

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 8-21 shows the use of the TEA signal. Note that all bidirectional signals are
three-stated between bus tenures. Note the following:

» The first data beat of the read burst (in clock 0) is the critical quad word.
* The TEA signal truncates the burst write transfer on the third data beat.
* The 750 eventually causes an exception to be taken on the TEA event.
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Figure 8-21. Use of Transfer Error Acknowledge (TEA)
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8.6 Optional Bus Configuration

The 750 supports an optional bus configuration that is selected by the assertion or negation
of the DRTRY signal during the negation of the HRESET signal. The operation and
selection of the optional bus configuration is described in the following sections.

8.6.1 32-Bit Data Bus Mode
This mode is not supported on the 750.

8.6.2 No-DRTRY Mode

The 750 supports an optional mode to disable the use of the data retry function provided
through the DRTRY signal. The no-DRTRY mode allows the forwarding of data during
load operations to the internal CPU one bus cycle sooner than in the normal bus protocol.

The 60x bus protocol specifies that, during load operations, the memory system normally
has the capability to cancel data that was read by the master on the bus cycle after TA was
asserted. In the 750 implementation, this late cancellation protocol requires the 750 to hold
any loaded data at the bus interface for one additional bus clock to verify that the data is
valid before forwarding it to the internal CPU. For systems that do not implement the
DRTRY function, the 750 provides an optional no-DRTRY mode that eliminates this
one-cycle stall during all load operations, and allows for the forwarding of data to the
internal CPU immediately when TA is recognized.

When the 750 is in the no-DRTRY mode, data can no longer be cancelled the cycle after it
is acknowledged by an assertion of TA. Data is immediately forwarded to the CPU
internally, and any attempt at late cancellation by the system may cause improper operation
by the 750.

When the 750 is following normal bus protocol, data may be cancelled the bus cycle after
TA by either of two means—late cancellation by DRTRY, or late cancellation by ARTRY.
When no-DRTRY mode is selected, both cancellation cases must be disallowed in the
system design for the bus protocol.

When no-DRTRY mode is selected for the 750, the system must ensure that DRTRY is not
asserted to the 750. If it is asserted, it may cause improper operation of the bus interface.
The system must also ensure that an assertion of ARTRY by a snooping device must occur
before or coincident with the first assertion of TA to the 750, but not on the cycle after the
first assertion of TA.

Other than the inability to cancel data that was read by the master on the bus cycle after TA
was asserted, the bus protocol for the 750 is identical to that for the basic transfer bus
protocols described in this chapter.

The 750 selects the desired DRTRY mode at startup by sampling the state of the DRTRY
signal itself at the negation of the HRESET signal. If the DRTRY signal is negated at the
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negation of HRESET, normal operation is selected. If the DRTRY signal is asserted at the
negation of HRESET, no-DRTRY mode is selected.

8.6.3 Reduced Pinout Mode
This mode is not supported on the 750.

8.7 Interrupt, Checkstop, and Reset Signals

This section describes external interrupts, checkstop operations, and hard and soft reset
inputs.

8.7.1 External Interrupts

The external interrupt input signals (INT, SMI and MCP) of the 750 eventually force the
processor to take the external interrupt vector or the system management interrupt vector if
the MSR[EE] is set, or the machine check interrupt if the MSR[ME] and the HIDO[EMCP]
bits are set.

8.7.2 Checkstops

A checkstop causes the processor to halt and assert the checkstop output pin
CKSTP_OUT._. Once the 750 enters a checkstop state, only a hard reset can clear the
processor from the checkstop state.

The 750 has two checkstop input signals—CKSTP_IN (nonmaskable) and MCP (enabled
when MSR[ME] is cleared, and HIDO[EMCP] is set), and a checkstop output
(CKSTP_OUT) signal. If CKSTP_IN or MCP is asserted, the 750 halts operations by
gating off all internal clocks. The 750 asserts CKSTP_OUT if CKSTP_IN is asserted.

If CKSTP_OUT is asserted by the 750, it has entered the checkstop state, and processing
has halted internally. The CKSTP_OUT signal can be asserted for various reasons
including receiving a TEA signal and detection of external parity errors. For more
information about checkstop state, see Section 4.5.2.2, “Checkstop State (MSR[ME] = 0).”

Following is the list of checkstop sources:

* Machine Check with MSR(ME)=0. If MSR(ME)=0 when a machine check interrupt
occurs, then the checkstop state is entered. The machine check sources for the 750
are as follows.

— TEA_ assertion on the 60X bus
— Address parity error on the 60X bus
— Data parity error on the 60X bus
— Data parity error on the L2 bus
¢ Machine check input pin (MCP_)
* Checkstop input pin (CKSTP_IN_)
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* DLL rollover (for chip revision 3.0 and later for the 750) (see Table 2-18 on page
2-25)

8.7.3 Reset Inputs
The 750 has two reset inputs, described as follows:
» HRESET (hard reset)—The HRESET signal is used for power-on reset sequences,

or for situations in which the 750 must go through the entire cold start sequence of
internal hardware initializations.

* SRESET (soft reset)—The soft reset input provides warm reset capability. This
input can be used to avoid forcing the 750 to complete the cold start sequence.

When either HRESET is negated or SRESET transitions to asserted, the processor attempts
to fetch code from the system reset exception vector. The vector is located at offset 0x00100
from the exception prefix (all zeros or ones, depending on the setting of the exception prefix
bit in the machine state register (MSR[IP]). The MSR[IP] bit is set for HRESET.

8.7.4 System Quiesce Control Signals

The system quiesce control signals (QREQ and QACK) allow the processor to enter the nap
or sleep low-power states, and bring bus activity to a quiescent state in an orderly fashion.

Prior to entering the nap or sleep power state, the 750 asserts the QREQ signal. This signal
allows the system to terminate or pause any bus activities that are normally snooped. When
the system is ready to enter the system quiesce state, it asserts the QACK signal. At this
time the 750 may enter a quiescent (low power) state. When the 750 is in the quiescent state,
it stops snooping bus activity. While the 750 is in the nap power state, the system power
controller can enable snooping by the 750 by deasserting the QACK signal for at least eight
bus clock cycles, after which the 750 is capable of snooping bus transactions. The
reassertion of QACK following the snoop transactions will cause the 750 to reenter the nap
power state.

8.8 Processor State Signals

This section describes the 750's support for atomic update and memory through the use of
the Iwarx/stwcx. opcode pair, and includes a description of the TLBISYNC input.

8.8.1 Support for the lwarx/stwex. Instruction Pair

The Load Word and Reserve Indexed (Iwarx) and the Store Word Conditional Indexed
(stwcx.) instructions provide a means for atomic memory updating. Memory can be
updated atomically by setting a reservation on the load and checking that the reservation is
still valid before the store is performed. In the 750, the reservations are made on behalf of
aligned, 32-byte sections of the memory address space.

The reservation (RSRV) output signal is driven synchronously with the bus clock and
reflects the status of the reservation coherency bit in the reservation address register; see

Chapter 8. Bus Interface Operation 8-39



Chapter 3, “Instruction and Data Cache Operation,” for more information. For information
about timing, see Section 7.2.9.7.3, “Reservation (RSRV)—Output.”

8.8.2 TLBISYNC Input

The TLBISYNC input allows for the hardware synchronization of changes to MMU tables
when the 750 and another DM A master share the same MMU translation tables in system
memory. It is asserted by a DMA master when it is using shared addresses that could be
changed in the MMU tables by the 750 during the DMA master’s tenure.

The TLBISYNC input, when asserted to the 750, prevents the 750 from completing any
instructions past a tlbsync instruction. Generally, during the execution of an eciwx or
ecowx instruction by the 750, the selected DMA device should assert the 750’s TLBISYNC
signal and maintain it asserted during its DMA tenure if it is using a shared translation
address. Subsequent instructions by the 750 should include a sync and tlbsync instruction
before any MMU table changes are performed. This will prevent the 750 from making table
changes disruptive to the other master during the DMA period.

8.9 IEEE 1149.1a-1993 Compliant Interface

The 750 boundary-scan interface is a fully-compliant implementation of the IEEE
1149.1a-1993 standard. This section describes the 750’s IEEE 1149.1a-1993 (JTAG)
interface.

8.9.1 JTAG/COP Interface
The 750 has extensive on-chip test capability including the following:
*  Debug control/observation (COP)

e Boundary scan (standard IEEE 1149.1a-1993 (JTAG) compliant interface)
* Support for manufacturing test

The COP and boundary scan logic are not used under typical operating conditions. Detailed
discussion of the 750 test functions is beyond the scope of this document; however,
sufficient information has been provided to allow the system designer to disable the test
functions that would impede normal operation.

The JTAG/COP interface is shown in Figure 8-22. For more information, refer to /IEEE
Standard Test Access Port and Boundary Scan Architecture IEEE STD 1149-1a-1993.
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————»t TDI (Test Data Input)

——————»  TMS (Test Mode Select)
——— 1 TCK (Test Clock Input)
~«———— TDO (Test Data Output)

—— 1 TRST (Test Reset)

Figure 8-22. IEEE 1149.1a-1993 Compliant Boundary Scan Interface

8.10 Using Data Bus Write Only

The 750 supports split-transaction pipelined transactions. It supports a limited out-of-order
capability for its own pipelined transactions through the data bus write only (DBWO)
signal. When recognized on the clock of a qualified DBG, the assertion of DBWO directs
the 750 to perform the next pending data write tenure (if any), even if a pending read tenure
would have normally been performed because of address pipelining. The DBWO signal
does not change the order of write tenures with respect to other write tenures from the same
750. It only allows that a write tenure be performed ahead of a pending read tenure from
the same 750.

In general, an address tenure on the bus is followed strictly in order by its associated data
tenure. Transactions pipelined by the 750 complete strictly in order. However, the 750 can
run bus transactions out of order only when the external system allows the 750 to perform
a cache-line-snoop-push-out operation (or other write transaction, if pending in the 750
write queues) between the address and data tenures of a read operation through the use of

"DBWO. This effectively envelopes the write operation within the read operation.
Figure 8-23 shows how the DBWO signal is used to perform an enveloped write
transaction.

I Read Address | IWrite Address |<—
— (1 (2

BG
- L L Enveloped Write
ABB ] 1 [ Transaction
AACK L] LI
y Y
| Write Data | | Read Data I
__ 2 ~ (1)
DBG | LT
DBB T ] 1 [
DBWO T __ [

Figure 8-23. Data Bus Write Only Transaction
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Note that although the 750 can pipeline any write transaction behind the read transaction,
special care should be used when using the enveloped write feature. It is envisioned that
most system implementations will not need this capability; for these applications, DBWO
should remain negated. In systems where this capability is needed, DBWO should be
asserted under the following scenario:

1. The 750 initiates a read transaction (either single-beat or burst) by completing the
read address tenure with no address retry.

2. Then, the 750 initiates a write transaction by completing the write address tenure,
with no address retry.

3. Atthis point, if DBWO is asserted with a qualified data bus grant to the 750, the 750
asserts DBB and drives the write data onto the data bus, out of order with respect to
the address pipeline. The write transaction concludes with the 750 negating DBB.

4. The next qualified data bus grant signals the 750 to complete the outstanding read
transaction by latching the data on the bus. This assertion of DBG should not be
accompanied by an asserted DBWO.

Any number of bus transactions by other bus masters can be attempted between any of these
steps.

Note the following regarding DBWO:

* DBWO can be asserted if no data bus read is pending, but it has no effect on write
ordering.

* The ordering and presence of data bus writes is determined by the writes in the write
queues at the time BG is asserted for the write address (not DBG). If a particular
write is desired (for example, a cache-line-snoop-push-out operation), then BG must
be asserted after that particular write is in the queue and it must be the highest
priority write in the queue at that time. A cache-line-snoop-push-out operation may
be the highest priority write, but more than one may be queued.

* Because more than one write may be in the write queue when DBG is asserted for
the write address, more than one data bus write may be enveloped by a pending data
bus read.

The arbiter must monitor bus operations and coordinate the various masters and slaves with
respect to the use of the data bus when DBWO is used. Individual DBG signals associated
with each bus device should allow the arbiter to synchronize both pipelined and
split-transaction bus organizations. Individual DBG and DBWO signals provide a primitive
form of source-level tagging for the granting of the data bus.

Note that use of the DBWO signal allows some operation-level tagging with respect to the
750 and the use of the data bus.
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Chapter 9 L2 Cache Interface Operation

This chapter describes the PowerPC 750 microprocessor L2 cache interface, and its
configuration and operation. It describes how the 750 signals, defined in Chapter 7, “Signal
Descriptions,” interact to perform address and data transfers to and from the L2 cache. Note
that the PowerPC 740 microprocessor does not implement the L2 cache interface.

9.1 L2 Cache Interface Overview

- The 750’s L2 cache interface is implemented with an on-chip, two-way set associative tag
memory with 4096 tags per way, and a dedicated interface with support for up to 1 Mbyte
of external synchronous SRAM for data storage. The tags are sectored to support either two
cache blocks per tag entry (two sectors, 64 bytes), or four cache blocks per tag entry (four
sectors, 128 bytes) depending on the L2 cache size. If the 1.2 cache is configured for 256
Kbytes or 512 Kbytes of external SRAM, the tags are configured for two sectors per L2
cache block. The L2 tags are configured for four sectors per L2 cache block when 1 Mbyte
of external SRAM is used. Each sector (32-byte L1 cache block) in the L2 cache has its own
valid and modified bits.

The L2 cache control register (L2CR) allows control of the following:

» L2 cache configuration and timing

« Byte-level data parity generation and checking

« global invalidation of L2 contents

» write-through operation

« L2 test support.
The L2 cache interface provides two clock outputs that allow the clock inputs of the
SRAMs to be driven at frequency divisions of 1, 1.5, 2, 2.5, and 3 of the processor core

frequency. The 750’s L2 cache maintains cache coherency through snooping and is
normally configured to operate in copy-back mode.

Figure 9-24 shows the 750 configured with a 1-Mbyte L2 cache.

Chapter 9. L2 Cache Interface Operation 9-1



L2ADDR(16-0] >| ADDR[16-0]
L2DATA[0-63] & < >| DATA[0-31]
L2DP[0-7] lee—0Rt002) < >| PARITY[0-3]
L2CE >E
E  yokx36
2WE : W
Lozz (Optional) olapss  ShAM
1—| ADSP
> 7z
L2CLK_OUTA > K
750 5]
ADDR[16-0]
N———3! DATA0-31]
L2SYNC_OUT N——————3» PARITY[0-3]
P Pe— S|y
> W SRAM
0— ADSC
1— ADSP
. > 77
L2CLK_OUTB (Optional) > K

Notes:

— For a 1-Mbyte L2, use address bits 160 (bit 0 is LSB).

— For a 512-Kbyte L2, use address bits 15-0 (bit 0 is LSB).

— For a 256-Kbyte L2, use address bits 14-0 (bit 0 is LSB).

— External clock routing should ensure that the rising edge of the L2 clock is
coincident at the K input of all SRAMs and at the L2Sync_In input of the 750. The
clock A network can be used solely or the clock B network can also be used
depending on loading, frequency, and number of SRAMs.

— No pull-up resistors are normally required for the L2 interface.

— The 750 supports only one bank of SRAMs.

- For high-speed operation, no more than two loads should be presented on each L2
interface signal.

Figure 9-24. Typical 1-Mbyte L2 Cache Configuration

9.1.1 L2 Cache Operation

The 750’s L2 cache is a combined instruction and data cache that receives memory requests
from both L1 instruction and data caches independently. The L1 requests are generally the
result of instruction fetch misses, data load or store misses, write-through operations, or
cache management instructions. Each L1 request generates an address lookup in the L2
tags. If a hit occurs, the instructions or data are forwarded to the L1 cache. A miss in the L2
tags causes the L1 request to be forwarded to the 60x bus interface. The cache block
received from the bus is forwarded to the L1 cache immediately, and is also loaded into the
L2 cache with the tag marked valid and unmodified. If the cache block loaded into the L2
causes a new tag entry to be allocated and the current tag entry is marked valid modified,
the modified sectors of the tag to be replaced are castout from the L2 cache to the 60x bus.
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At any given time the L1 instruction cache may have one instruction fetch request, and the
L1 data cache may have one load and two stores requesting L2 cache access. The L2 cache
also services snoop requests from the 60x bus. When there are multiple pending requests to
the L2 cache, snoop requests have highest priority, followed by data load and store requests
(serviced on a first-in, first-out basis). Instruction fetch requests have the lowest priority in
accessing the L2 cache when there are multiple accesses pending.

If read requests from both the L1 instruction and data caches are pending, the L2 cache can
perform hit-under-miss and supplies the available instruction or data while a bus transaction
for the previous L2 cache miss is performed. The L2 cache does not support miss-under-
miss, and the second instruction fetch or data load stalls until the bus operation resulting
from the first L2 miss completes.

All requests to the L2 cache that are marked cacheable (even if the respective L1 cache is
disabled or locked) cause tag lookup and will be serviced if the instructions or data are in
the L2 cache. Burst and single-beat read requests from the L1 caches that hit in the 1.2 cache
are forwarded instructions or data, and the L2 LRU bit for that tag is updated. Burst writes
from the L1 data cache due to a castout or replacement copyback are written only to the L2
cache, and the L2 cache sector is marked modified. Designers should note that during burst
transfers into and out of the L2 cache SRAM array, an address is generated by the 750 for
each data beat.

If the L2 cache is configured as write-through, the L2 sector is marked unmodified, and the
write is forwarded to the 60x bus. If the L1 castout requires a new L2 tag entry to be
allocated and the current tag is marked modified, any modified sectors of the tag to be
replaced are cast out of the L2 cache to the 60x bus.

Single-beat read requests from the L1 caches that miss in the L2 cache do not cause any
state changes in the L2 cache and are forwarded on the 60x bus interface. Cacheable single-
beat store requests marked copy-back that hit in the L2 are allowed to update the L2 cache
sector, but do not cause L2 cache sector allocation or deallocation. Cacheable, single-beat
store requests that miss in the L.2 are forwarded to the 60x bus. Single-beat store requests
marked write-through (through address translation or through the configuration of
L2CR[L2WT]) are written to the L2 cache if they hit and are written to the 60x bus
independent of the L2 hit/miss status. If the store hits in the L2 cache, the
modified/unmodified status of the tag remains unchanged. All requests to the L2 cache that
are marked cache-inhibited by address translation (through either the MMU or by default
WIMG configuration) bypass the L2 cache and do not cause any L2 cache tag state change.
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~ The execution of the stwex. instruction results in single-beat writes from the L1 data cache.
These single-beat writes are processed by the L2 cache according to hit/miss status, L1 and
L2 write-through configuration, and reservation-active status. If the address associated with
the stwcex. instruction misses in the L2 cache or if the reservation is no longer active, the
stwcx. instruction bypasses the L2 cache and is forwarded to the 60x bus interface. If the
stwex. hits in the L2 cache and the reservation is still active, one of the following actions
occurs:

o If the stwcx. hits a modified sector in the L2 cache (independent of write-through
status), or if the stwcx. hits both the L1 and L2 caches in copy-back mode, the stwcx.
is written to the L2 and the reservation completes.

e If the stwcx. hits an unmodified sector in the L2 cache, and either the L1 or L2 is in
write-through mode, the stwcx. is forwarded to the 60x bus interface and the sector
hit in the L2 cache is invalidated.

L1 cache-block-push operations generated by the execution of dcbf and dcbst instructions
write through to the 60x bus interface and invalidate the L2 cache sector if they hit. The
execution of decbf and dcbst instructions that do not cause a cache-block-push from the L1
cache are forwarded to the L2 cache to perform a sector invalidation and/or push from the
L2 cache to the 60x bus as required. If the debf and dcbst instructions do not cause a sector
push from the L2 cache, they are forwarded to the 60x bus interface for address-only
broadcast if HIDO[ABE] is set to 1.

The L2 flush mechanism is similar to the L.1 data cache flush mechanism. L.2 flush requires
that the entire L1 data cache be flushed prior to flushing the L2 cache. Also, interrupts must
be disabled during the L2 flush so that the LRU algorithm does not get disturbed. The 1.2
can be flushed by executing uniquely addressed load instructions to each of the 32 byte
blocks of the L2 cache. This requires a load to each of the 2 sets (2-way set associative) of
the 32-byte block (sector) within each 64 or 128-byte line of the L2 cache. The loads must
not hit in the L1 cache in order to effect a flush of the L2 cache.

