





























































































































































































































































































































































































































































































































small amount of unnecessary snoop operations is sent up the memory hierarchy to the
processor assumed to be holding the reservation and a small amount of system bus
bandwidth is lost to unnecessary retries.

8.8.2.3 Iwarx/stwcx. Address-Only Operation

An lwarx/stwex. address-only operation should meet several criteria. Most importantly, it
should not cause abnormal system behavior in systems designed around the 601 and only
sampling TT[0—4]. For this reason they have been mapped to operations such as clean block
and flush block that are innocuous from a system perspective. This yields the TT[0—4]
encodings shown in Table 8-2.

Table 8-2. Transfer Type Settings for Iwarx/stwex. Address-Only Operation

TT[0-4] Cycle
00001 Set Iwarx address.
00010 Clear reservation address.

8.8.2.4 Software Implications

Bus traffic should be considered when system software deals with semaphores.
Noncacheable semaphores incur no additional overhead because all Iwarx/stwcx.
operations are broadcast anyway. However, if the semaphore was in the cache, cacheable
semaphores may cause additional address-only bus cycles for each Ilwarx instruction
executed. Likewise, write-back, cacheable semaphores may cause additional address-only
bus cycles for each stwex. operation. This small overhead may dictate some software
considerations if Iwarx/stwex. are used frequently. For example, to reduce bus bandwidth
for heavily-used semaphores, something like the following test and test and set operation
may be needed:

loop: 1d m,S
cmpi m, VAL
bee loop
Iwarx m,S
ops as required
stwcx. m,S
bne loop.

The preceding operation may be more useful than the following test and set operation:

loop: Iwarx m,S
ops as required
Stwcex. rm,S

bne loop.
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Appendix A
Processor Summary

This section provides an overview of the different functionality of the PowerPC 601, 603
and 604 processors. The 603 supports coherent memory, but does not explicitly support
multiprocessors or L2 caches. The 601 and 604 support both multiprocessing
configurations and L2 caches. Table A-1 summarizes differences in bus and memory

coherency behavior between the 60x processors.

Table A-1. Bus and Memory Coherency Behavior Summary

Functionality

601

603

604

Cache set element (bits)

3

1

2

Linefill strategy

Critical quad word

Critical double word

Critical double word

Cache coherency protocol MESI MEI MESI
Broadcast cache operations Yes No Yes
TLBI on bus Yes No Yes
TLBISYNC SYNC bus operation TLBISYNC input signal | TLBSYNC bus
operation
ICBI on bus N/A No Yes
(extra TT operation)
EIEIO on bus SYNC bus operation No EIEIO bus operation
No-DRTRY mode No No-DRTRY mode No-DRTRY/data

streaming mode

Clocking

Direct, with phase inputs
(PCLK_EN, BCLK_EN)

PLL

PLL

Window of opportunity usage Varies Snoop push only Snoop push only
Snoop push buffering Varies Dedicated Dedicated

Fast push after ARTRY if parked Yes No No

High priority push (input signal) Yes No No

Read with no intent to cache No Yes Yes

Timing of ARTRY/SHD restore A B B

(see notes at end of signal tables)

Broadcast Iwarx indicator on cache hit |No No Yes
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Table A-1. Bus and Memory Coherency Behavior Summary (Continued)

