
ILLINOIS
Chicago/Schaumburg.......... (847)413~2500
INDIANA
Indianapolis .............euns (317)571-0400
Kokomo ...........evennnnn (317)455~5100
IOWA
CedarRapids................ (319)378-0383
KANSAS
Kansas City/Mission .......... (913)451-8555
MARYLAND
Columbia ......ovvviiienenen (410)381-1570
MASSACHUSETTS .
Marlborough (508)357-8200
WObUM ..veeeieneannnns (617)932-9700
MICHIGAN
Detroit ..o vvviiiiiiiiiiits (810)347-6800
Literature ..........covvinnnns (800)392-2016
MINNESOTA
Minnetonka .........coeennne (612)932-1500
MISSOURI
StLouis ..vviii it (314)275-7380
NEW JERSEY
Fairfield . ........ooovniinls (201)808-2400
NEW YORK
Fairport (716)425-4000
Fishkill ........... .. (914)896-0511
Hauppa (516)361-7000
NORTH CAROLINA
Raleigh ......ccvvvevvnnnnn (919)870-4355
OHIO
Cleveland ........ccvvennnens (216)349-3100
Columbus/Worthington . . . (614)431-8492
Dayton ......cocevvveinnnnnan (937)438-6800
OKLAHOMA '
LT T (918)459-4565
OREGON
Portland .................... (503)641-3681
PENNSYLVANIA
Colmar ......covvvvieninnnn (215)997-1020
Philadelphia/Horsham ........ (215)957-4100

TENNESSEE .
Knoxville .......covvvenunnnn. (423)584-4841
TEXAS
AUSEIN ..viiiiiiii e (512)502-2100
Houston .. ceee .. (713)251-0006
Plano.....cooevviiviiiinnn (972)516-5100
VIRGINIA
Richmond ................... (804)285-2100
UTAH
CSIINC...vvviiiiniiieiinnnns (801)572-4010
WASHINGTON
Bollevue ........coviiennnnes (206)454-4160
Seattle ACCESS .......oeenn.t (206)622-9960
WISCONSIN
Milwaukee/Brookfield ......... (414)792-0122
Field Applications Engineering Available
Through All Sales Offices
CANADA
BRITISH COLUMBIA
Vancouver .........eeeeeenss (604)606-8502
ONTARIO
Ooftawa ......evvvrneinnenen (613)226-3491
Toronto ..ovvvvienininniiiinns (416)497-8181
QUEBEC
Montreal .........coovvunnnenn (514)333-3300
INTERNATIONAL
AUSTRALIA
Melbourne ................. (61-3)98870711
Sydney ...oeiiiiiiiiiiinnn (61-2)99661071
BRAZIL
SaoPaulo ............0u.n 55(11)815-4200
CHINA
Beijing ...... .. 86~10-68437222
Guangzhou 86-20-87537888
Shanghai .... ceveee... 86-21-63747668
Tianjin coveeiiiiiiiiiinn 86-22-5325072
DENMARK
Denmark.........coovvniienns (45) 43488393
FINLAND
Helsinki ..........ooon 358-0-351 61191
carphong ........coeevnvnnnn 358(49)211501
FRANCE
Paris ....cooviiiiiiiiiiiiiians 33134 635900
GERMANY
Langenhagen/Hanover 49(511)786880
Munich ........ovvenee .. 498992103-0
Nuremberg . .. . 49911 96-3190
Sindelfingen .. e .. 49703179710
Wiesbaden............covvuus 49 611 973050
HONG KONG
Kwai Fong .. 852-2-610-6888
TaiPo ...... 852-2-666-8333
INDIA
Bangalore.................. 91-80-5598615
ISRAEL
Herzlia ............c.coiuts 972-9~590222
ITALY
L1 N 39(2)82201

JAPAN

Kyusyu ....oovvuiivnnnnnn 81~92-725-7583

Gotanda ...... 81-3-5487-8311

Nagoya....... 81-52-232-3500

Osaka ........ 81-6-305~-1801

Sendai ....... 81-22-268-4333

Takamatsu .... 81-878-37-9972

TOKYO ©uveviniiniiianninnn 81-3-3440-3311
KOREA

Pusan .......oovveiiiinnnnn 82(51)4635~-035

SO0Ul....viiiiiiiiiiieannns 82(2)554-5118
MALAYSIA

Penang .......coovvvviennnnn 60(4)228-2514
MEXICO

MexicoCity ................. 52(5)282-0230

Guadalajara ......ovuiinnnnnn 52(36)21~-8977

Zapopan Jalisco ............. 52(36)78-0750

Marketing .............couee. 52(36)21-2023

Customer Service . .......... 52(36)669-9160
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