The dcbi instruction is always forwarded to the L2 cache and causes a segment invalidation
if a hit occurs. The instruction is also forwarded to the 60x bus interface for broadcast if
HIDO[ABE] is set to 1. The icbi instruction invalidates only L1 cache blocks and is never
forwarded to the L2 cache.

Any dcbz instructions marked global do not affect the L2 cache state. If an instruction hits
in the L1 and L2 caches, the L1 data cache block is cleared and the instruction completes.
If an instruction misses in the 1.2 cache, it is forwarded to the 60x bus interface for
broadcast. Any dcbz instructions that are marked nonglobal act only on the L1 data cache
without reference to the state of the L2.

The sync and eieio instructions bypass the 1.2 cache and are forwarded to the 60x bus.
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9.1.2 L2 Cache Control Register (L2CR)

The L2 cache control register is used to configure and enable the L2 cache. The L2CR is a
supervisor-level read/write, implementation-specific register that is accessed as SPR 1017.
The contents of the L2CR are cleared during power-on reset. Table 9-5 describes the L2CR
bits. For additional information about the configuration of the L2CR, refer to Section 2.1.5,
“L2 Cache Control Register (L2CR).”

Table 9-5. L2 Cache Control Register

Bit Name Function

0 L2E L2 enable

1 L2PE L2 data parity generation and checking enable

2-3 L2sI1Z L2 size—Should be set according to the size of the L2 data RAMs used
00 Reserved
01 256 Kbyte
10 512 Kbyte
11 1 Mbyte

4-6 L2CLK L2 clock ratio (core-to-L2 frequency divider)

000 L2 clock and DLL disabled
001 +1

010 +1.5

011 Reserved

100 +2

101 <25

110 =3

111 Reserved

7-8 L2RAM L2 RAM type—Configures the L2 RAM interface for the type of synchronous SRAMs used
00  Flow-through (register-buffer) synchronous burst SRAM
01  Reserved
10  Pipelined (register-register) synchronous burst SRAM
11 Pipelined (register-register) synchronous late-write SRAM

9 L2DO L2 data-only. Setting this bit disables the caching of instructions in the L2 cache.

10 L2l L2 global invalidate. Setting L2t invalidates the L2 cache globally by clearing the L2 status
bits.

11 L2CTL L2 RAM control (ZZ enable). Setting L2CTL enables the automatic operation of the L2Z2Z
(low-power mode) signal for cache RAMs that support the ZZ function. This bit should not
be set when the 750 is in nap mode and snooping is being performed through deassertion
of QACK.

12 L2WT L2 write;through. Setting L2WT selects write-through mode (rather than the default copy-
back mode) so all writes to the L2 cache also write through to the 60x bus.

13 L2TS L2 test support. Setting L2TS causes cache block pushes from the L1 data cache that
result from debf and debst instructions to be written only into the L2 cache and marked
valid, rather than being written only to the 60x bus and marked invalid in the L2 cache in
case of hit. If L2TS is set, causes single-beat store operations that miss inthe L2 cache to
be discarded. :
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Table 9-5. L2 Cache Control Register (Continued)

Bit Name Function

14-15 L20OH L2 output hold. These bits configure the output hold time of the address, data, and control
signals driven by the 750 to the L2 data RAMs.
00 05nS
01 1.0nS
10  Reserved
11 Reserved

16 L2SL L2 DLL slow. Setting L2SL enables L2 data RAM clocking at frequencies less than
100 MHz.

17 L2DF L2 differential clock. Setting L2DF configures the two clock-out signals (L2CLK_OUTA and
L2CLK_OUTB) of the L2 interface to operate as one differential clock.

18 L2BYP L2 DLL bypass. L2BYP is intended for use when the PLL is being bypassed, and for
engineering evaluation.

19-21 —_ Reserved. These bits are implemented but not used; keep at O for future compatibility.

22 L2CS L2 Clock Stop (for chip revisions 3.0 and later).

23 L2DRO L2 DLL Rollover Checkstop Enable (for chip revisions 3.0 and later).

24-30 L2CTR L2 DLL counter value (read only).

31 L21P L2 global invalidate in progress (read only)—This read-only bit indicates whether an L2

global invalidate is occurring.

9.1.3 L2 Cache Initialization

Following a power-on or hard reset, the L2 cache and the L2 DLL are disabled initially.
Before enabling the L2 cache, the L2 DLL must first be configured through the L2CR
register, and the DLL must be allowed 640 L2 clock periods to achieve phase lock. Before
enabling the L2 cache, other configuration parameters must be set in the L2CR, and the L2
tags must be globally invalidated. The L2 cache should be initialized during system start-

up.

The sequence for initializing the L2 cache is as follows:

o

Power-on reset (automatically performed by the assertion of HRESET signal).
Disable interrupts and Dynamic Power Management (DPM).
Disable L2 cache by clearing L2 CR[L2E].

Set the L2ZCR[L2CLK] bits to the desired clock divider setting. Setting a nonzero
value automatically enables the DLL. All other L2 cache configuration bits should
be set to properly configure the 1.2 cache interface for the SRAM type, size, and
interface timing required.

Wait for the L2 DLL to achieve phase lock. This can be timed by setting the
decrementer for a time period equal to 640 L2 clocks, or by performing an L2 global
invalidate.
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6. Perform an L2 global invalidate. The global invalidate could be performed before
enabling the DLL, or in parallel with waiting for the DLL to stabilize. Refer to
Section 9.1.4, “L2 Cache Global Invalidation,” for more information about L2 cache
global invalidation. Note that a global invalidate always takes much longer than it
takes for the DLL to stabilize.

7. After the DLL stabilizes, an L2 global invalidate has been performed, and the other
L2 configuration bits have been set, enable the L2 cache for normal operation by
setting the L2CR[L2E] bit to 1.

9.1.4 L2 Cache Global invalidation

The L2 cache supports a global invalidation function in which all bits of the L2 tags (tag
data bits, tag status bits, and LRU bit) are cleared. It is performed by an on-chip hardware
state machine that sequentially cycles through the L2 tags. The global invalidation function
is controlled through L2CR[L2I], and it must be performed only while the L2 cache is
disabled. The 750 can continue operation during a global invalidation provided the L2
cache has been properly disabled before the global invalidation operation starts.

The sequence for performing a global invalidation of the L2 cache is as follows:

1. Execute a sync instruction to finish any pending store operations in the load/store
unit, disable the L2 cache by clearing L2CR[L2E], and execute an additional sync
instruction after disabling the L2 cache to ensure that any pending operations in the
L2 cache unit have completed.

2. Initiate the global invalidation operation by setting the L2CR[L2I] bit to 1.

3. Monitor the L2CR[L2IP] bit to determine when the global invalidation operation is
completed (indicated by the clearing of L2CR[L2IP]). The global invalidation
requires approximately 32K core clock cycles to complete.

4. After detecting the clearing of L2ZCR[L2IP], clear L2ZCR[L2I] and re-enable the L2
cache for normal operation by setting L2ZCR[L2E].

9.1.5 L2 Cache Test Features and Methods

In the course of system power-up, testing may be required to verify the proper operation of
the L2 tag memory, external SRAM, and overall L2 cache system. The following sections
describe the 750’s features and methods for testing the L2 cache. The L2 cache address
space should be marked as guarded (G = 1) so spurious load operations are not forwarded
to the 60x bus interface before branch resolution during L2 cache testing.

9.1.5.1 L2CR Support for L2 Cache Testing

L2CR[DO] and L2CR[TS] support the testing of the L2 cache. L2CR{DO] prevents
instructions from being cached in the L2. This allows the L1 instruction cache to remain
enabled during the testing process without having L1 instruction misses affect the contents
of the L2 cache and allows all L2 cache activity to be controlled by program-specified load
and store operations.
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L2CR[TS] is used with the dcbf and dcbst instructions to push data into the L2 cache.
When L2CR[TS] is set, and the L1 data cache is enabled, an instruction loop containing a
dcbf instruction can be used to store any address or data pattern to the L2 cache.
Additionally, 60x bus broadcasting is inhibited when a dcbz instruction is executed. This
allows the use of a dcbz instruction to clear an L1 cache block, followed by a dcbf
instruction to push the cache block into the L2 cache and invalidate the L1 cache block.

When the L2 cache is enabled, cacheable single-beat read operations are allowed to hit in
the 1.2 cache and cacheable write operations are allowed to modify the contents of the L2
cache when a hit occurs. Cacheable single-beat read and writes occur when address
translation is disabled (invoking the use of the default WIMG bits (0b0011)), or when
address translation is enabled and accesses are marked as cacheable through the page table
entries or the BATs, and the L1 data cache is disabled or locked. When the L2 cache has
been initialized and the L1 cache has been disabled or locked, load or store instructions then
bypass the L1 cache and hit in the L2 cache directly. When L2CR[TS] is set, cacheable
single-beat writes are inhibited from accessing the 60x bus interface after an 1.2 cache miss.

During L2 cache testing, the performance monitor can be used to count L2 cache hits and
misses, thereby providing a numerical signature for test routines and a way to verify proper
L2 cache operation.

9.1.5.2 L2 Cache Testing

A typical test for verifying the proper operation of the 750’s L2 cache memory (external
SRAM and tag) would perform the following steps:

1. Initialize the L2 test sequence by disabling address translation to invoke the default
WIMG setting (0b0011). Set L2ZCR[DO] and L2CR[TS] and perform a global
invalidation of the L1 data cache and the L.2 cache. The L1 instruction cache can
remain enabled to improve execution efficiency.

2. Test the L2 cache external SRAM by enabling the L1 data cache and executing a
sequence of dcbz, stw, and dcbf instructions to initialize the L2 cache with a desired
range of consecutive addresses and with cache data consisting of zeros. Once the L2
cache holds a sequential range of addresses, disable the L1 data cache and execute
a series of single-beat load and store operations employing a variety of bit patterns
to test for stuck bits and pattern sensitivities in the L2 cache SRAM. The
performance monitor can be used to verify whether the number of L2 cache hits or
misses corresponds to the tests performed.

3. Test the L2 cache tag memory by enabling the L1 data cache and executing a
sequence of dcbz, stw, and debf instructions to initialize the L2 cache with a wide
range of addresses and cache data. Once the L2 cache is populated with a known
range of addresses and data, disable the L.1 data cache and execute a series of store
operations to addresses not previously in the L2 cache. These store operations
should miss in every case. Note that setting the L2ZCR[TS] inhibits L2 cache misses
from being forwarded to the 60x bus interface, thereby avoiding the potential for bus
errors due to addressing hardware or nonexistent memory. The L2 cache then can be
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further verified by reading the previously loaded addresses and observing whether
all the tags hit, and that the associated data compares correctly. The performance
monitor can also be used to verify whether the proper number of L2 cache hits and
misses correspond to the test operations performed.

4. The entire L2 cache can be tested by clearing L2CR[DO] and L2CR[TS], restoring
the L1 and L2 caches to their normal operational state, and executing a
comprehensive test program designed to exercise all the caches. The test program
should include operations that cause L2 hit, reload, and castout activity that can be
subsequently verified through the performance monitor.

9.1.6 L2 Clock Configuration

The 750 provides a programmable clock for the L2 external synchronous data RAM. The
clock frequency for the external SRAM is provided by dividing the 750’s internal clock by
ratios of 1, 1.5, 2, 2.5, or 3, programmed through the L2CR[CLK] bits. The L2 clock is
phase-adjusted to synchronize the clocking of the latches in the 750’s L2 cache interface
with the clocking of the external SRAM by means of an on-chip delay-locked loop (DLL).

The ratio selected for the L2 clock is dependent on the frequency supported by the external
SRAMs, the 750’s internal frequency of operation, and the range of phase adjustment
supported by the L2 DLL. Refer to the 750 hardware specifications for additional
information about L2 clock configuration.

9.1.7 L2 Cache SRAM Timing Examples

This section describes the signal timing for the three types of SRAM (flow-through burst
SRAM, pipelined burst SRAM, and late-write SRAM) supported by the 750°s L2 cache
interface. The timing diagrams illustrate the best case logical (ideal, non AC-timing
accurate) interface operations. For proper interface operation, the designer must select
SRAMs that support the signal sequencing illustrated in the timing diagrams. Designers
should also note that during burst transfers into and out of the L2 cache SRAM array, an
address is generated by the 750 for each data beat.

The SRAM selected for a system design is usually a function of desired system
performance, L2 bus frequency, and SRAM unit cost. The following sections describe the
operation of the three SRAM types supported by the 750, and the design trade-offs
associated with each.

9.1.7.1 Flow-Through Burst SRAM

Flow-through burst SRAMs operate by clocking in the address, and driving the data
directly to the bus from the SRAM memory array. This behavior allows the flow-through
burst SRAMs to provide initial read data one cycle sooner than pipelined burst SRAMs, but
the flow-through burst SRAM frequencies available may only support the slowest L2 bus
frequencies. The 750 supports flow-through burst SRAM at L2 clock ratios of 2,2.5,and 3.
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Figure 9-25 shows a burst read-write-read memory access sequence when the 1.2 cache
interface is configured with flow-through burst SRAM.

L2WE I T T T T T
! burst rd =§I!l§m= burst rd |
SRAMAddress mmmm mmmmmm

] ! i

SRAMMemoryl . CROXRTX REXEE XA . (WEX WX WE W7 X F8 X REXBIOXE X R
] [} I | |
SRAMData (A5 Y AT FE X RE X R T2 \WAX WE X Wo X W7 Y FiZ X RE X RO XETOX BT Y o)

Note:
R, indicates where an extra read cycle is signaled to keep the burst RAM driving the
data bus for the last read.

Figure 9-25. Burst Read-Write-Read L2 Cache Access (Flow-Through)

Figure 9-26 shows a burst read-modify-write memory access sequence when the L2 cache
interface is configured with flow-through burst SRAM.

L2CE

L2WE

SRAMAddress —( RO X RTXR2 X R3 X R4 X R5 X R6 X R7 X B8 XRy) (WO XWIXWTTXWIZ)
| | | | | | | | ! | 1 I | | ] | | 1
shattenory —— XA X AR DD —— I IDEDERED
SRAMData  ———(R0 X RTXR2 X R3 X R4 X R5 X R6 X R7 X R8 X Ry Nz X WO XWIOXWITXWI2XWT3)—!

Note:
R, indicates where an extra read cycle is signaled to keep the burst RAM driving the
data bus for the last read.

Figure 9-26. Burst Read-Modify-Write L2 Cache Access (Flow-Through)
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Figure 9-27 shows a burst read-write-write memory access sequence when the L2 cache
interface is configured with flow-through burst SRAM.

L2CE

L2WE

SRAMAddress

(Rar) (W9 XWIOXWITXWT2)
| I | ] | | | 1 1 ! | | ! | I ] ]
sratienory ——(0)——ADGEXAXID G- XD AEOEDED

SRAMData ———R0Y iz XRT X R2 XR3 X Rt X By WiZ YW5 .

Note:
R,y indicates where an extra read cycle is signaled to keep the burst RAM driving the
data bus for the last read.

Figure 9-27. Burst Read-Write-Write L2 Cache Access (Flow-Through)

9.1.7.2 Pipelined Burst SRAM

Pipelined burst SRAMs operate at higher frequencies than flow-through burst SRAMs by
clocking the read data from the memory array into a buffer before driving the data onto the
data bus. This causes initial read accesses by the pipelined burst SRAM:s to occur one cycle
later than flow-through burst SRAMs, but the L2 bus frequencies supported can be higher.
Note that the 750’s L2 cache interface requires the use of single-cycle deselect pipelined
burst SRAM for proper operation.

Figure 9-28 shows a burst read-write-read memory access sequence when the L2 cache
interface is configured with pipelined burst SRAM.

L2CE
L2WE

SRAMAddress

| I I | | | | | | | | | | | | I
Aty ——EDEDEDEDE—— I ADEOENE-

SRAMData

Notes:
Rgrv indicates where some burst RAMs may begin driving the data bus. -
Ry indicates where an extra read cycle is signaled to keep the burst RAM driving the
data bus for the last read.

Figure 9-28. Burst Read-Write-Read L2 Cache Access (Pipelined)
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Figure 9-29 shows a burst read-modify-write memory access sequence when the L2 cache
interface is configured with pipelined burst SRAM.

SRAMCIk
L2CE
L2WE

SRAMAddress
| | | | | | | 1 1 | | ] | | | | ! | |
SRAMMemory ——— R0 X R X R2 X B3 X R4 X RS X R6 X R7 X R8 X Ry, )— | (WO XWIOXW1TXW12XW13)
SRAMData ———(Rax X ROX RTX B2 X A3 X A X5 X R6 X BT X REY hiz X Wo XWiOXWiTXWi2XWig—

Notes:
Ry indicates where some burst RAMs may begin driving the data bus.
R, indicates where an extra read cycle is signaled to keep the burst RAM driving the
data bus for the last read.

Figure 9-29. Burst Read-Modify-Write L2 Cache Access (Pipelined)

Figure 9-30 shows a burst read-write-write memory access sequence when the L2 cache
interface is configured with pipelined burst SRAM.

/N

|
|
1 |
!

o I 1 T : \ 1 | | | /—:_
,aborted rd | burst rd | burst wr: burst wr |
SRAMAddress —(R0) (R1 X R2 X R3 X R4 XRyy) (W5 X W X W7 X W8 X W XWIGXWTTXW12)

SRAMMemory. +——+—(RE)——( R X REX RS X B Ra)————(WEXWEX WY TEX WX D T2 —
| ] i I | [
SRAMData (R W7 X)X AT X P X BEXCRAY Wz (WE X W X W7 X(WB X W X0 WWrD)—

Notes:
Rgry indicates where some burst RAMs may begin driving the data bus.
R,y indicates where an extra read cycle is signaled to keep the burst RAM driving the
data bus for the last read.

Figure 9-30. Burst Read-Write-Write L2 Cache Access (Pipelined)

9.1.7.3 Late-Write SRAM

Late-write SRAMs offer improved performance when compared to pipelined burst SRAMs
by not requiring an extra read cycle during read operations, and requiring one cycle less
when transitioning from a read to write operation. Late-write SRAMs implement an
internal write queue, allowing write data to be provided one cycle after the write operation
is signaled on the address and control buses. In this way write operations are queued on the
address and data bus in the same way as read operations, allowing transitions between read
and write operations to occur more efficiently.
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Figure 9-31 shows a burst read-write-read memory access sequence when the L2 cache
interface is configured with late-write SRAM.

SRAMData | ———(ROXRTXR2 X R3)Y hiZ hiZ \(R8 X A9 XR1OXRIT~—

Note:
WQ is the last previous write that was queued in the late-write RAM.

Figure 9-31. Burst Read-Write-Read L2 Cache Access (Late-Write SRAM)

Figure 9-32 shows a burst read-modify-write memory access sequence when the L2 cache
interface is configured with late-write SRAM. :

SRAMCK [ [ LML LML e

L2CE

L2WE

SRAMAddress

(RL)
{ i | { I | | | ] I 1 I | | | i ]
SRAMMemory (0 X BT X R2 X B X RO X EE Y REX R RE)——— (WX W@ WD)
[l |

SRAMData  L—— (R0 Y RT X Rz X B3 X B4 X A5 X /6 X R7 X R Y iz X Wo XWIOXWTTXWiXWig—

Note:
WQ is the last previous write that was queued in the late-write RAM.

Figure 9-32. Burst Read-Modify-Write L2 Cache Access (Late-Write SRAM)
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Figure 9-33 shows a burst read-write-write memory access sequence when the L2 cache
interface is configured with late-write SRAM.

| 1 | | | | | | |
SRAMMemory (RO )—— RTXR2 X R3 X R4) | (W5 X W6 X W7 X W8 X W9 XW10XW11XW12)
1 1 I |

Note:
WQ is the last previous write that was queued in the late-write RAM.

Figure 9-33. Burst Read-Write-Write L2 Cache Access (Late-Write SRAM)
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Chapter 10
Power and Thermal Management

The PowerPC 750 microprocessor is specifically designed for low-power operation. It
provides both automatic and program-controlled power reduction modes for progressive
reduction of power consumption. It also provides a thermal assist unit (TAU) to allow on-
chip thermal measurement, allowing sophisticated thermal management for high-
performance portable systems. This chapter describes the hardware support provided by the
750 for power and thermal management.