Functionality 601 603 604

Slight differences in TC encodings — — —

Data bus disable signal No Yes Yes

TA required during last DRTRY No Yes Yes

Snoop response signals ARTRY, SHD ARTRY ARTRY, SHD

Misaligned within double word that No Yes Yes

crosses word causes two accesses

Time base source RTC input System clock System clock

Time base enable RTC TBEN TBEN

Power management —_ Several modes Nap mode

Power management signals — QREQ, QACK RUN, HALTED

DBWO only with pending read Nothing Transfer read Transfer read

Data mirroring on CI writes Yes No Unspecified

Early ARTRY data tenure termination | No Yes Yes

Processor ID value in PIO From PID register Zero From PID register

Snoop for misplaced PIO reply Yes No No

32-bit data transfer mode No Yes No

Reduced pinout mode No Yes No

CKSTP_OUT asserted, outputs high No Yes Yes

impedance for CKSTP_IN assertion

Optional machine check for checkstop | No Yes Yes

condition

Cancel reservation on snooped RWITM | Yes No Yes

Snoop nonglobal transactions for No Yes No

reservation cancellation

stwex. treated as write-through No Yes No

WT state on snoop push See Section 2.4.7, See Section 2.4.7, See Section 2.4.7,
“Transfer Code (TCn)— | “Transfer Code (TCn)— | “Transfer Code (TCn)—
Output” Output” Output”

Differences in programming model (for example, implementation-specific special-purpose
registers) are described in the user’s manual for each device.
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Appendix B
Processor Clocking Overview

This appendix provides a short overview of clocking on the PowerPC 60x processors.
Detailed information is provided in each processor’s user’s manual and hardware
specifications.

B.1 PowerPC 601 Microprocessor Clocking

The 601 requires an input clock, 2X_PCLK, which operates at twice the processor rate. In
addition, it requires the PCLK_EN signal, which defines the phase of the internal processor
clock, and the BCLK_EN signal, which likewise determines the phase of the internal bus
clock, both relative to positive edges of the input clock. Figure B-1 illustrates the clocks for
the 601, with the bus clock enable selected to run at half the processor frequency.

2X_PCLK
PCLK_EN
PCLK (internal)

BCLK_EN

Bus Clock Cycles [ l

Figure B-1. PowerPC 601 Processor Clocking

See the PowerPC 601 RISC Microprocessor User’s Manual and PowerPC 601 RISC
Microprocessor Hardware Specifications for more information.
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B.2 PowerPC 603 and PowerPC 604 Microprocessor
Clocking

The 603 and 604 clocks are derived by internal phase-locked loops (PLL) which lock onto
the positive edge of the bus clock input. In a given system, it is required that the bus clock
operate at a constant frequency, so the PLL can maintain its lock.

BUS_CLK
PCLK_STRAP(0)
PCLK_STRAP(1)
PCLK_STRAP(2)

| PROC_CLK
BUS_CLK_INT

Figure B-2. PowerPC 603 and PowerPC 604 Processor Clock Generation

Clock selection inputs on the chips are sampled at reset to determine the clock ratio at
which the part operates. The condition of these inputs also programs the VCO to operate
within its proper range. The 603 and 604 can operate with a variety of bus-and-processor
clock frequency ratios. This functionality is described generally in the user’s manuals and
more specifically in the hardware specifications.
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Appendix C
Processor Upgrade Suggestions

This appendix provides upgrade suggestions for the PowerPC 601, PowerPC 603, and
PowerPC 604 processors.

C.1 PowerPC 601 Processor Upgrade to 60x
The recommended approach to disable the 601 when a 60x processor is plugged into an

upgrade socket is as follows:

* Apply HRESET for at least 300 processor clock cycles. This causes all outputs to be
placed in high-impedance state and put Os in all internal latches and registers. The
HRESET signal can be held active longer if desired, but the minimum is 300 cycles.

* Deactivate the 2X_PCLK or PCLK_EN. This stops the processor and minimize any
dynamic power.

e Hold TST16 low to ensure that all OCDs remain in a high-impedance state.

All other test signals should be connected as specified in the PowerPC 601 RISC
Microprocessor Hardware Specifications.

C.2 PowerPC 603 Processor Upgrade to 604 or 60x

Figure C-1 illustrates the recommended connection that allows a 603 to upgrade to a 604
(and potentially other future 60x chips).
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Upgrade Socket
CKSTP_IN Bus Signals

275 CKSTP_OUT,

UPGRADE_SENSE +
603
Al CKSTP_IN
System Checkstop
CKSTP_OUT

Figure C-1. PowerPC 603 to PowerPC 604 Processor Upgrade Option

A designer should consider the following:

The upgrade socket has 604 pinout.

Pin 275 is ordinarily an OGND pin. Instead of connecting it to ground, use it as
negative true output UPGRADE_SENSE to indicate presence of upgrade processor.

Put a pull-up resistor on UPGRADE_SENSE.
On BGA module, use any ground as upgrade sense.

If the system does not use CKSTP_IN, use a pull-up resister. A gate is not required.
If the system does not sample CKSTP_OUT, multiplexing is unnecessary.

TCn, TSIZn, TBST,g, WT, GBL, SHD, ARTRY, DBG, DBWO, DBB, DH, DL,
DBDIS, DPn, DPE, TA, DRTRY, TEA, INT, SMI, MCP, SRESET, HRESET, RSRV,
TBEN, and SYSCLK.

Upgrade socket provides RUN input. The 603 has no equivalent function.

Upgrade socket provides HALTED output. The 603 has no equivalent function.

603 has QREQ and QACK. There are no corresponding signals on upgrade.
No connection necessary on CLKOUT (test only).
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CKSTP_IN is referred to as CKSTP on earlier versions of the 603. Likewise,
CKSTP_OUT is referred to as CHECKSTOP.

Processors may have different strappings on PLL_CFG. Programmability on the
upgrade socket is recommended.

ANALOG VDD inputs on the two processors should each have dedicated filter
network.

Connection of TRST, TDI, TDO, TMS, and TCK is a function of system JTAG
testing requirements.

Pull-up L1_TEST_CLK, L2_TEST_CLK, and LSSD_MODE on the 603 and
L1_TEST_CLK, L2_TEST _CLK, LSSD_MODE, and ARRAY_WR on the
upgrade socket.

C.3 PowerPC 604 Processor Upgrade to 60x

The following describes the recommended connection to provide for upgrades from 604 to
future processors:

Pin 275 is ordinarily an OGND signal. Instead of connecting it to ground, use it as
negative true output UPGRADE_SENSE to indicate presence of upgrade processor.

Put a pullup resistor on UPGRADE_SENSE.
On BGA module, use any ground as upgrade sense

If the system does not use the CKSTP_IN input, use a pull-up resister. A gate is not
required.

Connect the following signals in parallel: BR, BG, TS, XATS, ABB, A[0-31],
AACK, APn, APE, TTn, TCn, TSIZn, TBST, CI, WT, GBL, SHD, ARTRY, DBG,
DBWO, DBB, DH, DL, DBDIS, DPn, DPE, TA, DRTRY, TEA INT, SMI, MCP,
SRESET, HRESET, RSRV, TBEN, and SYSCLK.

No connection necessary for CLKOUT (test only).

Processors may have different strappings on PLL_CFG. Programmability on
upgrade socket is recommended.

ANALOG VDD inputs on the two processors should each have dedicated filter
network.

Connection of TRST, TDI, TDO, TMS, and TCK is a function of system JTAG
testing requirements.

Pull up L1_TEST_CLK, L2_TEST_CLK, LSSD_MODE, and ARRAY_WR on
both processors.
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Appendix D
L2 Considerations for the PowerPC 604
Processor

This L2 cache reduces the average memory access time for each processor and partitions
bus traffic between the various buses. In addition to keeping most of the individual
processor bus traffic off of the system bus, this arrangement can screen memory coherency
snoop traffic, keeping it off of individual processor buses. This section discusses the use of
an L2 cache controller in a system configuration shown in Figure D-1.

604

60x Bus

L2

System Bus

Figure D-1. L2 Cache Controller Organization
The system bus may use a 60x bus or a bus of some other design. Methods of designing a
system with an L2 cache are as follows:

* No snoop filtering—The simplest approach to an L2 system design is to not filter
snoop activity. This is not practical for multiprocessor systems.

» Keeping a copy of L1 tags—Keeping a copy of the L1 tags in the L2 cache allows a
system address to be compared against the L1 tags and the L2 tags in parallel. If
neither directory matches, the processor/L2 cache complex is not involved in the
current bus transaction and does not need to intervene in the operation. Typically,
intervention implies assertion of either SYS-ARTRY or SYS-SHD.