10.1 Dynamic Power Management

Dynamic power management (DPM) automatically powers up and down the individual
execution units of the 750, based upon the contents of the instruction stream. For example,
if no floating-point instructions are being executed, the floating-point unit is automatically
powered down. Power is not actually removed from the execution unit; instead, each
execution unit has an independent clock input, which is automatically controlled on a
clock-by-clock basis. Since CMOS circuits consume negligible power when they are not
switching, stopping the clock to an execution unit effectively eliminates its power
consumption. The operation of DPM is completely transparent to software or any external
hardware. Dynamic power management is enabled by setting HIDO[DPM] to 1.

10.2 Programmable Power Modes

The 750 provides four programmable power states—full power, doze, nap, and sleep.
Software selects these modes by setting one (and only one) of the three power saving mode
bits in the HIDO register. Hardware can enable a power management state through external
asynchronous interrupts. Such a hardware interrupt causes the transfer of program flow to
interrupt handler code that then invokes the appropriate power saving mode. The 750
provides a separate interrupt and interrupt vector for power management—the system
management interrupt (SMI). The 750 also contains a decrementer which allows it to enter
the nap or doze mode for a predetermined amount of time and then return to full power
operation through a decrementer interrupt. Note that the 750 cannot switch from one power
management mode to another without first returning to full-power mode. The sleep mode
disables bus snooping; therefore, a hardware handshake is provided to ensure coherency
before the 750 enters this power management mode. Table 10-1 summarizes the four power
states.
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Table 10-1. PowerPC 750 Microprocessor Programmable Power Modes

PM Mode Functioning Units Activation Method Full-Power Wake Up Method
Full power All units active — —
Full power Requested logic by By instruction dispatch —
(with DPM) demand
Doze * Bus snooping Controlled by SW External asynchronous exceptions*
* Data cache as needed Decrementer interrupt
* Decrementer timer Performance monitor interrupt

Thermal management interrupt
Hard or soft reset

Nap * Bus snooping Controlled by hardware External asynchronous exceptions*
— enabled by deassertion | and software Decrementer interrupt
of QACK Hard or soft reset
* Decrementer timer
Sleep None Controlled by hardware External asynchronous exceptions*
and software Hard or soft reset

Note: * Exceptions are referred to as interrupts in the architecture specification.

10.2.1 Power Management Modes

The following sections describe the characteristics of the 750’s power management modes,
the requirements for entering and exiting the various modes, and the system capabilities
provided by the 750 while the power management modes are active.

10.2.1.1 Full-Power Mode with DPM Disabled
Full-power mode with DPM disabled is selected when the DPM enable bit (bit 11) in HIDO
is cleared.

* Default state following power-up and HRESET

» All functional units are operating at full processor speed at all times.

10.2.1.2 Full-Power Mode with DPM Enabled
Full-power mode with DPM enabled (HIDO[DPM] = 1) provides on-chip power
management without affecting the functionality or performance of the 750.

¢ Required functional units are operating at full processor speed.

* Functional units are clocked only when needed.

* No software or hardware intervention is required after mode is set.

* Software/hardware and pérformance transparent

10.2.1.3 Doze Mode

Doze mode disables most functional units but maintains cache coherency by enabling the
bus interface unit and snooping. A snoop hit causes the 750 to enable the data cache, copy
the data back to memory, disable the cache, and fully return to the doze state.
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* Most functional units disabled
* Bus snooping and time base/decrementer still enabled
* Doze mode sequence

— Set doze bit (HIDO[8] = 1), clear nap and sleep bits (HIDO[9] and HIDO[10] = 0)
— The 750 enters doze mode after several processor clocks

* Several methods of returning to full-power mode

— Assert INT, SMI, MCP, decrementer, performance monitor, machine check, or
thermal management interrupts

— Assert hard reset or soft reset

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

10.2.1.4 Nap Mode

The nap mode disables the 750 but still maintains the phase-locked loop (PLL), delay
locked loop (DLL), L2CLK_OUTA and L2CLK_OUTB output signals, and the time base/
decrementer. The time base can be used to restore the 750 to full-power state after a
programmed amount of time. To maintain data coherency, bus snooping is disabled for nap
and sleep modes through a hardware handshake sequence using the quiesce request
(QREQ) and quiesce acknowledge (QACK) signals. The 750 asserts the QREQ signal to
indicate that it is ready to disable bus snooping. When the system has ensured that snooping
is no longer necessary, it will assert QACK and the 750 will enter the nap mode. If the
system determines that a bus snoop cycle is required, QACK is deasserted to the 750 for at
least eight bus clock cycles, and the 750 will then be able respond to a snoop cycle.
Assertion of QACK following the snoop cycle will again disable the 750’s snoop capability.
The 750’s power dissipation while in nap mode with QACK deasserted is the same as the
power dissipation while in doze mode.

The 750 (2.0 and later) also allows dynamic switching between nap and doze modes to
allow the use of nap mode without sacrificing hardware snoop coherency. For this
operation, negating QACK at any time for at least 8 bus cycles guarantees that the 750 has
transitioned from nap mode to doze mode in order to snoop. Reasserting QACK then allows
the 750 to return to nap mode. This sequencing could be used by the system at any time
with knowledge of what power management mode, if any, that the 750 is currently in.

Note that when in nap mode the DLL should be kept locked to enable a quick recovery to
full-power mode without having to wait for the DLL to re-lock. Additionally, an L27Z7Z
signal is provided by the 750’s L2 cache interface to drive external SRAM into a low power
mode when the nap or sleep modes are invoked. The L2ZZ signal is enabled by setting the
L2CR[CTL] bit to 1. Note that if bus snooping is to be performed through deassertion of
the QACK signal, the L2ZCR[CTL] bit should always be cleared to 0.

e Time base/decrementer still enabled
e Thermal management unit enabled
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* Most functional units disabled
* All nonessential input receivers disabled
* Nap mode sequence
— Set nap bit (HIDO[9] = 1), clear doze and sleep bits (HIDO[8] and HIDO[10] = 0)
— The 750 asserts quiesce request (QREQ) signal
— System asserts quiesce acknowledge (QACK) signal
— The 750 enters sleep mode after several processor clocks
* Nap mode bus snoop sequence
-— System deasserts QACK signal for eight or more bus clock cycles
— The 750 snoops address tenure(s) on bus
— System asserts QACK signal to restore full nap mode
* Several methods of returning to full-power mode
— Assert INT, SMI, MCP, machine check, or decrementer interrupts
— Assert hard reset or soft reset

* Transition to full-power takes no more than a few processor cycles
* PLL and DLL running and locked to SYSCLK.

10.2.1.5 Sleep Mode

Sleep mode consumes the least amount of power of the four modes since all functional units
are disabled. To conserve the maximum amount of power, the PLL may be disabled by
placing the PLL_CFG signals in the PLL bypass mode, and disabling SYSCLK. Note that
forcing the SYSCLK signal into a static state does not disable the 750’s PLL, which will
continue to operate internally at an undefined frequency unless placed in PLL bypass mode.
Additionally, if the PLL is not disabled, the L2 cache interface DLL will remain locked and
the L2CLK_OUTA and L2CLK_OUTB signals will remain active. The DLL is disabled by
clearing the L2CR[L2E] bit to 0.

Due to the fully static design of the 750, internal processor state is preserved when no
internal clock is present. Because the time base and decrementer are disabled while the 750
is in sleep mode, the 750’s time base contents will have to be updated from an external time
base after exiting sleep mode if maintaining an accurate time-of-day is required. Before
entering the sleep mode, the 750 asserts the QREQ signal to indicate that it is ready to
disable bus snooping. When the system has ensured that snooping is no longer necessary,
it asserts QACK and the 750 will enter sleep mode.

* All functional units disabled (including bus snooping and time base)
* All nonessential input receivers disabled

— Internal clock regenerators disabled

— PLL and DLL still running (see below)
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* Sleep mode sequence
— Set sleep bit (HIDOQ[10] = 1), clear doze and nap bits (HIDO[8] and HIDO[9])
— The 750 asserts quiesce request (QREQ)
— System asserts quiesce acknowledge (QACK)
— The 750 enters sleep mode after several processor clocks
* Several methods of returning to full-power mode
— Assert INT, SMI, or MCP interrupts
— Assert hard reset or soft reset
¢ PLL and DLL may be disabled and SYSCLK may be removed while in sleep mode
* Return to full-power mode after PLL and SYSCLK are disabled in sleep mode
— Enable SYSCLK
— Reconfigure PLL into desired processor clock mode
— System logic waits for PLL startup and relock time (100 sec)
— System logic asserts one of the sleep recovery signals (for example, INT or SMI)

— Reconfigure DLL, wait for DLL relock (640 L2 clock cycles) and re-enable L2
cache through the L2CR

10.2.2 Power Management Software Considerations

Since the 750 is a dual-issue processor with out-of-order execution capability, care must be
taken in how the power management mode is entered. Furthermore, nap and sleep modes
require all outstanding bus operations to be completed before these power management
modes are entered. Normally, during system configuration time, one of the power
management modes would be selected by setting the appropriate HIDO mode bit. Later on,
the power management mode is invoked by setting the MSR[POW] bit. To ensure a clean
transition into and out of a power management mode, set the MSR[EE] bit to 1 and execute
the following code sequence:

sync
mtmsr[POW = 1]
isync

continue
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10.3 Thermal Assist Unit

With the increasing power dissipation of high-performance processors and operating
conditions that span a wider range of temperatures than desktop systems, thermal
management becomes an essential part of system design to ensure reliable operation of
portable systems. One key aspect of thermal management is ensuring that the junction
temperature of the microprocessor does not exceed the operating specification. While the
case temperature can be measured with an external thermal sensor, the thermal constant
from the junction to the case can be large, and accuracy can be a problem. This may lead to
lower overall system performance due to the necessary compensation to alleviate
measurement deficiencies.

The 750 provides the system designer an efficient means of monitoring junction
temperature through the incorporation of an on-chip thermal sensor and programmable
control logic to enable a thermal management implementation tightly coupled to the
processor for improved performance and reliability.

10.3.1 Thermal Assist Unit Overview

The on-chip thermal assist unit (TAU) is composed of a thermal sensor, a digital-to-analog
converter (DAC), a comparator, control logic, and three dedicated SPRs. See Figure 10-1
for a block diagram of the TAU.

Thermal Sensor

Interrupt Control » Thermal Interrupt
Request

\ (0x1700)

DAC

/

Thermal Sensor
Control Logic

|

\

THRM3

Figure 10-1. Thermal Assist Unit Block Diagram

The TAU provides thermal control by periodically comparing the 750’s junction
temperature against user-programmed thresholds, and generating a thermal management
interrupt if the threshold values are crossed. The TAU also enables the user to determine the
junction temperature through a software successive approximation routine.
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The TAU is controlled through three supervisor-level SPRs, accessed through the mtspr/
mfspr instructions. Two of the SPRs (THRM1 and THRM?2) provide temperature threshold
values that can be compared to the junction temperature value, and control bits that enable
comparison and thermal interrupt generation. The third SPR (THRM3) provides a TAU
enable bit and a sample interval timer. Note that all the bits in THRM1, THRM2, and
THRM3 are cleared to O during a hard reset, and the TAU remains idle and in a low-power
state until configured and enabled.

The bit fields in the THRM1 and THRM?2 SPRs are described in Table 10-2.
Table 10-2. THRM1 and THRM2 Bit Field Settings

Bits Field Description

0 TIN Thermal management interrupt bit. Read only. This bit is set if the thermal sensor output
crosses the threshold specified in the SPR. The state of this bit is valid only if TIV is set. The
interpretation of the TIN bit is controlled by the TID bit.

1 TiV Thermal management interrupt valid. Read only. This bit is set by the thermal assist logic to
indicate that the thermal management interrupt (TIN) state is valid.

2-8 Threshold | Threshold value that the output of the thermal sensor is compared to. The threshold range is
between 0 and 127 C, and each bit represents 1 C. Note that this is not the resolution of the
thermal sensor.

9-28 | — Reserved. System software should clear these bits to 0.

29 TID Thermal management interrupt direction bit. Selects the result of the temperature
comparison to set TIN. If TID is cleared to 0, TIN is set and an interrupt occurs if the junction
temperature exceeds the threshold. If TID is set to 1, TIN is set and an interrupt is indicated
if the junction temperature is below the threshold.

30 TIE Thermal management interrupt enable. Enables assertion of the thermal management
interrupt signal. The thermal management interrupt is maskable by the MSR[EE] bit. If TIE is
cleared to 0 and THRMn is valid, the TIN bit records the status of the junction temperature
vs. threshold comparison without asserting an interrupt signal. This feature allows system
software to make a successive approximation to estimate the junction temperature.

31 \ SPR valid bit. This bit is set to indicate that the SPR contains a valid threshold, TID, and TIE
controls bits. Setting THRM1/2[V] and THRM3[E] to 1 enables operation of the thermal
Sensor.

The bit fields in the THRM3 SPR are described in Table 10-3.
Table 10-3. THRMS3 Bit Field Settings

Bits Name Description
0-17 — Reserved for future use. System software should clear these bits to 0.
18-30 | SITV Sample interval timer value. Number of elapsed processor clock cycles before a junction

temperature vs. threshold comparison result is sampled for TIN bit setting and interrupt
generation. This is necessary due to the thermal sensor, DAC, and the analog comparator
settling time being greater than the processor cycle time. The value should be configured to
allow a sampling interval of 20 microseconds.

31 E Enables the thermal sensor compare operation if either THRM1[V] or THRM2[V] is set to 1.
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10.3.2 Thermal Assist Unit Operation

The TAU can be programmed to operate in single or dual threshold modes, which results in
the TAU generating a thermal management interrupt when one or both threshold values are
crossed. In addition, with the appropriate software routine, the TAU can also directly
determine the junction temperature. The following sections describe the configuration of
the TAU to support these modes of operation.

10.3.2.1 TAU Single Threshold Mode

When the TAU is configured for single threshold mode, either THRM1 or THRM2 can be
used to contain the threshold value, and a thermal management interrupt is generated when
the threshold value is crossed. To configure the TAU for single threshold operation, set the
desired temperature threshold, TID, TIE, and V bits for either THRM1 or THRM2. The
unused THRMn threshold SPR should be disabled by clearing the V bit to 0. In this
discussion THRMn refers to the THRM threshold SPR (THRM1 or THRM2) selected to
contain the active threshold value.

After setting the desired operational parameters, the TAU is enabled by setting the
THRM3|[E] bit to 1, and placing a value allowing a sample interval of 20 microseconds or
greater in the THRM3[SITV] field. The THRM3[SITV] setting determines the number of
processor clock cycles between input to the DAC and sampling of the comparator output;
accordingly, the use of a value smaller than recommended in the THRM3[SITV] field can
cause inaccuracies in the sensed temperature.

If the junction temperature does not cross the programmed threshold, the THRM#n[TIN] bit
is cleared to O to indicate that no interrupt is required, and the THRMn[TIV] bit is set to 1
to indicate that the TIN bit state is valid. If the threshold value has been crossed, the
THRMn[TIN] and THRM=n[TIV] bits are set to 1, and a thermal management interrupt is
generated if both the THRMn[TIE] and MSR[EE] bits are set to 1.

A thermal management interrupt is held asserted internally until recognized by the 750s
interrupt unit. Once a thermal management interrupt is recognized, further temperature
sampling is suspended, and the THRM#[TIN] and THRM#[TIV] values are held until an
mtspr instruction is executed to THRMn.

The execution of an mtspr instruction to THRMn anytime during TAU operation will clear
the THRMn[TIV] bit to 0 and restart the temperature comparison. Executing an mtspr
instruction to THRM3 will clear both THRM1[TIV] and THRM2[TIV] bits to 0, and restart
temperature comparison in THRMz if the THRM3[E] bit is set to 1.

Examples of valid THRM1 and THRM2 bit settings are shown in Table 10-4.
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Table 10-4. Valid THRM1 and THRM2 Bit Settings

TIN' | T7v' | TID | TIE v Description
X X X X 0 The threshold in the SPR will not be used for comparison.
X X X 0 1 Threshold is used for comparison, thermal management interrupt

assertion is disabled.

X X ] 0 1 Set TIN and do not assert thermal management interrupt if the
junction temperature exceeds the threshold.

X X 0 1 1 Set TIN and assert thermal management interrupt if the junction
temperature exceeds the threshold.

X X 1 0 1 Set TIN and do not assert thermal management interrupt if the
junction temperature is less than the threshold.

X X 1 1 1 Set TIN and assert thermal management interrupt if the junction
temperature is less than the threshold.

X 0 X X 1 The state of the TIN bit is not valid.

0 1 0 X 1 The junction temperature is less than the threshold and as a result
the thermal management interrupt is not generated for TIE = 1.

1 1 0 X 1 The junction temperature is greater than the threshold and as a
result the thermal management interrupt is generated if TIE = 1.

0 1 1 X 1 The junction temperature is greater than the threshold and as a
result the thermal management interrupt is not generated for TIE = 1.

1 1 1 X 1 The junction temperature is less than the threshold and as a result
the thermal management interrupt is generated if TIE = 1.

Note: 'The TIN and TIV bits are read-only status bits.

10.3.2.2 TAU Dual-Threshold Mode

The configuration and operation of the TAU’s dual-threshold mode is similar to single
threshold mode, except both THRM1 and THRM2 are configured with desired threshold
and TID values, and the TIE and V bits are set to 1. When the THRM3[E] bit is set to 1 to
enable temperature measurement and comparison, the first comparison is made with
THRML. If no thermal management interrupt results from the comparison, the number of
processor cycles specified in THRM3[SITV] elapses, and the next comparison is made with
THRM?2. If no thermal management interrupt results from the THRM?2 comparison, the
time specified by THRM3[SITV] again elapses, and the comparison returns to THRM1.

This sequence of comparisons continues until a thermal management interrupt occurs, or
the TAU is disabled. When a comparison results in an interrupt, the comparison with the
threshold SPR causing the interrupt is halted, but comparisons continue with the other
threshold SPR. Following a thermal management interrupt, the interrupt service routine
must read both THRM1 and THRM2 to determine which threshold was crossed. Note that
it is possible for both threshold values to have been crossed, in which case the TAU ceases
making temperature comparisons until an mtspr instruction is executed to one or both of
the threshold SPRs,
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10.3.2.3 PowerPC 750 Junction Temperature Determination

While the 750°s TAU does not implement an analog-to-digital converter to enable the direct
determination of the junction temperature, system software can execute a simple successive
approximation routine to find the junction temperature.

The TAU configuration used to approximate the junction temperature is the same required
for single-threshold mode, except that the threshold SPR selected has its TIE bit cleared to
0 to disable thermal management interrupt generation. Once the TAU is enabled, the
successive approximation routine loads a threshold value into the active threshold SPR, and
then continuously polls the threshold SPRs TIV bit until it is set to 1, indicating a valid TIN
bit. The successive approximation routine can then evaluate the TIN bit value, and then
increment or decrement the threshold value for another comparison. This process is
continued until the junction temperature is determined.

10.3.2.4 Power Saving Modes and TAU Operation

The static power saving modes provided by the 750 (the nap, doze, and sleep modes) allow
the temperature of the processor to be lowered quickly, and can be invoked through the use
of the TAU and associated thermal management interrupt. The TAU remains operational in
the nap and doze modes, and in sleep mode as long as the SYSCLK signal input remains
active. If the SYSCLK signal is made static when sleep mode is invoked, the TAU is
rendered inactive. If the 750 is entering sleep mode with SYSCLK disabled, the TAU
should be configured to disable thermal management interrupts to avoid an unwanted
thermal management interrupt when the SYSCLK input signal is restored.

Note: For 750 revision 3.0 and later, the TAU will no longer be operational in sleep
mode.

10.4 Instruction Cache Throttling

The 750 provides an instruction cache throttling mechanism to effectively reduce the
instruction execution rate without the complexity and overhead of dynamic clock control.
Instruction cache throttling, when used in conjunction with the TAU and the dynamic
power management capability of the 750, provides the system designer with a flexible
means of controlling device temperature while allowing the processor to continue
operating.