* Maintaining L1 state and tags—Keeping a copy of the L1 tags and recording
whether the cache block is in the S or E state allows the L2 cache to filter more snoop
traffic from the processor than by saving the L1 state alone.
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» Simple L1 inclusion—L1 inclusion requires that an address cannot be in the L1
cache unless it is in the L2 cache. Ensure that the contents of the L1 cache are a
subset of the contents of the L2 cache.

* Marked L1 inclusion—In addition to guaranteeing inclusion, marked inclusion
keeps more information about when an L2 cache entry is also in the L1 cache. The
advantages of marked L1 inclusion over simple L1 inclusion include being able to
do a better job of snoop filtering and reducing the amount of back invalidations.

For each of these approaches (except the simplest case of performing no snoop filtering),
each description includes the following:

¢ Requirements for saving state information—Information about the kind and amount
of state information that must be maintained.

* Operations required for processor bus operations—Information regarding
operations that are necessary to maintain consistency between the L1 and L2 caches.

» System bus operation forwarding to the processor—A description of the system bus
operations must be passed to the processor for each configuration.

Note that the prefix SYS distinguishes system bus signals from 60x signals with the same
name. For example, the system bus counterpart to the 60x signal SHD is SYS-SHD.

D.1 Unfiltered Snooping

The simplest way to design in an L2 cache is to not filter snoop operations. The L2 cache
responds to snoop requests from the system bus after first passing the snoop request through
to the L1 cache.This following design issues should be considered:

e If the processor’s L1 cache has a second tag port dedicated to snooping, the
processor is not staiied for unnecessary snoops. This is true for the 601 and 604 bui
not for the 603.

* The time the external address bus is busy with unnecessary snoops is not a
significant portion of the address bandwidth required by the processor. A
multiprocessor system cannot meet this condition practically; however, a
single-processor system can meet the condition if DMA address bandwidth is low.

D.2 Keeping a Copy of L1 Tags

Keeping a copy of the L1 tags in the L2 cache allows a system address to be compared
against the L1 tags and the L2 tags in parallel. If neither directory matches, the
processor/L2 cache complex is not involved in the current bus transaction and does not need
to intervene. Typically, intervention implies assertion of either SYS-ARTRY or SYS-SHD.

If only the L2 tag matches, the L2 cache must intervene. If an L1 tag matches, the system
address must be passed to the processor so it can respond. After the processor responds and
completes any necessary snoop response, the system bus operation can be rerun against the
possibly-changed state of the L2 cache.
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D.2.1 Requirements for Saving State Information

This approach requires the implementation of a set of cache tags and comparators to
maintain the addresses in the primary cache. For separate 16-Kbyte instruction and data
caches, each cache directory must have 4 by 128 entries of a valid bit and 20 tag bits, for a
combined total of 21 Kbits and eight 21-bit comparators. The valid bit is assumed to be
implemented as a seven-transistor cell, as it should be cleared at power-up for repeatability
and testing. Because this resource is a small fraction of the total tag required for a 1-Mbyte
L2 (approximately 256 Kbits), it easily can be placed in the same controller. This tag array
must be able to read a tag and valid bit, to write a tag and valid bit, and compare a tag and
valid bit against an address (and assumed one valid bit).

A second state requirement is a set of registers with associated comparators per register
(termed the copy-back address registers) to hold addresses displaced from the L1 tags that
need snooping. One such register is needed for each copy-back buffer on the processor.
These registers need only be able to write and compare. Reading them is unnecessary.

D.2.2 Operations Required for Processor Bus Operations

Apart from the memory required, the L2 cache must determine when a replacement
operation has been performed by the L1 cache. This determination together with the cache
set information allows the L2 to update the L1 directory copy so as to insert the new address
information. Therefore, the following processor bus operations must be decoded and dealt
with as indicated.

« Read, RWITM, read atomic, RWITM atomic—Provided the cache inhibit (CI)
signal is not asserted, the tag is allocated in the L1 directory as indicated by the
CSEn signals and address. Additionally, in the 604 these allocations must indicate
whether they have caused a data and address pair to be transferred into a copy-back
buffer.