The instruction cache throttling mechanism simply reduces the instruction forwarding rate
from the instruction cache to the instruction dispatcher. Normally, the instruction cache
forwards four instructions to the instruction dispatcher every clock cycle if all the
instructions hit in the cache. For thermal management the 750 provides a supervisor-level
instruction cache throttling control (ICTC) SPR. The instruction forwarding rate is reduced
by writing a nonzero value into the ICTC[FI] field, and enabling instruction cache throttling
by setting the ICTC[E] bit to 1. The overall junction temperature reduction results from
dynamic power management reducing the power to the execution units while waiting for
instructions to be forwarded from the instruction cache; thus, instruction cache throttling

10-10 IBM PowerPC 740 / PowerPC 750 RISC Microprocessor User’s Manual



does not provide thermal reduction unless HIDO[DPM] is set to 1. Note that during

instruction cache throttling the configuration of the PLL and DLL remain unchanged.

The bit field settings of the ICTC SPR are shown in Table 10-5.

Table 10-5. ICTC Bit Field Settings

Bits

Name

Description

23-30

Fl

Instruction forwarding interval expressed in processor clocks.
0x00-—0 clock cycle
0x01—1 clock cycle

0xFF—255 clock cycles

31

Cache throttling enable
0 Disable instruction cache throttling.
1 Enable instruction cache throttling.
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Chapter 11
Performance Monitor

The performance monitor facility provides the ability to monitor and count predefined
events such as processor clocks, misses in the instruction cache, data cache, or L2 cache,
types of instructions dispatched, mispredicted branches, and other occurrences. The count
of such events (which may be an approximation) can be used to trigger the performance
monitor exception. The performance monitor facility is not defined by the PowerPC
architecture.

The performance monitor can be used for the following:

To increase system performance with efficient software, especially in a
multiprocessing system. Memory hierarchy behavior may be monitored and studied
in order to develop algorithms that schedule tasks (and perhaps partition them) and
that structure and distribute data optimally.

To improve processor architecture, the detailed behavior of the PowerPC 750’s
structure must be known and understood in many software environments. Some
environments may not be easily characterized by a benchmark or trace.

To help system developers bring up and debug their systems.

The performance monitor uses the following 750-specific special-purpose registers (SPRs):

The performance monitor counter registers (PMC1-PMC4) are used to record the
number of times a certain event has occurred. UPMC1-UPMC4 provide user-level
read access to these registers.

The monitor mode control registers (MMCRO-MMCRU1) are used to enable various
performance monitor interrupt functions and select events to count.
UMMCRO-UMMCRI1 provide user-level read access to these registers.

The sampled instruction address register (SIA) contains the effective address of an
instruction executing at or around the time that the processor signals the
performance monitor interrupt condition. USIA provides user-level read access to
the SIA.
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Four 32-bit counters in the 750 count occurrences of software-selectable events. Two
control registers (MMCRO and MMCRI1) are used to control performance monitor
operation. The counters and the control registers are supervisor-level SPRs; however, in the
750, the contents of these registers can be read by user-level software using separate SPRs
(UMMCRO and UMMCR1). Control fields in the MMCRO and MMCRI1 select the events
to be counted, can enable a counter overflow to initiate a performance monitor exception,
and specify the conditions under which counting is enabled.

As with other PowerPC exceptions, the performance monitor interrupt follows the normal
PowerPC exception model with a defined exception vector offset (0xO0FQO0). Its priority is
below the external interrupt and above the decrementer interrupt. .

11.1 Performance Monitor Interrupt

The performance monitor provides the ability to generate a performance monitor interrupt
triggered by a counter overflow condition in one of the performance monitor counter
registers (PMC1-PMC4), shown in Figure 11-3. A counter is considered to have
overflowed when its most-significant bit is set. A performance monitor interrupt may also
be caused by the flipping from O to 1 of certain bits in the time base register, which provides
a way to generate a time reference-based interrupt.

Although the interrupt signal condition may occur with MSR[EE] = 0, the actual exception
cannot be taken until MSR[EE] = 1.

As a result of a performance monitor exception being taken, the action taken depends on
the programmable events, as follows: To help track which part of the code was being
executed when an exception was signaled, the address of the last completed instruction
during that cycle is saved in the SIA. The SIA is not updated if no instruction completed
the cycle in which the exception was taken.

Exception handling for the performance monitor interrupt exception is described in Section
4.5.13, “Performance Monitor Interrupt (0x00F00).”
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11.2 Special-Purpose Registers Used by
Performance Monitor

The performance monitor incorporates the SPRs listed in Table 11-1. All of these
supervisor-level registers are accessed through mtspr and mfspr instructions. The
following table shows more information about all performance monitor SPRs.

Table 11-1. Performance Monitor SPRs

SPR Number spr[5-9] Il spr[0-4] Register Name Access Level
952 0b11101 11000 MMCRO Supervisor
953 0b11101 11001 PMC1 Supervisor
954 0b11101 11010 PMC2 Supervisor
955 0b11101 11011 SIA Supervisor
956 0b11101 11100 MMCR1 Supervisor
957 0b11101 11101 PMC3 Supervisor
958 0b11101 11110 PMC4 Supervisor
936 0b11101 01000 UMMCRO User (read only)
937 Ob11101 01001 UPMC1 User (read only)
938 Ob11101 01010 upPMC2 User (read only)
939 0b11101 01011 USIA User (read only)
940 0b11101 01100 UMMCR1 User (read only)
941 0b11101 01101 UPMC3 User (read only)
942 0b11101 01110 UPMC4 User (read only)

11.2.1 Performance Monitor Registers
This section describes the registers used by the performance monitor.

11.2.1.1 Monitor Mode Control Register 0 (MIMCRO)

The monitor mode control register 0 (MMCRO), shown in Figure 11-1, is a 32-bit SPR
provided to specify events to be counted and recorded. MMCRO can be written to only in
supervisor mode. User-level software can read the contents of MMCRO by issuing an
mfspr instruction to UMMCRO, described in Section 11.2.1.2, “User Monitor Mode
Control Register 0 (UMMCRO0).”
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INTONBITTRANS

RTCSELECT
DISCOUNT PMC2INTCONTROL
ENINT PMC1INTCONTROL PMCTRIGGER
Y y Y 1 Y
|DlS|DP|DU|DMSiDMR| | I | | THRESHOLD | | | | PMC1SELECT l PMC2SELECT
01 2 3 456 7 8 910 15 16 17 18 19 25 26 31

Figure 11-1. Monitor Mode Contro! Register 0 (MMCRO)

This register must be cleared at power up. Reading this register does not change its
contents. Table 11-2 describes the bits of the MMCRO register.

Table 11-2. MMCRO Bit Settings

Bit Name Description
0 DIS Disables counting unconditionally.
0  The values of the PMCn counters can be changed by hardware.
1 The values of the PMCn counters cannot be changed by hardware.
1 DP Disables counting while in supervisor mode.
0  The PMCn counters can be changed by hardware.
1 If the processor is in supervisor mode (MSR[PR] is cleared), the counters are not
changed by hardware.
2 DU Disables counting while in user mode.
0  The PMCn counters can be changed by hardware.
1 If the processor is in user mode (MSR[PR] is set), the PMCn counters are not
changed by hardware.
3 DMS Disables counting while MSR[PM] is set.
0  The PMCn counters can be changed by hardware.
1 If MSR[PM] is set, the PMCn counters are not changed by hardware.
4 DMR Disables counting while MSR[PM] is zero.
0  The PMCn counters can be changed by hardware.
1 If MSR[PM] is cleared, the PMCn counters are not changed by hardware.
5 ENINT Enables performance monitor interrupt signaling.
0 Interrupt signaling is disabled.
1 Interrupt signaling is enabled.
Cleared by hardware when a performance monitor interrupt is taken. To re-enable
these interrupt signals, software must set this bit after servicing the performance
monitor interrupt. The IPL ROM code clears this bit before passing control to the
operating system.
6 DISCOUNT Disables counting of PMCn when a performance monitor interrupt is signaled (that is,
((PMCnINTCONTROL = 1) & (PMCn[0] = 1) & (ENINT = 1)) or the occurrence of an
enabled time base transition with ((INTONBITTRANS =1) & (ENINT = 1)).
0  Signaling a performance monitor interrupt does not affect counting status of
PMCn.
1 The signaling of a performance monitor interrupt prevents changing of PMC1
counter. The PMCn counter does not change if PMC2COUNTCTL = 0.
Because a time base signal could have occurred along with an enabled counter
overflow condition, software should always reset INTONBITTRANS to zero, if the value
in INTONBITTRANS was a one.
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Table 11-2. MMCRO Bit Settings (Continued)

Bit Name Description

7-8 RTCSELECT 64-bit time base, bit selection enable
00 Pick bit 63 to count
01  Pick bit 55 to count
10 Pick bit 51 to count
11 Pick bit 47 to count

9 INTONBITTRANS | Causes interrupt signaling on bit transition (identified in RTCSELECT) from off to on.
0 Do not allow interrupt signal on the transition of a chosen bit.

1 Signal interrupt on the transition of a chosen bit.

Software is responsible for setting and clearing INTONBITTRANS.

10-15 | THRESHOLD Threshold value. All 6 bits are supported by the 750; allowing threshold values from 0
to 63. The intent of the THRESHOLD support is to characterize L1 data cache misses.

16 PMC1INTCONTROL | Enables interrupt signaling due to PMC1 counter overflow.
0  Disable PMC1 interrupt signaling due to PMC1 counter overflow.
1 Enable PMC1 Interrupt signaling due to PMC1 counter overflow.

17 PMCINTCONTROL | Enable interrupt signaling due to any PMC2-PMC4 counter overflow. Overrides the
setting of DISCOUNT.

0  Disable PMC2-PMC4 interrupt signaling due to PMC2-PMC4 counter overflow.
1 Enable PMC2-PMC4 interrupt signaling due to PMC2-PMC4 counter overflow.

18 PMCTRIGGER Can be used to trigger counting of PMC2-PMC4 after PMC1 has overflowed or after a

performance monitor interrupt is signaled.

0  Enable PMC2-PMC4 counting.

1 Disable PMC2-PMC4 counting until either PMC1[0] = 1 or a performance monitor
interrupt is signaled.

19-25 {PMC1SELECT PMC1 input selector, 128 events selectable; 25 defined. See Table 11-5.

26-31 | PMC2SELECT PMC2 input selector, 64 events selectable; 21 defined. See Table 11-6.

MMCRO can be accessed with the mtspr and mfspr instructions using SPR 952.

11.2.1.2 User Monitor Mode Control Register 0 (UMMCRO)

The contents of MMCRO are reflected to UMMCRO, which can be read by user-level
software. UMMCRO can be accessed with the mfspr instructions using SPR 936.

11.2.1.3 Monitor Mode Control Register 1 (MMCR1)

The monitor mode control register 1 (MMCRI1) functions as an event selector for
performance monitor counter registers 3 and 4 (PMC3 and PMC4). The MMCRI1 register
is shown in Figure 11-2.

) Reserved
PMC3SELECT|PMC4SELECT | 100 0000 0000 0000 0000 0000 ‘
0 45 910

Figure 11-2. Monitor Mode Control Register 1 (MMCR1)
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Bit settings for MMCRI1 are shown in Table 11-3. The corresponding events are described
in Section 11.2.1.5, “Performance Monitor Counter Registers (PMC1-PMC4).”

Table 11-3. MMCR1 Bit Settings

Bits Name Description
0-4 PMC3SELECT . | PMCS input selector. 32 events selectable. See Table 11-7 for defined selections.
5-9 PMCA4SELECT | PMC4 input selector. 32 events selectable. See Table 11-8 for defined selections.
10-31 —_ Reserved

MMCRI can be accessed with the mtspr and mfspr instructions using SPR 956. User-level
software can read the contents of MMCR1 by issuing an mfspr instruction to UMMCRI,
described in Section 11.2.1.4, “User Monitor Mode Control Register I (UMMCR1).”

11.2.1.4 User Monitor Mode Control Register 1 (UMMCR1)

The contents of MMCRI1 are refiected to UMMCRI1, which can be read by user-level
software. UMMCRI can be accessed with the mfspr instructions using SPR 940.

11.2.1.5 Performance Monitor Counter Registers (PMC1-PMC4)

PMC1-PMC4, shown in Figure 11-3, are 32-bit counters that can be programmed to
generate interrupt signals when they overflow.

IOVI Counter Value |
0 1 31

Figure 11-3. Performance Monitor Counter Registers (PMC1-PMC4)
The bits contained in the PMC registers are described in Table 11-4.

Table 11-4. PMCn Bit Settings

Bits Name Description

0 ov Overflow. When this bit is set, it indicates this counter has reached its maximum value.

1-31 | Counter value | Indicates the number of occurrences of the specified event.

Counters overflow when the high-order bit (the sign bit) becomes set; that is, they reach the
value 2147483648 (0x8000_0000). However, an interrupt is not signaled unless both
MMCRO[ENINT] and either PMCIINTCONTROL or PMCINTCONTROL in the

. MMCRO register are also set as appropriate.

Note that the interrupts can be masked by clearing MSR[EE]; the interrupt signal condition
may occur with MSR[EE] cleared, but the exception is not taken until MSR[EE] is set.
Setting MMCRO[DISCOUNT] forces counters to stop counting when a counter interrupt
occurs.

11-6 1BM PowerPC 740 / PowerPC 750 RISC Microprocessor User’s Manual



Software is expected to use the mtspr instruction to explicitly set PMC to non-overflowed
values. Setting an overflowed value may cause an erroneous exception. For example, if both
MMCRO[ENINT] and either PMCIINTCONTROL or PMCINTCONTROL are set and the
mtspr instruction loads an overflow value, an interrupt signal may be generated without an
event counting having taken place.

The event to be monitored can be chosen by setting MMCRO[19-31]. The selected events
are counted beginning when MMCRO is set until either MMCRO is reset or a performance
monitor interrupt is generated. Table 11-5 lists the selectable events and their encodings.

Table 11-5. PMC1 Events—MMCRO[19-25] Select Encodings

Encoding Description

000 0000 | Register holds current value.

000 0001 Number of processor cycles

000 0010 | Number of instructions that have completed. Does not include folded branches.

0000011 Number of transitions from 0 to 1 of specified bits in time base lower register. Bits are specified
through RTCSELECT, MMRCOQ[7-8]. 00 = 15,01 =19, 10 =23, 11 = 31

0000100 Number of instructions dispatched—o0, 1, or 2 instructions per cycle

0000101 Number of eieio instructions completed

0000110 Number of cycles spent performing table search operations for the ITLB

0000111 Number of accesses that hit the L2, This event includes cache ops (i.e., dcbz)

0001000 Number of valid instruction EAs delivered to the memory subsystem

0001001 Number of times the address of an instruction being completed matches the address in the IABR

0001010 Number of loads that miss the L1 with latencies that exceeded the threshold value

0001011 Number of branches that are unresolved when processed

0001100 Number of cycles the dispatcher stalls due to a second unresolved branch in the instruction stream

0001101 Number of times an instruction fetch missed the L1 Icache.

All others | Reserved. May be used in a later revision.

Bits MMCRO[26-31] specify events associated with PMC2, as shown in Table 11-6.
Table 11-6. PMC2 Events—MMCRO0[26-31] Select Encodings

Encoding . Description

00 0000 Nothing Register holds current value.

00 0001 Processor cycles Count every cycle

00 0010 Number of instructions that have completed. Indicates number of instructions that have
completed. Does not include folded branches
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Table 11-6. PMC2 Events—MMCRO0[26-31] Select Encodings (Continued)

Encoding Description

00 0011 Time-base (lower) bit transitions. Counts transitions from 0 to 1 of specified bits in
time base lower register. Bits are specified through
RTCSELECT, MMRCO[7-8]. 00 = 15,01 =19, 10 =
23,11 =31,

000100 Number of instructions dispatched. 0, 1, or 2 instructions per cycle

000101 Number of L1 Icache misses Indicates the number of times an instruction fetch
missed the L1 instruction cache.

000110 Number of ITLB misses Indicates the number of times the needed
instruction address translation was not in the ITLB.

000111 L1 I-misses Counts the number of accesses which miss the L2
due to an I-side request.

00 1000 Number of fall-through branches Indicates the number of branches that were
predicted not taken.

00 1001 Switches between Privileged and User Counts the number of times that the MSR[PR] bit
toggles.

00 1010 Reserved loads Incremented every time that a reserved load
completes.

00 1011 Loads and stores Counts all load and store instructions completed.

00 1100 Number of snoops Gives the total number of snoops to the L1 and the
L2.

001101 L1 castouts to L2 Number of times the L1 castout goes to the L2.

001110 System Unit Instructions Number of system unit instructions completed.

001111 Instruction Miss cycles Counts the total number of L1 miss cycles of
instruction fetches.

010000 First speculative branch resolved correctly Indicates the number of branches that allow
speculative execution beyond those that resolved
correctly

All others | RESERVED May be used in a later revision.

Bits MMCRI1[0-4] specify events associated with PMC3, as shown in Table 11-7.

Table 11-7. PMC3 Events—MMCR1[0-4] Select Encodings

Encoding Description
0 0000 Register holds current value.
0 0001 Number of processor cycles
00010 Number of completed instructions, not including folded branches.
00011 Number of TBL bit transitions from 0 to 1 of specified bits in time base lower register. Bits are
specified through RTCSELECT (MMRCO[7-8]). 0 =47, 1 =51,2 =55, 3=63.
00100 Number of instructions dispatched. 0, 1, or 2 per cycle.
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Table 11-7. PMC3 Events—MMCR1[0-4] Select Encodings (Continued)

Encoding Description

00101 Number of L1 data cache misses. Does not include cache ops.

00110 Number of DTLB misses

00111 Number of L2 data misses

01000 Number of predicted branches that were taken

01001 Number of transitions between marked and unmarked processes while in user mode. That is, the
number of MSR[PM] toggles while the processor is in user mode. RESERVED

01010 Number of store conditional instructions completed

01011 Number of instructions completed from the FPU

01100 Number of 1.2 castouts caused by snoops to modified lines

0 110'1 Number of cache operations that hit in the L2 cache

01110 Reserved

01111 Number of cycles generated by L1 load misses

1 0000 Number of branches in the second speculative stream that resolve correctly

10001 Number of cycles the BPU stalls due to LR or CR unresolved dependencies

All others Reserved. May be used in a later revision.

Bits MMCRI1[5-9] specify events associated with PMC4, as shown in Table 11-8.

Table 11-8. PMC4 Events—MMCR1[5-9] Select Encodings

Encoding Comments

00000 Register holds current value

00001 Number of processor cycles

00010 Number of completed instructions, not including folded branches

00011 Number of TBL bit transitions from 0 to 1 of specified bits in time-base lower register. Bits are specified
through RTCSELECT (MMRCO[7-8]). 0 = 47,1 =51,2 =55, 3 =63.

00100 Number of instructions dispatched. 0, 1, or 2 per cycle

00101 Number of L2 castouts

00110 Number of cycles spent performing table searches for DTLB accesses.

00111 Reserved. May be used in a later revision.

01000 Number of mispredicted branches. Reserved for future use.

01001 Reserved. May be used in a later revision.

01010 Number of store conditional instructions completed with reservation intact

01011 Number of completed sync instructions

01100 Number of snoop request retries
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Table 11-8. PMC4 Events—MMCR1[5-9] Select Encodings

Encoding Comments

01101 Number of completed integer operations

01110 Number of cycles the BPU cannot process new branches due to having two unresolved branches
11111 Number of L1 Data cache misses. Does not include cache ops.

All others | Reserved. May be used in a later revision.

The PMC registers can be accessed with the mtspr and mfspr instructions using the
following SPR numbers:

* PMCI is SPR 953

* PMC2is SPR 954

* PMC3is SPR 957

* PMC4is SPR 958

'11.2.1.6 User Performance Monitor Counter Registers
(UPMC1-UPMC4)

The contents of the PMC1-PMC4 are reflected to UPMC1-UPMC4, which can be read by
user-level software. The UPMC registers can be read with the mfspr instructions using the
following SPR numbers:

« UPMCI is SPR 937

» UPMC?2 is SPR 938

* UPMC3 is SPR 941

¢ UPMCH4 is SPR 942

11.2.1.7 Sampled Instruction Address Register (SIA)

The sampled instruction address register (SIA) is a supervisor-level register that contains
the effective address of an instruction executing at or around the time that the processor
signals the performance monitor interrupt condition. The SIA is shown in Figure 11-4.

Instruction Address

Figure 11-4. Sampled instruction Address Registers (SIA)

If the performance monitor interrupt is triggered by a threshold event, the SIA contains the
address of the exact instruction (called the sampled instruction) that caused the counter to
overflow.