Note that the 601 position is that the cache directory model must be increased in
associativity by as many buffers as exist. For example, the 604 would require a
four-way instruction cache model and ‘4+1’ data cache model. It is referred to as
‘441’ because it is not truly a five-way model since groups 0-3 are selected by CSE,
group 4 is replaced by the evicted tag.

» Kill block—TCO asserted distinguishes kill block operations that deallocate cache
entries (caused by DCBI cache operations) from kill block operations that allocate
entries in the L1 cache (caused by DCBZ cache operations) or retain a cache entry
(a store to a shared entry). Likewise, kill-block operations as a result of a DCBZ
operation must also indicate (through TC2) whether an entry has been placed in a
copy-back buffer.

Whenever an allocation is generated by the processor that uses a copy-back buffer,
the previous L1 directory entry must be saved into a copy-back address register. The
use of these registers is simple first-in/first-out. It is unnecessary to copy the valid

bit from the tag directory into the address register, but for repeatability and testing,
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it is useful to have in the copy-back address registers a valid bit that is initialized to
invalid at power-up and loaded with the valid bit from the tag array when an address
is copied into one of these registers.

The copy-back address registers could strictly have their valid bit reset whenever a
write-with-kill operation matches (which indicates the castout operation is
occurring), but this is an optimization that is probably unnecessary. The copy-back
address register is more likely to be reloaded with another displaced tag from the L1
than it is to detect a match on the system bus side.

D.2.3 Forwarding System Bus Operations to the Processor

When a system bus operation (with SYS-GBL asserted) occurs on the system bus, it is
compared against both the copy of the L1 directory and the copy-back address registers. If
there is a match, the system bus operation must be forwarded onto the processor to
determine the final outcome. If no match occurs, the addressed data does not reside in the
processor and so can complete. Note that this does not address the match in L2 case, which
is a separate issue.

However, instead of simply loading the valid bit of the L1 directory shadow with a one
when an allocation is detected, it could be loaded with the value of the GBL signal.
Comparisons against system bus operations (which were marked as SYS-GBL) would still
compare the valid bit read from the tag arrays against one. This automatically maximizes
use of the information supplied on the GBL signal.

Note the following discussion of system bus operations is concerned with snoop filtering,
and hence memory-accessing operations. Clearly operations such as TLBIE and SYNC that
do not involve memory accesses are not filtered and are passed to the processor unchanged.

D.3 Maintaining L1 State and Tags

An alternative to simply keeping the tags of an L1 cache is to keep state information about
the L1 cache, namely whether the cache line is in the S or E state. Keeping this information
allows the L2 cache to filter even more snoop traffic from the processor.

Because some transitions, such as E to M, are invisible outside the processor, maintaining
an identical copy of the L1 cache block state is impossible. Thus, the L1 directory copy is
restricted to keeping the following range of states, I, S, and EX. The EX state describes both
cases of the processor having the data exclusively (M and E). EX implies simply valid but
not shared and does not distinguish whether the data has been modified with respect to main
memory or to the L2 cache.
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D.3.1 Requirements for Saving State Information

The only state additional to that for the simple copy of tags structure required is a single
state bit. The tag entry for the data cache now looks like 4 by 128 entries of a valid bit,
shared/exclusive bit, and 20 tag bits, which requires only an extra 1/2 Kbits. However, it is
likely that the increase would be 1 Kbits since probably the same macrocell would be used
in the instruction and data halves of the L1 copy.

D.3.2 Operations Required for Processor Bus Operations

Logic must detect not only whether a tag matches in the L1 directory copy for a system bus
operation, but also the type of intervention required and whether it must be passed to the
processor before it can complete. This logic is on the critical path for the snoop access,
because it must be determined whether SYS-ARTRY or SYS-SHD needs to be asserted in
response to the system bus operation.

Along with operations monitored for L1 tag maintenance, the cases in Table D-1 need to be
distinguished.

Table D-1. Operations Required for Processor Bus Operations

Bus Operation | Allocate/Deallocate Action

Read, read Allocate as per State loaded as S if SYS-SHD was asserted or EX if SYS-SHD was

atomic discussion above negated. It is assumed that the value of SHD reflects the value of
SYS-SHD sampled, which is practical in a single-processor system. In a
multiprocessor system, it may be desirable to always assert SHD on a
read regardiess of the state of SYS-SHD.

RWITM, RWITM | Allocate as per State loaded as EX.

atomic discussion above

Write with kill Allocate State goes to EX (or S, see below).

Write with kill Deallocate State goes to INV. It may not match in L1 tag, and the address may already
be transferred into the copy-back address register.

Kill block Store into S cache | Allocate tag if necessary and state goes to EX.

block or allocate

Kill block Deallocate State goes to I.

ICBI — State goes to 1.

Flush block — State goes to .

Write with kill —_ Distinguished as with kill block. If TCO is asserted, the address is
deallocated from the cache; if TCO is negated, then it is retained in the
cache (there are no actual allocations associated with a write with kill). As
a further optimization, TC1 can be used to determine the final L1 cache
state for a write with kil (allocate). If TC1 is asserted, the cache state is S
and if it is negated, the cache state is E; the L1 state should be setto S or
EX, respectively.

Appendix D. L2 Considerations for the PowerPC 604 Processor




D.3.3 Forwarding System Bus Operations to the Processor

If an L1 tag entry was marked as S, for system read operations (a fairly common
occurrence) the L2 controller can directly respond with the SYS-SHD signal without
requiring an access to the processor’s cache. This not only reduces processor-to-L.2 address
bus interference, it also improves the system bus bandwidth, as the system bus operation
would not need to be retried during interrogation of the processor’s L1 cache. Whenever the
L1 tag state is E or whenever something other than a simple read operation is performed on
the system bus, the operation passes to the processor to determine the final outcome.

D.4 Simple L1 Inclusion

L1 inclusion requires that when an address is not in the L2 cache, it is also not in the L1
cache. Although this functionally is the same as saying that an address cannot be in the L1
cache unless it is in the L2 cache, the first definition more closely reflects how L1 inclusion
is implemented.

The simplest approach to L1 inclusion in an L2 cache is to require that whenever something
is discarded from the L2 cache, to ensure that it is also discarded from the L1 cache through
a back invalidation. In this discussion, the L2 cache is assumed to use four-state MESI
protocol. Simplifications to a three-state protocol are trivial.

D.4.1 Requirements for Saving State Information

Simple L1 inclusion requires the same tags and state as is needed to implement the L.2. Note
that the state information can be kept across the L2 cache block or per-coherency granule.

D.4.2 Operations Required for Processor Bus Operations

The operations performed and monitored to maintain L1 inclusion are like ihose required
for maintaining L1 tags (See Section D.3.2, “Operations Required for Processor Bus
Operations.”) However, as is discussed below, there is no need to be concerned with the
indication that a copy-back buffer is being used.

When an allocation is performed by the L1 cache, the L2 cache must also ensure that a tag
is allocated. Before allocation of a tag in the L2, a back invalidation (flush block or
RWITM) for each coherency granule removed must be sent to the processor. These back
invalidations cause either a snoop miss or hit.

For a snoop miss, the L1 cache has replaced that entry (either previously or for the current
allocation) and no further work is needed. Only when snoop push-backs required for all
removed granules are completed can the old tag be removed from the L2 directory and the
fetch for the new tag begin. The replacement of a tag from the L2 may itself require a
copy-back to main memory. Whether the copy-back is buffered is independent from the
maintenance of the inclusion.

D-6 PowerPC Microprocessor Family: The Bus Interface for 32-Bit Microprocessors



Allocation operations for L2 inclusion are decoded like those required for maintaining L1
tag copies. With L1 inclusion however, there is no need to monitor the L1 cache’s use of its
copy-back buffers because the back invalidations force any modified data replaced to be
copied back to the L2 level (if not all the way to main memory) before the fetch operations
can proceed, thereby reducing the benefit of copy-back buffers in such an environment.