If the performance monitor interrupt was caused by something besides a threshold event,
the SIA contains the address of the last instruction completed during that cycle. SIA can be
accessed with the mtspr and mfspr instructions using SPR 955.
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11.2.1.8 User Sampled Instruction Address Register (USIA)

The contents of SIA are reflected to USIA, which can be read by user-level software. USIA
can be accessed with the mfspr instructions using SPR 939.

11.3 Event Counting

Counting can be enabled if conditions in the processor state match a software-specified
condition. Because a software task scheduler may switch a processor’s execution among
multiple processes and because statistics on only a particular process may be of interest, a
facility is provided to mark a process. The performance monitor (PM) bit, MSR[29] is used
for this purpose. System software may set this bit when a marked process is running. This
enables statistics to be gathered only during the execution of the marked process. The states
of MSR[PR] and MSR[PM] together define a state that the processor (supervisor or
program) and the process (marked or unmarked) may be in at any time. If this state matches
a state specified by the MMCR, the state for which monitoring is enabled, counting is
enabled. ‘

The following are states that can be monitored:

¢ (Supervisor) only

¢ (User) only

* (Marked and user) only

e (Not marked and user) only

¢ (Marked and supervisor) only

* (Not marked and supervisor) only
¢ (Marked) only

* (Not marked) only

In addition, one of two unconditional counting modes may be specified:

¢ Counting is unconditionally enabled regardless of the states of MSR[PM] and
MSRI[PR]. This can be accomplished by clearing MMCRO[0—4].

» Counting is unconditionally disabled regardless of the states of MSR[PM] and
MSRIPR]. This is done by setting MMCRO[0].

The performance monitor counters count specified events and are used to generate
performance monitor exceptions when an overflow (most-significant bit is a 1) situation
occurs. The 750 performance monitor has four, 32-bit registers that can count up to
Ox7FFFFFFF (2,147,483,648 in decimal) before overflowing. Bit O of the registers is used
to determine when an interrupt condition exists.
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11.4 Event Selection

Event selection is handled through MMCRO and MMCRI, described in Table 11-2 and
~ Table 11-3, respectively. Event selection is described as follows:

The four event-select fields in MMCRO and MMCRU1 are as follows:

— MMCRO0[19-25] PMCISELECT—PMCI1 input selector, 128 events selectable;
25 defined. See Table 11-5.

— MMCRO[26-31] PMC2SELECT—PMC?2 input selector, 64 events selectable;
21 defined. See Table 11-6.

— MMCRO[0-4] PMC3SELECT—PMC3 input selector. 32 events selectable,
defined. See Table 11-7.

— MMCRO[5-9] PMC4SELECT—PMCH4 input selector. 32 events selectable. See
Table 11-8.

In the tables, a correlation is established between each counter, events to be traced,
and the pattern required for the desired selection.

The first five events are common to all four counters and are considered to be
reference events. These are as follows:

— 00000—Register holds current value
— (00001—Number of processor cycles
— (00010—Number of completed instructions, not including folded branches

— 00011—Number of TBL bit transitions from O to 1 of specified bits in time base
lower register. Bits are specified through RTCSELECT (MMCRO[7-8]). 0=47,
1=51,2=55,3=63.

— 00100—Number of instructions dispatched. 0, 1, or 2 per cycle

Some events can have multiple occurrences per cycle, and therefore need two or
three bits to represent them.

11.5 Notes

The following warnings should be noted:

Only those load and store in queue position O of their respective load/store queues
are monitored when a threshold event is selected in PMC1.

The 750 cannot accurately track threshold events with respect to the following types
of loads and stores:

— Unaligned load and store operations that cross a word boundary
— Load and store multiple operations
— Load and store string operations

11-12

IBM PowerPC 740 / PowerPC 750 RISC Microprocessor User’s Manual



Appendix A
PowerPC Instruction Set Listings

This appendix lists the PowerPC 750 microprocessor’s instruction set as well as the
additional PowerPC instructions not implemented in the 750. Instructions are sorted by
mnemonic, opcode, function, and form. Also included in this appendix is a quick reference
table that contains general information, such as the architecture level, privilege level, and
form, and indicates if the instruction is 64-bit and optional. Note that the 750 is a 32-bit
microprocessor, and doesn’t implement any 64-bit instructions.

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

A.1 Instructions Sorted by Mnemonic

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

Key:

Reserved bits

Table A-1. Complete Instruction List Sorted by Mnemonic

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
addx 31 D A B OE 266 Rec
addcx 31 D A B OE 10 Rc|
addex 31 D A B OE 138 Rc
addi 14 D A SIMM
addic 12 D A SIMM
addic. 13 D A SIMM
addis 15 D A SIMM
addmex 31 D ‘A 234 Rc
addzex 31 D A 202 Re
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Name 0 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
andx 31 S A B 28 Rc
andcx 31 S A B 60 Rc
andi. 28 S A UMM
andis. 29 S A UIMM
bx 18 Ll AA|LK
bex 16 BO BI BD AAILK
beetrx 19 BO Bl 528 LK
belrx 19 BO BI 16 LK
cmp 31 cfD |O]L A B 0 o
cmpi 11 ciD |O|L A SIMM
cmpl 31 efd |ofL A B 32 ]o
cmpli 10 crfD 0 L A UIMM
cntlzdx 1 31 S A 58 Rc
cntlzwx 31 S A 26 Rc
crand 19 crbD crbA crbB 257 0
crandc 19 crbD crbA crbB 129 0
creqv 19 crbD crbA crbB 289 0
crnand 19 crbD crbA crbB 225 0.
crnor 19 crbD crbA crbB 33 0
cror 19 crbD crbA crbB 449 0
crore 19 crbA crbB 417 0
crxor 19 crbA crbB 193 0
dcba 27 31 A B 758 0
debf 31 A B 86 0
dcbi 3 31 A B 470 0
dcbst 31 A B 54 0
debt 31 A B 278 0
debtst 31 A B 246 0
dcbz 31 A B 1014 o
divdx ! 31 D A B OE| 489 Re
divdux ! 31 D A B OE 457 Rc
divwx 31 D A B OE| 491 Rc
divwux 31 D A B OE 459 Rc
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Name 0

56 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

eciwx 31 D B 310 0
ecowx 31 S B 438 0
eieio 31 854 0
eqvx 31 284 Rc
extsbx 31 954 Re
extshx 31 922 Re
extswx ! 31 986 Rc
fabsx 63 264 Re|
faddx 63 B 21 Re
faddsx 59 B 21 Rc
fefidx ! 63 B 846 Re
fcmpo 63 crfD B 32 0
fempu 63 crfD B 0 0
fetidx ! 63 D B 814 Rc
fctidzx ! 63 D B 815 Rc
fetiwx 63 D B 14 Re
fctiwzx 63 D B 15 Re
fdivx 63 D B 18 Rc
fdivsx 59 D B 18 Rc
fmaddx 63 D B 29 Re
fmaddsx 59 D B C 29 Rc
fmrx 63 D B 72 Rc
fmsubx 63 -D B C 28 Re
fmsubsx 59 D B C 28 Rc
fmulx 63 D (o} 25 Re
fmulsx 59 D 00 c 25 Re
fnabsx 63 D B 136 Rc
fnegx 63 D B 40 Rc|
fnmaddx 63 D B Cc 31 Rc
fnmaddsx 59 D B C 31 Rc
fnmsubx 63 D B C 30 Re
fnmsubsx 59 D B C 30 Rc
fresx? 59 D B 24 Re|
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Name 0

5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3

=

frspx 63 D - 00000 B 12 Re
frsqrtex? 63 D 00000 B £ 00000 26 Rc
fselx? 63 D A B c 23 Rc|
tsqrtx 27 63 D 00000 B 00000 22 Rc
fsqrtsx 27 59 D 00000 B 00000 22 Rc|
fsubx 63 D A B 00000 20 Re
fsubsx 59 D A B 100000 20 Re
icbi a1 00000 A B 982 0
isync 19 © 00000 | 00000 | 00000 150 0
Ibz 34 D A d
Ibzu 35 D A d
Ibzux 31 D A 119 0
Ibzx 31 D A B 87 0
Id ! 58 D A ds | o
Idarx ! 31 D A B 84 | 0
Idu ! 58 D A ds | 1
Idux ! 31 D A B 53 0
Idx ! 31 D A B 21 0
Ifd 50 D A d
Ifdu 51 D A d
Ifdux 31 D A B 631 0
Ifdx 31 D A B 599 0
Ifs 48 D A d
Ifsu 49 D A d
Ifsux 31 D A B 567 0
Ifsx 31 D A B 535 0
Iha 42 D A d |
lhau 43 D A d
Ihaux 31 D A B 375 0
Ihax 31 D A B 343 0
Ihbrx 31 D A B 790 0
lhz 40 D A d
Ihzu 4 D A d
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Name © 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
lhzux 31 D A B 311 0
Ihzx 31 D A B 279 ¢}
Imw 4 46 D A
Iswi 4 31 D A NB 597 0
Iswx 4 31 D A B 533 0
wa’ 58 D A ds 2
Iwarx 31 D A B 20
Iwaux ! 31 D A B 373
Iwax ' 31 D A B 34 0
Iwbrx 31 D A B 534 0
lwz 32 D A
lwzu 33 D A
lwzux 31 D A B 55 Okf
lwzx 31 D A 23 0
mcrf 19 0 0
merfs 63 64 0
merxr 31 512 0
mfcr 31 19 o
mffsx 63 583 Re
mfmsr 3 31 83 0
mispr 5 31 339 0
mfsr 38 31 595 o
mfsrin 36 31 659 0
mitb 31 3n o
mtcrf 31 144 0
mtfsb0x 63 70 Re
mtfsblx 63 38 Rc
mtfsfx 63 71 Re
mtfsfix 63 134 Rc
mtmsr 36 31 s 146 o
mtmsrd '3 31 s : 178 0
mtspr 5 31 S spr 467 O
mtsr 36 31 S SR | 210 0
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mtsrd 36 31 s o] sr | 0000 82 0
mtsrdin 3¢ 31 S 00000 B 114 0
mtsrin 36 31 s 00000 B 242 0
mulhdx ' 31 D A B 0 73 R
mulhdux' 31 D A B 0 9 Re
mulhwx 31 D A B 0 75 Rc
mulhwux 31 D A B 0 11 Rc|
mulldx ! 31 D A B OE 233 Rc

mulli 7 D A SIMM
mullwx 31 D A B OEI 235 Re
nandx 31 S A B 476 Rc
negx 31 D A 0 OEI 104 Rc
norx 31 S A B 124 Rc|
orx 31 S A 444 Rc
orcx 31 S A B 412 Rc

ori 24 ) A UIMM

oris 25 S A UIMM
rfi 36 19 000 50 0
rfid 13 19 ‘ ) 18 0
rideix ! 30 S A B mb 8 Rc
riderx ! 30 S A B me 9 Re
ridicx ! 30 s A sh mb 2 |sh|Rc
ridiclx ! 30 S A sh mb 0 [sh|Re
ridicrx ! 30 s A sh me 1 |sh|Re
ridimix ! 30 s A sh mb 3 [shlRe
riwimix 20 S A SH MB ME Re
riwinmx 21 S A SH MB ME Rc
riwnmx 23 S A B MB ME Rc
sc 17 000000 00 (
slbia 123} 00 498 0
sibie 123 31 434 0
sldx ! 31 s B 27 Re
slwx 31 B 24 Re
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

sradx ! 31 s B 794 Rc|
sradix ! 31 S A sh 413 sh|R¢|
srawx 31 S A B 792 Rc
srawix 31 S A SH 824 Re
srdx ! 31 S A B 539 Rc
srwx 31 S A B 536 Rc
stb 38 s A d
stbu 39 S A d
stbux 31 S A B 247
stbx 31 s A B 215
std ! 62 S A ds
stdex. ! 31 S A B 214
stdu! 62 S A ds
stdux ' 31 S A B 181
stdx ! 31 S A B 149
stfd 54 s A d
stfdu 55 S A d
stfdux 31 s A B - 759
stfdx 31 S A B 727
stfiwx 2 31 S A B 983
stfs 52 S A d
stfsu 53 s A d
stfsux 31 s A B 695 0
stfsx 31 s A B 663 0
sth 44 S A d
sthbrx 31 s A B 918 0
sthu 45 S A d
sthux 31 S A B 439
sthx 31 s A B 407
stmw * 47 S A d
stswi 4 31 S A NB 725
stswx 4 31 s A B 661
stw 36 S A d
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Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
stwbrx 31 S A B 662 0
stwex. 31 S A B 150 1

stwu 37 S A d
stwux 31 S A B 183 0
stwx 31 S A B 151 0
subfx 31 D A B OE 40 Rc
subfcx 31 D A B OE 8 Re
subfex 31 D A B OE| 136 Rc|
subfic 08 D A SIMM
subfmex 31 D A 00000 [oE 232 Rc
subfzex 31 D A 00000 [OE 200 Re
sync 3t )00 00000 00000 598 0
td 31 A B 68 o
tdi’ 02 TO A SIMM

tibia 237 31 00000 | 00000 370 0

tibie 23 31 00000 B 306 0
tibsync?3 31 00000 00000 | 00000 566 0
tw 31 TO A ‘B 4 0
twi 03 TO A SIMM
xorx 31 S A B 316 Re
xori 26 S A UIMM
xoris 27 S A UiMM
Notes:
1 64-bit instruction
2 Optional instruction
3 Supervisor-level instruction
4 Load/store string/multiple instruction
5 Supervisor- and user-level instruction
6 Optional 64-bit bridge instruction
7 32-bit instruction not implemented by the PowerPC 750.
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A.2 Instructions Sorted by Opcode

Table A-2 lists the instructions defined in the PowerPC architecture in numeric order by
opcode.

Key:
|:| Reserved bits

Table A-2. Complete Instruction List Sorted by Opcode

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
tdi ! 000010 TO A SIMM
twi|] 000011 TO A SIMM
mullif 000111 D A SIMM
subfic| 001000 D A SIMM
cmpli| 001010 afd [0fL A UIMM
empi| 001011 ofd oL A SIMM
addic| 001100 D A SIMM
addic.| 001101 D A SIMM
addi| 001110 D A SIMM
addis| 001111 D A SIMM
bcx| 010000 BO BI BD AA|LK
sc| 010001 | 00000 ) 0000000000000 (1[0
bx| 010010 Ll AAILK
merf| 010011 ofd |00 000 0000000000 o
belrx| 010011 BO 0000010000 LK
ffid 2| 010011 | 00000 0000010010 )
crnor 010011 crbD 0000100001
fi %241 010011 | ;f’o‘oooo 0000110010
crandc| 010011 crbD 0010000001
isync| 010011 00000 0010010110
crxor| 010011 crbD 0011000001
crnand 010011 crbD 0011100001
crand 010011 crbD crbA crbB 0100000001
creqv 010011 crbD crbA crbB 0100100001
crorc| 010011 crbD crbA crbB 0110100001
cror| 010011 crbD crbA crbB 0111000001
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Name 0

5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

beetrx{ 010011 BO BI ;C;';',Q(),o,‘o‘o:; , 1000010000 LK
rwimix| 010100 S A SH MB ME Rc
rlwinmx 010101 S A SH MB ME Rc
riwnmx 010111 S A B MB ME Rc
orif 011000 S A UIMM
oris| 011001 S A UIMM
xori| 011010 S A UIMM
xoris| 011011 s A UIMM
andi.] 011100 S A UIMM
andis.| 011101 s A UIMM
ridiclx ! 011110 ] A sh mb 000 |sh|Rc
ridicrx ! 011110 S A sh me 001 |sh|Re
ridicx ! 011110 S A sh mb 010 |sh|Rc
ridimix ! 011110 S A sh mb 011 |sh[Rc
fdelx!| 011110 s A B mb | 01000 |Re
riderx?| 011110 s A B me l 01001 [Re
cmp| 011111 crfD |?o'||_ A B 0000000000 0
tw| 011111 TO A B 0000000100 0
subfcx| 011111 D A B OE 0000001000 Rc
mulhdux'| 011111 D A B 0| 0000001001 |Re
addex| 011111 D A B OE 0000001010 R
mulhwux| 011111 D A B 0 0000001011 Rc
mfer| 011111 D 000 ] 0000010011
iwarx| 011111 D A B 0000010100
dx'| 011111 D A B 0000010101 o
wzx| 011111 D A B 0000010111 0
cslwx| 011111 s A B 0000011000 Rc
entlzwx| 011111 S A 00 0000011010 Re
sldx ! 011111 S A B 0000011011 Rc
andx| 011111 s A B 0000011100 Re
cmpl| 011111 crfd [ A B 0000100000 0
subfx| 011111 A B OEI 0000101000 |Re
Idux'{ 011111 D A B 0000110101 0
A-10 IBM PowerPC 740 / PowerPC 750 RISC Microprocessor User’s Manual



Name 0

5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

debst| 011111 0000110110 0
Iwzux o11111 0000110111 0
cntizdx?| 011111 0000111010 Rc
andcx| 011111 0000111100 Re
td'| 011111 0001000100 0
muthdx'| 011111 D 0001001001 Re
mulhwx| 011111 D 0001001011 Rc
mtsrd24| 011111 S 0001010010 o
mfmsr?3| 011111 D 0001010011 0
darx'| 011111 D 0001010100 o
dcbf| 011111 0001010110 o
bzx| 011111 D 0001010111 0
negx| 011111 D 0001101000 Re
mtsrdin24| 011111 S 0001110010 0
lbzux| 011111 D 0001110111 0
norx| 011111 s 0001111100 Re
subfex| 011111 D 0010001000 Re
addex| 011111 D 0010001010 Rc
mterf| 011111 s 0010010000 o
mtmsr24| 011111 S 0010010010 0
stdx'| 011111 s 0010010101 0
stwex.] 011111 s 0010010110 1
stwx| 011111 s 0010010111 0
mtmsrd 2| 011111 S 0010110010 o
stdux'| 011111 S 0010110101 0
stwux| 011111 S 0010110111 0
subfzex| 011111 D 0011001000 Re
addzex| 011111 D 0011001010 Re
mtsr234[ 011111 s 0011010010 0
stdex.’| 011111 s 0011010110 1
stox| 011111 s 0011010111 o
subfmex| 011111 D 0011101000 Re
mulld'| 011111 D 0011101001 Re
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Name 0

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

addmex| 011111 D A 00000 [0l 0011101010  [Re
mullwx| 011111 D A B OEf 0011101011 Re
mtsrin 3241 011111 s 00000 B 0011110010 o
debtstf 011111 fo_o"do]q A B 0011110110 0
stbux| 011111 S A B 0011110111 0
addx| 011111 D A B OEl 0100001010  |Rc
dcbt| 011111 00000 A B 0100010110 0
thzx| 011111 D A B 0100010111 0
eqvx 011111 S A B 0100011100 Re
tibie 325 011111 00000 B 0100110010 0
eciwx| 011111 D T OA B 0100110110 0
lhzux| 011111 D A B 0100110111 0
xorx| 011111 s A B 0100111100 Re
mfspré| 011111 D spr 0101010011 0
wax'| 011111 D A B 0101010101 0
lhax| 011111 D A B 0101010111 0
tbia3257| 011111 | 00000 0101110010 0
mito| 011111 D 0101110011 o
waux'| 011111 D A B 0101110101 0
thaux| 011111 D A B 0101110111 0
sthx| 011111 s A B 0110010111 o
orex| 011111 s A B 0110011100 Re
sradix'| 011111 s A sh 1100111011 sh|Rc
sibie 125 011111 00000 B 0110110010 0
ecowx| 011111 S A B 0110110110 0
sthux] 011111 s A B 0110110111 0
orx| 011111 S A B 0110111100 Re
divdux'| 011111 D A B OEl 0111001001 Re
divwux| 011111 D A B CEl 0111001011 Rc
mtspré| 011111 s spr 0111010011 0
debi?3| 011111 A B 0111010110 0
nandx| 011111 0111011100 Re
divdx'[ 011111 D B OEl 0111101001 Re
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Name 0 5 6 7 8 9 10 1t 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
divwx| 011111 D A B OEf 0111101011 Re
sibia 25| 011111 00000 0111110010 0
merxr| 011111 000 00000 1000000000 0
tswx7| 011111 D A B 1000010101 0
wbrx| 011111 D B 1000010110 0
Ifsx| 011111 D B 1000010111 0
srwx| 011111 S B 1000011000 Re
srdx'| 011111 s B 1000011011 Re
tibsync 328| 011111 00000 00000 1000110110 0
lfsux| 011111 D B 1000110111 0
mtsr24[ 011111 D 0 SR 00000 1001010011 o
Iswi’”| 011111 D A NB 1001010101 0
sync| 011111 00000 00 1001010110 0
x| 011111 D A B 1001010111 0
ffidux| 011111 D A B 1001110111 0
mfsrin24| 011111 D 00000 B 1010010011 0
stswx?| 011111 s A B 1010010101 0
stwbrx| 011111 s A B 1010010110 o
sttsx| 011111 S A B 1010010111 ;f‘q
stfsux| 011111 s A B 1010110111 0
stswi’7| 011111 s A NB 1011010101 0
stfdx| 011111 s A 1011010111 o
dcba57| 011111 00000 A 1011110110 0
stidux| 011111 s A 1011110111 [
lhbrx| 011111 D A 1100010110 0
srawx| 011111 s A 1100011000 Re
sradx'| 011111 s A 1100011010 Re
srawix| 011111 s A 1100111000 Re
eieio] 011111 00000 0000 1101010110 o
sthbrx| 011111 s A 1110010110 0
extshx] 011111 s A 1110011010 Rc
extsbx| 011111 S A 1110111010 Re
icbi|] 011111 00000 A B 1111010110 0
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Name 0

5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

stfiwx5| 011111 S A B 1111010111 9
extsw!| 011111 s A 1111011010 R
debz| 011111 | 00000 A 1111110110 0]

lwz| 100000 D A d

lwzu 100001 D A d

lbz| 100010 D A d

Ibzu 100011 D A d

stw| 100100 S A d

stwu 100101 S A d

stb] 100110 S A d

stbu 100111 S A d

lhz| 101000 D A d

thzu 101001 D A d

lha| 101010 D A d

Thau 101011 D A d

sth 101100 S A d

sthu 101101 E A d

Imw? 101110 D A d

stmw 7 101111 s A d

Ifs 110000 D A d

Ifsu 110001 D A d

Ifd 110010 D A d

Ifdu 110011 D A d

st's| 110100 S A d

stfsu 110101 S A d

stfd 110110 S A d

stfdu 110111 s A d

id’ 111010 D A ds 00
Idu’ 111010 D A ds 01
Iwa ' 111010 D A 10
fdivsx] 111011 D A B 10010 |Rc
fsubsx] 111011 D A B 10100 |Rc
faddsx| 111011 D A B 10101 |Re
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Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
fsqrtsx 57 111011 D 10110 |Rc
fresx 5 111011 D 11000 |Rc
fmulsx 111011 D 11001 Rc
fmsubsx 111011 D A B C 11100 Rc
fmaddsx 111011 D A B C 11101 Rc
fnmsubsx| 111011 D A B C 11110 |Rc
fnmaddsx| 111011 D A B c 11111  |Rc
std ! 111110 S A ds 00
stdu ! 111110 S A ds 01
fempu| 111111 criD ‘?jb“o"f A B 0000000000 0
frspx] 111111 D ‘ B 0000001100 R
fetiwx| 111111 D B 0000001110
fetiwzx| 111111 D B 0000001111 Re
fdivx| 111111 D B 100 | 10010 |Rc
fsubx| 111111 D B 10100 |Rc
faddx| 111111 D B 10101 |Rc
fsqrix>7] 111111 D B 10110 |Rc
fselx 5 111111 D B 10111 |Rc
fmulx| 111111 D ( 11001 |Re
frsqrtex*| 111111 D B 000 11010 |Re
 tmsubx| 111111 D A B c 11100 |Rc
fmaddx 111111 D A B C 11101 Rc
fomsubx 111111 D A B C 11110 Rc
fnmaddx 111111 D A B C 11111 Rc
fempo 111111 crib |oo A B 0000100000 0
mtfsbix] 111111 crbD 00 1000 0000100110 Rc
fnegx| 111111 D B 0000101000 Rc
merfs| 111111 criD [oo 0001000000 0
mtfsbOx| 111111 crbD 0001000110 Re|
fmrx| 111111 D 0001001000 Re
mtfsfix| 111111 criD loo 0010000110 R
frabsx|{ 111111 0010001000 Re|
fabsx| 111111 0100001000 Re
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Name 0 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

mffsx| 111111 D I;f:*p,oo:o‘o‘ 1001000111 Rc

mtfsfx| 111111 /qfl FM 0 T B 1011000111 Re

fetidx!'| 111111 D 00000 B 1100101110 Re

fetidzx?| 111111 D 00000 B 1100101111 Re

fefidx ! 111111 D 00000 B 1101001110 R
Notes:

1 64-bit instruction

2 Supervisor-level instruction

3 Supervisor-level instruction

4 Optional 64-bit bridge instruction

5 Optional instruction

6 Supervisor- and user-level instruction

7 Load/store string/multiple instruction. 32-bit instruction not implemented by the PowerPC 750.
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A.3 Instructions Grouped by Functional Categories

Table A-3 through Table A-30 list the PowerPC instructions grouped by function.

Key: D Reserved bits

Table A-3. Integer Arithmetic Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
addx 3 D A B (OF] 266 R
addex 31 D A B OE 10 Re
addex 31 D A B OE 138 Rc
addi 14 D A SIMM
addic 12 D A SIMM
addic. 13 D A SIMM
addis 15 D A SIMM
addmex| 31 D A 00000 234 Re
addzex| 31 D A - 00000 202 Rc
divdx ! 31 D A B 489 R
divdux' 31 D A B OE 457 Re
divwx 31 D A B OE 491 R
divwux 31 D A B OE 459 Re
mulhdx'| 31 D A B 73 Re
mulhdux'| 31 D A B 9 Rc
mulhwx| 31 D A B 75 Rc
mulhwux 31 D A B 0 11 Rc
mulld ! 31 D A B OE 233 Re
mulli 07 D A SIMM
mullwx 31 D A B OE 235 Rec
negx| 3t D A 00000 |[oE 104 Re
subfx 31 D A B OF| 40 Rc
subfex| 31 D A B oE 8 Rc
subficx 08 D A SIMM
subfex 31 D A B OE 136 Rc
subfmex 31 D A 232 Rc
subfzex 31 D A 200 Re|
Note:
1 64-bit instruction
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Table A-4. Integer Compare Instructions

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
cmp| 31 efd [o]L A B | 10000000000 |0
cmpi| 11 cid [0)L A SIMM
cmpl| 31 afd fo|L A B | 32 lo
cmpli 10 ciD |0]L A UIMM

Table A-5. Integer Logical Instructions

Name o 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
andx 31 S A B 28 Re
andcx 31 S A B 60 Rc|
andi. 28 S A UiMM
andis. 29 S A UIMM
entizdx 31 S A 58 Rc
cntlzwx 31 S A 26 Re
eqvx 31 S A 284 Rc
extsbx 31 S A 954 Rc|
extshx 31 S A 922 Rc
extswx ' 31 S A 986 Re
nandx 31 S A B 476 Re
norx 31 S A B 124 Re
orx| 31 s A B 444 Rc
orcx 31 S A B 412 Re
ori 24 S A UMM
oris 25 S A UIMM
xorx 31 S A B 316 Rc|
xori 26 S A UIMM
xoris 27 S A UIMM
Note:

1 64-bit instruction
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Table A-6. Integer Rotate Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ridcix? 30 S A B mb 8 Rc
riderx ! 30 S A B me 9 R
ridicx ! 30 S A sh mb 2 |sh|Re
ridiclx'| - 30 s A sh mb 0 |sh|Re
ridicrx ! 30 S A sh me 1 [sh|Re
ridimix ! 30 s A sh mb 3 |sh|Rc
riwimix 22 s A SH MB ME Rc
riwinmx 20 S A SH MB ME Rc
rlwnmx 21 S A SH MB ME Rc

Note:
1 64-bit instruction
Table A-7. Integer Shift Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
sldx? 31 S A B 27 Rc
slwx 31 S A B 24 Rc
sradx ! 31 S A B 794 Rc
sradix ! 31 S A sh 413 sh|Rg]
srawx 31 S A B 792 Rc
srawix 31 S A SH 824 Rc|
srdx ! 31 S A B 539 Rc
srwx 31 S A B 536 Rc
Note:
1 64-bit instruction
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Table A-8. Floating-Point Arithmetic Instructions

Name o0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
faddx| 63 D A B © 00000 21 Rc
faddsx| 59 D A B 00000 21 Re
fdivx 63 D A B 00000 = 18 Rc
fdivsx| 59 D A B 100000 18 Re
fmulx 63 D A 00000 c 25 Re
fmulsx| 59 D A 00000 C 25 Rc
fresx ! 59 D 00000 B 00000 24 Rc
frsqrtex 63 D 00000 B 00000 26 Re
fsubx| 63 D A B 100000 20 Re
fsubsx| 59 D A B 100000 20 Re
fselx ! 63 D A B c 23 Re
fsqrix 12 63 D 100000 B ©00000 22 Rc
fsqrsx -2 59 D 00000 B 100000 22 Re

Note:
1 Optional instruction
2 32-bit instruction not implemented by the PowerPC 750

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

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
fmaddx 63 D . A B (o} 29 Re
fmaddsx 59 D A B Cc 29 Rc
fmsubx 63 D A B Cc 28 Rc
fmsubsx 59 D A B C 28 Rc|
fnmaddx 63 D A B C 31 Re
fnmaddsx 59 D A B o] 31 Re
famsubx 63 D A B Cc 30 Rc|
fnmsubsx 59 D A B C 30 Rc|
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Table A-10. Floating-Point Rounding and Conversion Instructions

Name © 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
fefidx 1 63 D B 846 Rc
fotidx ! 63 D B 814 Re
fetidzx ! 63 D B 815 Re
fotiwx 63 D B 14 Rc
fetiwzx 63 D B 15 Rc
frspx 63 D B 12 Re
Note:
1 64-bit instruction
Table A-11. Floating-Point Compare Instructions

Name © 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

fcmpo 63 criD B 32

fempu 63 crfD B 0

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

Name © 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mcrfs 63 ) 64
mffsx 63 583
mtfsb0x 63 70 Rc|
mtfsb1x 63 38 Re
mifsfx 31 711 Re
mifsfix 63 134 Re|
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Table A-13. Integer Load Instructions

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Ibz 34 D A d
Ibzu 35 D A d
Ibzux 31 D A B 119 0
Ibzx 31 D A B 87 0
d? 58 D A ds 0
Idu’ 58 D A ds 1
Idux ! 31 D A B 53 0
tdx ! 31 D A B 21 0
lha 42 D A d
lhau 43 D A d
Ihaux 31 D A B 375 0
lhax 31 D A B 343 0
Ihz 40 D A d
lhzu 41 D A d
Ihzux 31 D A B 311 o
Ihzx 31 D A B 279 0
wa ! 58 D A ds 2
Iwaux ' 31 D A B 373 o
Iwax ! 31 D A B 341 0
Iwz 32 D A d
lwzu 33 D A d
Iwzux 31 D A B 55 0
wzx| 31 D A B 23 [0
Note:

1 64-bit instruction
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Name
stb
sthu
stbux
stbx
std !
stdu !
stdux
stdx !
sth
sthu
sthux
sthx
stw
stwu
stwux

stwx

Table A-14. Integer Store Instructions

5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

0
38 S A d
39 S A d
31 s A 247 0
31 S A 215 0
62 s A ds 0
62 s A ds 1
31 s A 181 o
31 S A B 149 o
44 s A d
45 s A d
31 s A B 439 0
3 s A B 407 0]
36 s A d '
37 S A d
31 s A 183 : o
31 S A B 151 0
Note:

1 64-bit instruction

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

Name
Ihbrx
lwbrx

sthbrx

stwbrx

Name
Imw

stmw

0 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
31 D A B 790
31 D A B 534
31 S A B 918
31 S A B 662

Table A-16. Integer Load and Store Multiple Instructions

0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
46 D A d
47 S A d

Note:
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Table A-17. Integer Load and Store String Instructions

Name o0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Iswi 31 D A NB 597 0
Iswx 31 D A B 533 0

stswi 31 S A NB 725 0
stswx 31 S A B 661 0

Table A-18. Memory Synchronization Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
eieio| 31 00000 854 0
isync 19 000 . 00000 150

Idarx ! 31 D A 84
Iwarx 31 D A 20
stdcx.! 31 S A 214
stwex. 31 S A 150 1
sync| 31 | 0000 00000 598 0
Note:
1 64-bit instruction
Table A-19. Floating-Point Load Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Ifd| 50 D A d
Ifdu 51 D A d
Ifdux 31 D A B 631 0
lfdx| 31 D A B 599 o
ifs| 48 D A d
Ifsu 49 D A d
ifsux| 31 D A B 567 0
ifsx| 31 D A B 535 0
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Table A-20. Floating-Point Store Instructions

Name © 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
stid| 54 s d
stfdu 55 s A d

stfdux| 31 s A B 759 0

stfdx| 31 S A 727 0

stfiwx ! 31 ] A B 983 0
stfs 52 S A d
stfsu 53 S A d

stfsux| 31 S A B 695 0

sttsx 31 s A 663 0

Note:

1 Optional instruction

Table A-21. Floating-Point Move Instructions

Name 0 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
fabsx 63 D B 264 R
fmrx 63 D B 72 Rc|
fnabsx 63 D B 136 R
fnegx 63 D B 40 Re
Table A-22. Branch Instructions
Name 0 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3t
bx 18 L AA(LK
bex 16 BO Bl BD AA[LK]
bectrx 19 BO BI 528 LK
belrx 19 BO Bl 16 LK
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Table A-23. Condition Register Logical Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
crand 19 crbD crbA crbB 257 0
crandc 19 crbD crbA crbB 129 (]
creqv 19 crbD crbA crbB 289 0
crnand 19 crbD crbA crbB 225 0
crnor| 19 crbD crbA crbB 33 0
cror 19 crbD crbA crbB 449 o
crorc 19 crbD crbA crbB 4117 0.
crxor 19 crbD crbA crbB 193 0
merf 19 ofd | 00| oS | 00| 00000 | 000 o,o’oooo’p oo

Table A-24. System Linkage Instructions

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
fi'2 19 | 00000 | 00000 | 00000 50 0
Mid3| 19 | 00000 | 00000 | 00000 18 0

se| 17 | cf)_()‘_o‘:q'ofj; 00000 | 000000000000000  |1f0
Notes: ’
1 Supervisor-level instruction
2 Optional 64-bit bridge instruction
3 §4-bit instruction
Table A-25. Trap Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Wt 31 TO A B | 68 lo
tdi ! 03 TO A SIMM
w| 31 T0 A B T 4 lo’,
twi 03 TO A SIMM
Note:

1 64-bit instruction
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Table A-26. Processor Control Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
merxr 31 cfS | 0 512 0
mfer| 31 D 19 o
mfmsr'| 31 D 83 0
mfspr 2 31 D 339 0
mftb| 31 D 371 0
mterf 31 S 144 o
mtmsr 13| 31 s 146 0
mtmsrd 4 31 S ) 178 0
mtspr ? 31 D spr 467 0
Notes:
1 Supervisor-level instruction
2 Supervisor- and user-level instruction
3 Optional 64-bit bridge instruction
4 64-bit instruction
Table A-27. Cache Management Instructions
Name o0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
dcba 13 31 A B 758
dcbf 31 A B 86
debi 2 31 A B 470
decbst| 31 A B 54 '
debt| 31 A B 278 o
dcbtst 31 A B 246
debz| 31 A B 1014 o
icbi| 31 A B 982 0
Notes:

1 Optional instruction
2 supervisor-level instruction
3 32-bit instruction not implemented by the PowerPC 750
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Table A-28. Segment Register Manipulation Instructions.

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mfsr 12 31 D 0 SR | 00000 595 0
mfsrin 12| 31 D £ 00000 B 659 0
mtsr 12 31 S 0| sA : ako:qc,ooj 210 0
mtsrd 12| 31 s 0 SR | 00000 | . 82 0
mtsrdin 12 31 s 00000 B 114 0
mtsrin 12 31 S 00000 B 242 0
Notes:

1 Supervisor-level instruction
2 Optional 64-bit bridge instruction

Table A-29. Lookaside Buffer Management Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
slbia23 31 498 0
sibie'23 31 434 0

tibia 31 370 0
1,2,44,5
tible 12 45’ 31 306 0
tibsync' 2 31 566 0
4
Notes:
1 Supervisor-level instruction
2 Optional instruction
3 64-bit instruction
4 32-bit instruction not implemented by the PowerPC 750
4 Supervisor-level instruction
5 Optional instruction
Table A-30. External Control Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
eciwx| 31 D A B 310 0
ecowx 31 S A B 438 0
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A.4 Instructions Sorted by Form
Table A-31 through Table A-45 list the PowerPC instructions grouped by form.

Key:

Reserved bits

Table A-31. I-FForm

| OPCD | L IAAILKI

Specific Instruction
Name 0 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

bx| 18 | LI !AAILKI

Table A-32. B-Form

| OPCD I BO I BI I BD |AA|LK|

Specific Instruction
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

bcx| 16 | BO I BI | BD |AA|LK|

Table A-33. SC-Form

| OPCD | oo
Specific Instruction
Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
scl 17 0000 [ 0000¢ ‘ '
Table A-34. D-Form
OPCD D A d
OPCD D A SIMM
OPCD S A d
OPCD S A UMM
OPCD cfD |OfL A SIMM
OPCD cfD [O|L A UMM
OPCD TO A SIMM
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Specific Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
addi| 14 D A SIMM
 addic| 12 D A SIMM
addic.| 13 D A SIMM
addis| 15 D A SIMM
andi.| 28 S A UIMM
andis.| 29 s A UIMM
cmpi| 11 ofd |0fL A SIMM
cmpli| 10 crfD o L A UIMM
lbz| 34 D A d
lbzu| 35 D A d
itd| 50 D A d
lfdu| 51 D A d
Its| 48 D A d
lfsu| 49 D A d
tha| 42 D A d
thau| 43 D A d
hz| 40 D A d
thzu| 41 D A d
Imw ! 46 D A d
lwz 32 D A d
lwzu 33 D A d
mulli 7 D A SIMM
ori 24 S A UIMM
oris| 25 s A UIMM
stb| 38 s A d
stbu| 39 s A d
stid| 54 s A d
stidu| 55 s A d
stfs| 52 8 A d
stfsu 53 S A d
sth| 44 s A d
sthu| 45 S A d
stmw 47 s A d
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stw 36 A d
stwu 37 A d
subfic 08 A SIMM
tdi 2 02 TO A SIMM
twi 03 T0 A SIMM
xori 26 S A UIMM
xoris 27 A UiMM
Note:
1 Load/store string/multiple instruction
2 64-bit instruction
Table A-35. DS-Form
OPCD ds X0
OPCD ds X0
Specific Instructions
Name © 5 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Id? 58 D A " ds 0
Idu! 58 D A ds 1
Iwa ' 58 D A ds 2
std ' 62 S A ds 0
stdu 62 S A ds 1
Note:
1 64-bit instruction
Table A-36. X-Form
OPCD D A B X0 o
OPCD D A NB X0 0
OPCD D X0 0
OPCD D X0 0
OPCD D X0 o]
OPCD S X0 Rc
OPCD S X0 1
OPCD s X0 0
OPCD s X0 o
OPCD S X0 Rc
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OPCD s 00000 B X0 0

OPCD s 00000 | 00000 - X0 0

OPCD s 0 | SR | 00000 X0 0

OPCD s SH X0 Re

OPCD | crfD ~°~| L A B X0 0

OPCD | cfd |00 A B X0 0

OPCD | cfD |00 | eorfs | 00| 00000 X0 0

OPCD cfd | 00| 00000 | 00000 X0 0

OPCD | efD [ 00| 00000 MM o X0 Re

OPCD TO A B X0 0

OPCD D 100000 B X0 Rc

OPCD D 00000 | 00000 X0 Rc

OPCD crbD 00000 | 00000 X0 Re

OPCD | 00000 A B X0 0

OPCD | 00000 | 00000 B X0 0

OPCD | 00000 | 00000 | 00000 X0 0

Specific Instructions

Name 0 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
andx 31 S A B 28 Rc
andcx 31 S A B 60 Rc|
cmp| 31 cfD |O]L A B 0 0
cmpl| 31 ofd |0]L A B 32 0
cntlzdx ! 31 s A 58 Rc
cntlzwx 31 S A 26 Rc
dcba 26| 31 A B 758 0
debf| 31 A B 86 0
debidl 31 A B 470 0
dcbst| 31 A B 54 0
dcbt| 31 A B 278 0
debtst| 31 A B 246 0
dchz| 31 A B 1014 0
eciwx 31 D A. B 310 0
ecowx 31 S A B 438 0
eleio| 31 | 00000 | 00000 854 0
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eqvx 31 S A B 284 Rc|
extsbx 31 S A 954 Re
extshx 31 S A 922 Rc
extswx ! 31 S A 986 Rc
fabsx| 63 D X B 264 Re
fcfidx ! 63 D B 846 Re
fcmpo 63 criD B 32 0
fcmpu 63 criD B 0 0
fctidx ! 63 D B 814 Rc
fetidzx ! 63 D B 815 R
fctiwx| 63 D B 14 Re
fctiwzx 63 D B 15 Rc
fmrx 63 D B 72 Re
fnabsx 63 D B 136 Rc|
fnegx 63 D B 40 Rc|
frspx 63 D ' 00 B 12 Rc
icbi| 31 0000 A B 982 0
Ibzux 31 D A B 119 0
lbzx| 31 D A B 87 0
Idarx ! 31 D A B 84 0
Idux ! 31 D A B 53 0
ldx ! 31 D A B 21 0
Ifdux 31 D A B 631 0
Ifdx 31 D A B 599 0
lfsux| 31 D A B 567 0
ifsx| 31 D A B 535 0
thaux| 31 D A B 375 0
lhax| 31 D A B 343 o
lhbrx| 31 D A B 790 o
lhzux| 31 D A B 311 0
lhzx| 31 D A B 279 0
Iswi 4 31 D A NB 597 0
Iswx 4 31 D A B 533 0
Iwarx| 31 D A B 20 o
Iwaux ! 31 D A B 373 0
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lwax ' 31 D A B 341 0
lwbrx 31 D A B 534 0
Iwzux 31 D A B 55 0
lwzx 31 D A B 23 0
merfs 63 ofd | 00| cfS | 00| 00000 64 0
merxr| 31 cfD | 00| 00000 | 00000 512 0
mfcr| 31 D 00000 | 00000 19 0
mffsx 63 D 00000 | 00000 . 583 R
mfmsr®| 31 D 00000 | 00000 83 0
mfsr 35 31 D 0 SR 00000 595 0
mfsrin 35 31 D 00000 B 659 0
mtfsh0x 63 crbD ~.00000 70 Rc
mtfsb1x 63 orfD £1°00000° 38 Re
mtfsfix 63 obD | 00| 00000 134 Re
mtmsr 35 31 S 00000 146 0
mtmsrd '3 31 s 00000 178 0
mtsr 35 31 S 0 SR 210 0
mtsrd 3° 31 S 0 SR 82 0
mtsrin 35 31 S 00000 B 242 0
mtsrdin 3° 31 S 00000 B 114 0
nandx 31 S A B 476 Rc
norx 31 S A B 124 Rc|
orx 31 S A B 444 Rc|
orcx 31 S A B 412 Rc
sibia 123| 31 0 00! 498 0
slbie 23| 31 B 434 o
sldx 31 B 27 Rc
slwx 31 S A B 24 Rc|
sradx 31 S A B 794 Rc
srawx 31 S A B 792 Rc
srawix 31 S A SH 824 Re
srdx’ 3 S A B 539 R
SIwWXx 31 S A B 536 Rc
stbux 31 S A B 247 0
stbx 31 S A B 215 0
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stdex. ! 31 S A B 214 1
stdux ! 31 S A B 181 o
stdx ! 31 s A B 149 0
stfdux 31 s A B 759 0
stfdx 31 s A B 727 [o
stfiwx 2 31 S A B 983 0
stfsux 31 S A B 695 0
stfsx| 31 s A B 663 0
sthbrx| 31 s A B 918 0
sthux| 31 s A B 439 0
sthx| 31 s A B 407 o
stswi 4 31 s A NB 725 0
stswx 4 31 s A B 661 0
stwbrx| 31 s A B 662 o
stwex. 31 S A B 150 1
stwux| 31 s A B 183 0
stwx| 31 s A B 151 0
sync| 31 ) 0 598 o
td!] 31 68 o
tibia238| 31 370 o
tibie 28 31 306 o
tibsync23| 31 [ 00000 566 0
tw| 31 TO B 4 )
xorx 31 S B 316 Rc
Notes:
1 64-bit instruction
2 Optional instruction
3 Supervisor-level instruction
4 Load/store string/multiple instruction
5 Optional 64-bit bridge instruction
6 32-bit instruction not implemented by the PowerPC 750
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Table A-37. XL.-Form

OPCD BO BI 00000 X0 LK|
OPCD crbD crbA crbB X0 0
OPCD efd [00 | efS | 00| 00000 X0 0
OPCD | 00000 | 00000 | 00000 X0 0

Specific Instructions

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
beetrx| 19 BO BI 00000 528 LK
belrx 19 BO BI 00000 16 LK
crand 19 crbD crbA crbB 257 0
crandc 19 crbD crbA crbB 129 0
creqv 19 crbD crbA crbB 289 0
crnand 19 crbD crbA crbB 225 0
crnor 19 crbD ~ CrbA crbB 33 0
cror 19 crbD crbA crbB 449 0
crorc 19 crbD crbA crbB 47 0
crxor 19 CrbA crbB 193 0
isync 19 00000 | 000 150 0
merf 19 ) edS (00| 00 0 0
it 19 o | o0oooo | o000 50 0
rfid 3 19 | ooo000 18 0
Notes:
1 Supervisor-level instruction
2 Optional 64-hit bridge instruction
8 64-bit instruction
Table A-38. XFX-Form
OPCD D spr X0 0
OPCD D 0 CRM 0 X0 0
OPCD s ‘ spr X0 0
OPCD D tor X0 0
Specific Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mfspr? r 31 | D spr 339 l Ol
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mftb 31 D tbr 371 0

mtcrf| 31 s 0 CRM o 144 0

mtspr ! 31 D spr 467 0

Note:
1 Supervisor- and user-level instruction

Table A-39. XFL-Form

| orco |of FM [o] B I X0 IR

Specific Instructions

Name © 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

mtistx| 63 o] FM o] B | 711 lre]
Table A-40. XS-Form

| OPCD | s | A | sh | X0 |sh|Rc,

Specific Instructions
Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

sradix ! I 31 | S | A | sh | 413 |sh ch|

Note:
1 64-bit instruction

Table A-41. XO-Form

OPCD D A B OF X0 Rc
OPCD D A B o X0 Rc
OPCD 000 X0 Re

Specific Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
addx 31 D A B OE 266 Rc
addcx 31 D A B OE 10 Rc
addex 31 D A B OE| 138 Re
addmex 31 D A 234 Rc|
addzex 31 D A 202 Rc
divdx’ 31 D A 489 Rc
divdux’ 31 D A B OE 457 Re
divwx 31 D A B OE 491 Re|
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divwux 31 D A B OE| 459 Rc|
muthdx ! 31 D A B 0 73 Rc
mulhdux’ 31 D A B 0 9 Rc
mulhwx 31 D A B 0 75 Rc|
mulhwux 31 D A B 0 11 Rc
mulldx 31 D: A B OE 233 Re
mullwx 31 D A B OF 235 Re
negx 31 D A 0 000 104 Re
subfx 31 D A B 40 Rc|
subfcx 31 D A B OE 8 R
subfex 31 D A B OE 136 Rc
subfmex| 31 D A : 232 Re
subfzex 31 D A 200 Rc
Note:

1 64-bit instruction

Table A-42. A-Form

OPCD D A X0 Rc|
OPCD D A X0 Re
OPCD D A X0 Rc
OPCD D 000 ()'9 o X0 Rc

Specific Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
faddx 63" D A B 21 Rc
faddsx 59 D A B 21 Rc
fdivx 63 D A B 18 Rc|
fdivsx 59 D A B 1 18 Re
fmaddx 63 D A B C 29 Re
fmaddsx 59 D A B (o} 29 Re
fmsubx 63 D A B Cc 28 Rc
fmsubsx 59 D A B o] 28 Re
fmulx 63 D A (o} 25 Rc|
fmulsx 59 D A C 25 Re
fnmaddx 63 D A B C 31 Rc|
fnmaddsx 59 D A B C 31 Re
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fnmsubx 63 D B C 30 Rc|
fnmsubsx 59 D B c 30 Re
fresx! 59 D B 00 24 Re
frsqrtex ! 63 D B 26 Rc|
fselx ! 63 D B 23 Rc
fsqrtx 12 63 D B 22 Rc
fsqrtsx 12 59 D B 22 Rc|
fsubx 63 D B 20 Re|
fsubsx 59 D B 20 Rc|
Note:
1 Optional instruction
2 32-pit instruction not implemented by the PowerPC 750
Table A-43. M-Form
OPCD S A SH MB ME Rc
OPCD S A B MB ME Re
Specific Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
riwimix 20 S A SH MB ME Rc|
riwinmx 21 S A SH MB ME Re
riwnmx 23 S A B MB ME Rc
Table A-44. MD-Form
OPCD S A sh mb XO {sh|Rc
OPCD S A sh me XO |sh|Rc|
Specific Instructions
Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ridicx ! 30 S A sh mb 2 |shjRe
ridiclx ! 30 S A sh mb 0 [sh[Rc
ridicrx ! 30 s A sh me 1 |sh|Rc
ridimix ! 30 S A sh mb 3 sh(Rc
Note:
1 64-bit instruction -
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Table A-45. MDS-Form

OPCD S A B mb X0 Rc
OPCD S A B me X0 Rc

Specific Instructions

Name 0 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

ridelx? 30 s A B mb 8 Re

riderx 30 S A B me 9 Rc
Note:

1 64-bit instruction
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A.5 Instruction Set Legend

Table A-46Table A-47 provides general information on the PowerPC instruction set (such
as the architectural level, privilege level, and form).

Table A-46. PowerPC Instruction Set Legend

UISA VEA OEA Supervisor Level Optional Form
addx X0
addcx X0
addex X0
addi . D
addic
addic.
addis
addmex X0
addzex X0
andx X
andcx X
andi. D
andis. D
bx |
bex B
beetrx XL
belrx XL
cmp X
cmpi D
cmpl X
cmpli D
cntlzwx X
crand XL
crandc XL
creqv XL
crnand XL
crnor XL
cror XL
crorc XL
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Table A-46. PowerPC Instruction Set Legend (Continued)

UISA VEA OEA Supervisor Level Optional Form

crxor XL

dcba

dcbf

dcbi

dcbt

dcbtst

X
X
X
dcbst X
X
X
X

dcbz

divwx X0

divwux X0

eciwx

ecowx

eieio

eqvx

extsbx

extshx

fabsx

faddx

faddsx

fcmpo

fempu

fetiwx

fetiwzx

fdivx

fdivsx

fmaddx

fmaddsx

fmrx

fmsubx

fmsubsx

fmulx

PI>|2|>2 | XI2|2|2]|P2|X|X]|X]|X]|P]IP]X]|X]|X]|X]|X]|X]X

fmulsx
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Table A-46. PowerPC Instruction Set Legend (Continued)

UISA VEA OEA

Supervisor Level

Optional

Form

fnabsx

fnegx

fnmaddx

fnmaddsx

fnmsubx

fnmsubsx

fresx

frspx

frsqrtex

fselx

fsqrtx

fsqrtsx

fsubx

fsubsx

icbi

X122 >2|2|X|>]|>|>]>]|>»} X

isync

x
Fal

Ibz

Ibzu

Ibzux

Ibzx

Ifd

Ifdu

Ifdux

Ifdx

Ifs

Ifsu

Ifsux

Ifsx

lha

lhau

lhaux

lhax

XIX]|O|O| X|X]|]O}O|X|X]|O|O|X|X}0|O
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Table A-46. PowerPC Instruction Set Legend (Continued)

UISA VEA OEA Supervisor Level Optional Form
lhbrx X
Ihz D
lhzu D
lhzux X
lhzx X
Imw 2 D
Iswi 2 X
Iswx 2 X
lwarx X
Iwbrx X
lwz D
lwzu D
Iwzux X
lwzx X
merf XL
merfs X
merxr X
mfer X
mffs X
mfmsr X
mfspr! XFX
mfsr X
mfsrin X
mftb XFX
mtcrf XFX
mtfsb0x X
mtfsb1x X
mtfsfx XFL
mtfsfix X
mtmsr . X
mtspr! XFX
mtsr X
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Table A-46. PowerPC Instruction Set Legend (Continued)

UISA

VEA

OEA

Silpervisor Level

Optional

Form

mtsrin

mulhwx

mulhwux

mulli

mullwx

nandx

negx

norx

orx

orcx

ori

oris

rfi

riwimix

riwinmx

rlwnmx

sc

w
(@]

slwx

srawx

srawix

Srwx

stb

stbu

stbux

stbx

stfd

stfdu

stfdux

stfdx

stfiwx

stfs

stfsu

OO X|X[|X|O|O}I X X]|OJO| X| X| X]| X
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Table A-46. PowerPC Instruction Set Legend (Continued)

UISA VEA OEA Supervisor Level Optional Form

stfsux

x

stfsx

sth

sthbrx

sthu

sthux

sthx

stmw 2 .

stswi 2

stswx 2

stw

stwbrx

stwex.

stwu

stwux

stwx

XIX|O}I X X]JO| X X]|O|X|X]|]O|X]|]O]| X

subfx

=
(o]

subfex

x
(e}

subfex X0

subfic D

subfmex XO

subfzex X0

sync

tibiax

tibiex

tw

twi

X
X
X
tibsync X
X
D
X

xorx
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Table A-46. PowerPC Instruction Set Legend (Continued)

UISA VEA OEA Supervisor Level Optional Form
xori D
xoris D
Notes:

1 Supervisor- and user-level instruction

2 Load/store string or multiple instruction

3 Optional instruction provided to support temporary 64-bit bridge

4 Defined for the 32-bit architecture and by the temporary 64-bit bridge

Table A-47. PowerPC Instruction Set Legend
uisA | VEA | oea | Supervisor 63;?;‘ g;‘if;te Optional | Form

addx X0
addex X0
addex X0
addi
addic
addic.
addis
addmex X0
addzex X0
andx X
andcx X
andi. D
andis. D
bx |
bex B
beetrx XL
belrx XL
cmp X
cmpi D
cmpl X
cmpli D
cntizdx X
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Table A-47. PowerPC Instruction Set Legend (Continued)

uisa | VEA | oea s"ﬁi;‘gﬁ“ Gg;?;‘ g:;:g; Optional | Form
cntlzwx X
crand ‘ XL
crandc ) XL
creqv XL
crnand XL
crnor XL
cror . XL
crorc XL
crxor XL
dcba® X
dcbf X
dcbi X
dcbst X
dcbt X
dcbtst X
dcbz X
divdx X0
divdux X0
divwx X0
divwux X0
eciwx X
ecowx X
eieio X
eqvx X
extsbx X
extshx X
extswx X
fabsx X
faddx A
faddsx A
fefidx X
fempo X
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Table A-47. PowerPC Instruction Set Legend (Continued)

UISA

VEA

OEA

Supervisor
Level

64-Bit
Only

64-Bit
Bridge

Optional

Form

fempu

fetidx

fetidzx

fetiwx

fetiwzx

fdivx

fdivsx

fmaddx

fmaddsx

fmrx

fmsubx

fmsubsx

fmulx

fmulsx

fnabsx

fnegx

fnmaddx

fnmaddsx

fnmsubx

fnmsubsx

fresx

frspx

frsqrtex

fselx

tsqrtx 3

fsqrtsx 3

fsubx

fsubsx

icbi

X222 2|2]|2|X|2]|2|P]|2|2|X|X]|P2|>2]|2]2]|X]|2]|2]|>2]|>]|X]|X]|X]X]|X

isync

x
pal

Ibz

o

Ibzu
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Table A-47. PowerPC Instruction Set Legend (Continued)

Supervisor 64-Bit 64-Bit

UISA VEA OEA Level Only Bridge

Optional Form

Ibzux

Ibzx

2
jv)
(7]

x

Idarx

Idu

O
n

Idux

Idx

Itd

Ifdu

Ifdux

Ifdx

Ifs

Ifsu

Ifsux

Ifsx

lha

lhau

lhaux

lhax

lhbrx

lhz

lhzu

Thzux

lhzx

Imw

Iswi 2

X|X|JO|X|X|O|O| X|X|X|]O|O|X|X]|]O|O|X|X]|O]|O| X]|X

Iswx 2

O
[

lwa

Iwarx

lwaux

lwax

X| X[ X]| X

Iwbrx
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Table A-47. PowerPC Instruction Set Legend (Continued)

uisa | vea | oEea S“'l’_:l‘;ils“ eg;?;t g;‘if;; Optional | Form
lwz D
lwzu D
Iwzux X
Iwzx X
merf XL
mcrfs X
merxr X
mfer X
mifs X
mfmsr X
mfspr ! XFX
misr ¢ X
mfsrin 4 X
mftb XFX
mterf XFX
mtfsbOx X
mtfsb1x X
mtfsfx XFL
mifsfix
mtmsr 4
mtmsrd
mtspr ! XFX
mtsr 4 X
mtsrd ¢
mtsrdin 4 X
mtsrin ¢ X
mulhdx X0
mulhdux X0
mulhwx X0
mulhwux X0
mulldx X0
mulli D
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Table A-47. PowerPC Instruction Set Legend (Continued)

uisA | VEA | oEA S“'I’_Z;‘le” 63;?;‘ g;‘;j:; Optional | Form
mullwx XO
nandx X
negx X0
norx X
orx X
orcx X
ori D
oris D
rfi 4 XL
rfid XL
ridelx MDS
riderx MDS
ridicx MD
ridiclx MD
ridicrx MD
ridimix MD
riwimix
riwinmx M
riwnmx ) M
sc sC
slbia X
slbie X
sldx X
slwx X
sradx X
sradix XS
srawx X
srawix X
srdx X
srwx X
stb D
stbu D
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Table A-47. PowerPC Instruction Set Legend (Continued)

UISA

VEA

OEA

Supervisor
Level

64-Bit
Only

64-Bit
Bridge

Optional

Form

stbux

stbx

std

O
w

stdex.

x

stdu

lw)
(]

stdux

stdx

stfd

stfdu

stfdux

stfdx

stfiwx

stfs

stfsu

stfsux

stfsx

sth

sthbrx

sthu

sthux

sthx

stmw 2

stswi 2

stswx 2

stw

stwbrx

stwex.

stwu

stwux

stwx

X|IX|O|IX|XJO|IX|X|O|IX]|X|O|X|O|X|X|O|O|X|X]|X|O|O| X]X

subfx

x
(o]

subfex

x
(0]
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Table A-47. PowerPC Instruction Set Legend (Continued)

Supervisor 64-Bit 64-Bit

UISA VEA OEA Level Only Bridge

Optional Form

subfex X0

subfic D

subfmex X0

subfzex XO

sync

td

tdi

tibiax®

tibiex

tibsync

tw

twi

Xorx

xori

OJO| X]O| XX X|X]|]O}| X] X

xoris

Notes:

1 Supervisor- and user-level instruction

2| oad/store string or multiple instruction

3 32-bit instruction not implemented by the PowerPC 750 -
4 Instruction is optional for 64-bit implementations only
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Appendix B
Instructions Not Implemented

B.1 Lists of Instructions

This appendix provides a list of the 32-bit and 64-bit PowerPC instructions that are not
implemented in the PowerPC 750 microprocessor. Note that any attempt to execute
instructions that are not implemented on the 750 will generate an illegal instruction
exception. Note that exceptions are referred to as interrupts in the architecture specification.

Table B-1 provides the 32-bit PowerPC instructions that are optional to the PowerPC
architecture but not implemented by the 750.

Table B-1. 32-Bit Instructions Not Implemented

Mnemonic Instruction
dcba ' Data Cache Block Allocate
fsqrt Floating Square Root (Double-Precision)
fsqrts Floating Square Root Single
tibia TLB Invalidate All

Table B-2 provides a list of 64-bit instructions that are not implemented by the 750.

Table B-2. 64-Bit Instructions Not Implemented

Mnemonic Instruction
cntlzd Count Leading Zeros Double Word
divd Divide Double Word
divdu Divide Double Word Unsigned
extsw Extend Sign Word
fcfid Floating Convert From Integer Double Word
fctid Floating Convert to Integer Double Word
fetidz Floating Convert to Integer Double Word with Round toward Zero
Id Load Double Word
Idarx Load Double Word and Reserve Indexed
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Table B-2. 64-Bit Instructions Not Implemented (Continued)

Mnemonic Instruction
Idu Load Double Word with Update
Idux Load Double Word with Update Indexed
ldx Load Double Word Indexed
Iwa Load Word Algebraic
lwaux Load Word Algebraic with Update Indexed
Iwax Load Word Algebraic Indexed
mtmsrd Move to Machine State Register Double Word
mtsrd Move to Segment Register Double Word
mtsrdin Move to Segment Register Double Word Indirect
mulld Multiply Low Double Word
mulhd Multiply High Double Word
mulhdu Multiply High Double Word Unsigned
ridcl Rotate Left Double Word then Clear Left
rider Rotate Left Double Word then Clear Right
ridic Rotate Left Double Word Immediate then Clear
ridicl Rotate Left Double Word Immediate then Clear Left
ridier Rotate Left Double Word Immediate then Clear Right
ridimi Rotate Left Double Word Immediate then Mask Insert
slbia SLB Invalidate All
slbie SLB Invalidate Entry
sid Shift Left Double Word
srad Shift Right Algebraic Double Word
sradi Shift Right Algebraic Double Word Immediate
srd ' Shift Right Double Word
std Store Double Word
stdex. Store Double Word Conditional Indexed
stdu Store Double Word with Update
stdux Store Double Word Indexed with Update
stdx Store Double Word Indexed
td Trap Double Word
tdi Trap Double Word Immediate
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Glossary of Terms and Abbreviations
G.1 Alphabetical List

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.

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 exponeni 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) O, 1, 2, 3, with O
being the most-significant byte. See Little-endian.

Block. (Memory) An area of memory that ranges from 128 Kbyte to 256
Mbyte whose size, translation, and protection attributes are
controlled by the BAT mechanism (see Cache Block).
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Boundedly undefined. A characteristic of certain operation results 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.

Branch folding. The replacement with target instructions of a branch

instruction and any instructions along the not-taken path when a
branch is either taken or predicted as taken.

Branch prediction—The process of guessing whether a branch will be

taken. Such predictions can be correct or incorrect; the term
‘predicted’ as it is used here does not imply that the prediction is
correct (successful). The PowerPC architecture defines a means for
static branch prediction as part of the instruction encoding.

Branch resolution—The determination of whether a branch is taken or not

taken. A branch is said to be resolved when the processor can
determine which instruction path to take. If the branch is resolved as
predicted, the instructions following the predicted branch that may
have been speculatively executed can complete (see completion). If
the branch is not resolved as predicted, instructions on the
mispredicted path, and any results of speculative execution, are
purged from the pipeline and fetching continues from the
nonpredicted path.

Burst. A multiple-beat data transfer whose total size is typically equal to a

cache block.

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

instructions (subset of main memory).
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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.

Clear. To cause a bit or bit field to register a value of zero. See also Set.

Completion—Completion occurs when an instruction has finished
executing, written back any results, and is removed from the
completion queue. When an instruction completes, it is guaranteed
that this instruction and all previous instructions can cause no
exceptions.

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.
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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.

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.

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

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.

Fall-through (branch fall-through)—A not-taken branch. On the PowerPC
750, fall-through branch instructions are removed from the
instruction stream at dispatch. That is, these instructions are allowed
to fall through the instruction queue via the dispatch mechanism,
without either being passed to an execution unit and or given a
position in the completion queue.
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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

Flush. An operation that causes a modified cache block to be invalidated and
the data to be written to memory.

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.

G 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.

H Harvard architecture. An architectural model featuring separate caches for
instruction and data.

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

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

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.
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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.

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.

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

Integer unit. A functional unit in the 750 responsible for executing integer
instructions. '

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.

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

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

M 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.

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.

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

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
and quiet NaNs.

No-op. No-operation. A single-cycle operation that does not affect registers
or generate bus activity.
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Normalization. A process by which a floating-point value is manipulated
such that it can be represented in the format for the appropriate
precision (single- or double-precision). For a floating-point value to
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 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.

Packet. A term used in the 750 with respect to direct-store operations.

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.
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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.

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

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.
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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.

S 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.

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
exception when it is specified as arithmetic operands. See Quiet
NaN.

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.

Slave. The device addressed by a master device. The slave is identified in the
address tenure and is responsible for supplying or latching the
requested data for the master during the data tenure.

Snooping. Monitoring addresses driven by a bus master to detect the need for
coherency actions.

Snoop push. Write-backs due to a snoop hit. The block will transition to an
invalid or exclusive state.
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Split-transaction. A transaction with independent request and response
tenures.

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

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

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

Supervisor mode. The privileged operation state of 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.

T Tenure. A tenure consists of three phases: arbitration, transfer, termination.
There can be separate address bus tenures and data bus tenures.

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.

Transaction. A complete exchange between two bus devices. A transaction
is minimally comprised of an address tenure; one or more data
tenures may be involved in the exchange.

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

User mode. The operating state of a processor used typically by application
software. In user mode, software can access only 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 muitiple
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.

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.

W 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.
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FP compare instructions 2-43, A-21
FP load instructions A-24
FP move instructions A-25
FP multiply-add instructions 2-42, A-20
FP operand 2-30
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A-21
FP store instructions 2-52, A-25
FP unavailable exception 4-21
FPSCR instructions 2-44, A-21
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NI bit 2-29

G

GBL (global) signal 7-13
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DPM enable bit 10-2
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description 2-13
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configuration 3-4
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instruction flow diagram 6-10
instruction serialization 6-17
instruction serialization types 6-17
instruction set summary 2-31

I instructions not implemented B-1
IABR (instruction address breakpoint register) integer
2-8 arithmetic 2-38, A-17
Index - 4 IBM PowerPC 740 / PowerPC 750 RISC Microprocessor User’s Manual



compare 2-39, A-18
load A-22
load/store multiple A-23
load/store string A-24
load/store with byte reverse A-23
logical 2-40, A-18
rotate and shift 2-40, A-19
store A-23
integer instructions 6-33 -
isync 4-12
latency summary 6-31
load and store
address generation
floating-point 2-51
integer 2-46
byte reverse instructions 2-49, A-23
floating-point load A-24
floating-point move 2-44, A-25
floating-point store 2-51
handling misalignment 2-45
integer load 2-46, A-22
integer multiple 2-49
integer store 2-47, A-23
memory synchronization 2-59, 2-61, A-
24
multiple instructions A-23
string instructions 2-50, A-24
lookaside buffer management instructions
A-28
memory control instructions 2-62, 2-66
memory synchronization instructions 2-59,
2-61, A-24
PowerPC instructions, list A-1, A-9, A-17
processor control instructions 2-55, 2-60,
2-65, A-27
reserved instructions 2-34
rfi 4-11
segment register manipulation instructions
A-28
SLB management instructions A-28
stwex. 4-12
support for lwarx/stwcx. 8-39
sync 4-12
system linkage instructions 2-55, A-26
TLB management instructions A-28

tlbie 2-67

tlbsync 2-67

trap instructions 2-55, A-26
INT (interrupt) signal 7-21, 8-38
Integer arithmetic instructions 2-38, A-17
Integer compare instructions 2-39, A-18
Integer load instructions 2-46, A-22
Integer logical instructions 2-40, A-18
Integer rotate/shift instructions 2-40, A-19
Integer store gathering 6-26
Integer store instructions 2-47, A-23
Integer unit execution timing 6-24
Interrupt, external 4-20
ISI exception 4-19
isync 2-62, 4-12
ITLB organization 5-25

K
Kill block operation 3-27

L

L1/L.2 interface operation, see Cache
L2ADDRnN (L2 address) signals 7-25
L2CE (L2 chip enable) signals 7-26
L2CLK_OUTA (L2 clock out A) signal 7-27
L2CLK_OUTB (L2 clock out B) signal 7-27
L2CR (L2 cache control register) 2-24, 9-5
L2DATAnN (L2 data) signals 7-25
L2DPn (L2 data parity) signals 7-26
L2SYNC_IN (L2 sync in) signal 7-28
L2SYNC_OUT (L2 sync out) signal 7-27
L2WE (L2 write enable) signal 7-27
1277 (L2 low-power mode enable) signal 7-28
Latency

load/store instructions 6-36
Latency, definition 6-2
Load/store

address generation 2-46

byte reverse instructions 2-49, A-23

execution timing 6-25

floating-point load instructions 2-51, A-24

floating-point move instructions 2-44, A-
25

floating-point store instructions 2-52, A-25

Index

Index - 5



handling misalignment 2-45
integer load instructions 2-46, A-22
integer store instructions 2-47, A-23
latency, load/store instructions 6-36
load/store multiple instructions 2-49, A-23
memory synchronization instructions A-24
string instructions 2-50, A-24

Logical address translation 5-1

Logical instructions, integer A-18

Lookaside buffer management instructions A-

28
LR (link register) 2-3
Iwarx/stwcx. support 8-39

M

Machine check exception 4-17
MCP (machine check interrupt) signal 7-21
MEI protocol
hardware considerations 3-9
read operations 3-23
state transitions 3-31
Memory accesses 8-6
Memory coherency bit (M bit)
cache interactions 3-6
timing considerations 6-27
Memory control instructions
description 2-62, 2-66
segment register manipulation A-28
SLB management A-28
Memory management unit
address translation flow 5-12
address translation mechanisms 5-9, 5-12
block address translation 5-9, 5-12, 5-21
block diagrams
32-bit implementations 5-6
DMMU 5-8
IMMU 5-7
exceptions summary 5-16
features summary 5-3
implementation-specific features 5-2
instructions and registers 5-18
memory protection 5-11
overview 1-12, 5-2
page address translation 5-9, 5-12, 5-28
page history status 5-12, 5-21-5-25
real addressing mode 5-12, 5-20

segment model 5-21
Memory synchronization instructions 2-59, 2-
. 61,A-24
Misalignment
misaligned accesses 2-29
misaligned data transfer 8-19
MMCRnN (monitor mode control registers) 2-
14, 4-23,11-3
MSR (machine state register)
bit settings 4-8
FEO/FEL1 bits 4-10
IP bit 4-13
PM bit 2-4
RI bit 4-11
settings due to exception 4-12
Multiple-precision shifts 2-41
Multiply-add instructions A-20

N
No-DRTRY mode 8-37

0

OEA
exception mechanism 4-1
memory management specifications 5-1
registers 2-4
Operand conventions 2-28
Operand placement and performance 6-25
Operating environment architecture (OEA) 1-
21
Operating environment architecture (OEA)
Xxviii
Operations
bus operations caused by cache control in-
structions 3-24
cache operations 3-1
data cache block push 3-22
enveloped high-priority cache block push
3.22
instruction cache block fill 3-21
read operation 3-23
response to snooped bus transactions 3-27
single-beat write operations 8-32
Optional instructions A-41, A-47
Overview 1-1

Index - 6

IBM PowerPC 740 / PowerPC 750 RISC Microprocessor User’s Manual



P

Page address translation
definition 1-12
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PowerPC architecture
instruction list A-1, A-9, A-17
operating environment architecture (OEA)
1-21
operating environment architecture (OEA)

xxviii
user instruction set architecture (UISA) 1-
21
user instruction set architecture (UISA)
XXVii
virtual environment architecture (VEA) 1-
21
virtual environment architecture (VEA)
Xxviii
Priorities, exception 4-4
Process switching 4-12
Processor control instructions 2-55, 2-60, 2-65,
A-27
Program exception 4-20
Program order, definition 6-2
Programmable power states
doze mode 10-2
full-power mode with DPM enabled/dis-
abled 10-2
nap mode 10-3
sleep mode 10-4
Protection of memory areas
no-execute protection 5-14
options available 5-11
protection violations 5-16
PVR (processor version register) 2-5

Q

QACK (quiescent acknowledge) signal 7-24
QREQ (quiescent request) signal 7-23, 8-39
Qualified bus grant 8-10

Qualified data bus grant 8-22

R

Read operation 3-27
Read-atomic operation 3-27
Read-with-intent-to-modify operation 3-27
Real address (RA), see Physical address gen-
eration
Real addressing mode (translation disabled)
data accesses 5-12, 5-20
instruction accesses 5-12, 5-20
support for real addressing mode 5-2
Referenced (R) bit maintenance recording 5-

Index
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12, 5-22, 5-31
Registers

implementation-specific

ICTC 2-21, 10-11

L2CR 2-24,9-5

MMCRO 2-14, 4-23, 11-3

MMCRI1 2-16, 4-23, 11-5

SIA 2-20, 4-23

THRMn 2-21, 10-7

UMMCRO 2-15

UMMCRI1 2-16

UPMCn 2-20

USIA 2-20
performance monitor registers 2-14
programming mode] 2-2
SPR encodings 2-58
supervisor-level

BAT registers 2-5

DABR 2-7

DAR 2-6

DEC 2-7

DSISR 2-6

EAR 2-7

HIDO 2-9, 10-2

HID1 2-13

TIABR 2-8

ICTC 2-21, 10-11

L2CR 2-24,9-5

MMCRO 2-14, 4-23, 11-3

MMCRI1 2-16, 4-23, 11-5

" MSR 2-4
PMC1 and PMC2 1-26
PMCn 2-16, 4-23

FPSCR 2-3
GPRNn2-3
LR 2-3
time base (TB) 2-4, 2-6
UMMCRO 2-15
UMMCRI 2-16
UPMCn 2-20
USIA 2-20, 11-11
XER 2-3
Rename buffer, definition 6-2
Rename register operation 6-17
Reservation station, definition 6-2
Reserved instruction class 2-34
Reset
HRESET signal 7-23, 8-39
reset exception 4-13
SRESET signal 7-23, 8-39
Retirement, definition 6-2
rfi 4-11
Rotate/shift instructions 2-40, A-19
RSRYV (reserve) signal 7-24, 8-39

S
SDRI register 2-5
Segment registers
SR description 2-5
SR manipulation instructions 2-67, A-28
Segmented memory model, See Memory man-
agement unit

- Serializing instructions 6-17

Shift/rotate instructions 2-40, A-19
SIA (sampled instruction address) register 2-

PVR 2.5 ‘ 20, 4-23, 11-10
SDRI 25 Signals___

- AACK7-14
SIA 2-20, 4-23, 11-10 ABB 7-5. 8-10
SPRGn 2-6 ) address arbitration 7-4, 8-10
SPRs for performance monitor 11-1 address transfer 8-14
SRn 2-5 ) .
SRRO/SRR1 2-6 il,cwlr7e~s75 transfer attribute 8-15
THRMn 2-21, 10-7 APN7-7
time base (TB) 2-6 ARTRY 7-14. 8-24

user-level " ’
BG 7-4, 8-10

g?Rz'; . BR 7-4, 8-10
FPRP é 3 checkstop 8-38

i Cl7-12
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CKSTP_IN/CKSTP_OUT 7-22
CLK_OUT 7-29
configuration 7-3

COP/scan interface 8-40

data arbitration 8-10, 8-21
data transfer termination 8-24
DBB 7-16, 8-10, 8-22
DBDIS 7-19

DBG 7-15, 8-10

DBWO 7-16, 8-10, 8-23, 8-41
DHn/DLn 7-17

DPn7-18

DRTRY 7-20, 8-24, 8-27
GBL 7-13

HRESET 7-23

INT 7-21, 8-38

L2 cache interface signals 7-25
L2ADDRN 7-25

L2CE 7-26

L2CLK_OUTA 7-27
L2CLK_OUTB 7-27
L2DATAN7-25

L2DP 7-26-

L2SYNC_IN 7-28
L2SYNC_OUT 7-27

L2WE 7-27

1277 7-28

MCP 7-21

PLL_CFGn 7-30

power and ground signals 7-30
QACK 7-24

QREQ 7-23, 8-39

reset 8-39

RSRV 7-24, 8-39

SMI 4-25, 7-21

SRESET 7-23, 8-39

system quiesce control 8-39
TA 7-19

TBEN 7-24

TBST 7-12, 8-16, 8-23

TEA 7-20, 8-24, 8-28
TLBISYNC 7-25

transfer encoding 7-9

TS7-6

TSIZn7-11, 8-15

- TTn7-8, 8-15
WT 7-13
Single-beat transfer
reads with data delays, timing 8-33
reads, timing 8-31-
termination 8-24
writes, timing 8-32
SLB management instructions A-28
SMI (system management interrupt) signal 4-
25,7-21
Snooping 3-25
Split-bus transaction 8-11
SPRGn registers 2-6
SRESET (soft reset) signal 7-23, 8-39
SRRO/SRR1 (status save/restore registers)
description 2-6
exception processing 4-7
Stage, definition 6-2
Stall, definition 6-3
Static branch prediction 6-9, 6-22
stwex. 4-12
Superscalar, definition 6-3
sync 4-12
SYNC operation 3-27
Synchronization
context/execution synchronization 2-36
execution of rfi 4-11
memory synchronization instructions 2-59,
2-61, A-24
SYSCLK (system clock) signal 7-29
System call exception 4-21
System linkage instructions 2-55, 2-65
list of instructions A-26
System management interrupt 4-25, 10-1
System quiesce control signals (QACK/
QREQ) 8-39
System register unit
execution timing 6-27
latency, CR logical instructions 6-32
latency, system register instructions 6-31

T
TA (transfer acknowledge) signal 7-19

Table search flow (primary and secondary) 5-
31
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TBEN (time base enable) signal 7-24
TBL/TBU (time base lower and upper) regis-
ters 2-4, 2-6
TBST (transfer burst) signal 7-12, 8-16, 8-23
TEA (transfer error acknowledge) signal 7-20,
8-28
Termination 8-19, 8-24
Thermal assist unit (TAU) 10-6
Thermal management interrupt exception 4-26
THRMn (thermal management) registers 2-21,
10-7
Throughput, definition 6-3
Timing considerations 6-7
Timing diagrams, interface
address transfer signals 8-14
burst transfers with data delays 8-35
L2 cache SRAM timing 9-9
single-beat reads 8-31
single-beat reads with data delays 8-33
single-beat writes 8-32
single-beat writes with data delays 8-34
use of TEA 8-36
using DBWO 8-41
Timing, instruction
BPU execution timing 6-18
branch timing example 6-23
cache hit 6-12
cache miss 6-15
execution unit 6-18
FPU execution timing 6-24
instruction dispatch 6-16
instruction flow 6-8
instruction scheduling guidelines 6-29
IU execution timing 6-24
latency summary 6-31
load/store unit execution timing 6-25
overview 6-3
SRU execution timing 6-27
stage, definition 6-2
TLB
description 5-25 .
invalidate (tlbie instruction) 5-27, 5-34
LRU replacement 5-27
organization for ITLB and DTLB 5-25
TLB miss and table search operation 5-26,
5-30

TLB invalidate

description 5-27

TLB management instructions 2-67, A-28
TLB miss, effect 6-28
tlbie 2-67
TLBISYNC (TLBI sync) signal 7-25
tlbsync 2-67
Transactions, data cache 3-22
Transfer 8-14, 8-23
Trap instructions 2-55
TS (transfer start) signal 7-6, 8-14
TSIZn (transfer size) signals 7-11, 8-15
TThn (transfer type) signals 7-8, 8-15

U
UMMCRO (user monitor mode control register
0)2-15, 11-5
UMMCRI (user monitor mode control register
1) 2-16, 11-6
UPMCn (user performance monitor counter)
registers 2-20, 11-10
Use of TEA, timing 8-36
User instruction set architecture (UISA)
description 1-21
registers 2-3
User instruction set architecture (UISA)
description xxvii
USIA (user sampled instruction address) regis-
ter 2-20, 11-11
Using DBWO, timing 8-41

Vv

Virtual environment architecture (VEA) 1-21
Virtual environment architecture (VEA) xxviii

W

WIMG bits 8-28

Write-back, definition 6-3

Write-through mode (W bit)
cache interactions 3-6

Write-with-Atomic operation 3-27

Write-with-Flush operation 3-27

Write-with-Kill operation 3-27

WT (write-through) signal 7-13

X
XER register 2-3
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