The data cache block allocated in an L2 cache can be larger than that in the L1 cache, in
which case multiple back-invalidation operations to- the L1 cache may be required
whenever a tag is deallocated in the L2 cache, depending upon whether subblocking is
implemented. This increases the latency of such operations and must be weighed against
the hit rate advantages of such a configuration.

D.4.3 Forwarding System Bus Operations to the Processor
If L1 inclusion is assured, the following scenarios can be considered:

» The system bus operation does not match in the L2 directory. In this case, there can
be no copy in the L1 cache, so the system bus operation requires no intervention.

* The address matches in the cache and is in E or M state. In this case, the system bus
operation must be retried and the operation must be forwarded to the processor
cache because it may have a more up-to-date copy of the data.

* The address matches in the cache and is in the S state. In this case, for the simple
case of a read/read-atomic operation, SYS-SHD needs to be asserted only. Other
operations may require retrying, even if the data is only state S, as it is reasonable to
wait until the operation completes at the processor before letting it complete on the
system bus.

D.5 Marked L1 Inclusion

In addition to guaranteeing inclusion, marked inclusion keeps more information about
when an L2 cache entry is also in the L1 cache. Viewed narrowly, it is only necessary to
require that when an entry is marked as not in the L1 cache, that it in fact not be present. It
is acceptable to assume an entry is in the L1 when it is in fact not. Without maintaining a
structure that mimics the L1 directory, it is hard to closely match entries marked as included
in the L1 with those that actually are. Marked L1 inclusion offers reduction of back
invalidations and more efficient snoop filtering than simple L1 inclusion.

D.5.1 Requirements for Saving State Information

The included state for a tag is typically independent of the coherency states supported by
the L2 cache; for example, both a shared and an exclusive data entry can be present or not
in the L1 cache. Inclusion information is most easily kept on a 32-byte coherency granule
(doing otherwise may complicate some mechanisms with no large benefit). Consider the
extra state required for a 1-Mbyte L2 cache; for such a configuration, the additional
memory required is 32 Kbits.
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D.5.2 Operations Required for Processor Bus Operations

The operations performed to maintain marked L1 inclusion are like those required for
simple L1 inclusion. When an allocation is performed by the L1 cache, the L2 cache must
also ensure that a tag is allocated and that the inclusion bit for the accessed 32-byte granule
is set (that this bit might already be set if a processor discarded this block without being
detected). Before an L2 cache tag can be allocated, it must be inspected. If the tag contains
address granules for which the inclusion bit is set, a back invalidation for each granule must
be sent to the processor. If they do not, the tag can be removed directly, assuming that the
data is copied back to main memory as required by the state indicated for the cache blocks.
The old tag can be removed from the L2 directory and the fetch for the new tag can begin
only when the snoop push-backs required for all included granules are completed. As with
simple inclusion, replacing a tag from the L2 may require a copy-back to main memory.

The inclusion bit is reset whenever a processor bus operation is performed, which visibly
removes an entry from the L1 cache. These operations are as follows:

»  Write with kill (deallocate)—A cache castout operation or a snoop response in
which the L1 cache state goes to invalid, so the inclusion bit can be reset.

 Kill block (deallocate)—The result of dcbi instruction, L1 cache state goes to
invalid, so the inclusion bit can be reset.

¢ ICBI—The result of an icbi instruction, L1 cache state goes to invalid, so the
inclusion bit can be reset.

Other operations indicate an entry has been removed from the L1 cache; in particular read
operations. However, because it is not easy to determine for which L2 cache block to reset
the inclusion bit, L2 inclusion bits can only approximate the actual L1 contents.

The cxact L2 set index to use can be determined only by creating a structure like the L1
directory that can track both the L1 set index and the L1 group entry information. This
structure could be simpler than the L1 directory because it needs no comparator and
because it requires only an L2 index entry rather than a tag. However, adding this structure
to marked L1 inclusion requires more resources and is needlessly more complicated than
simply implementing an L2 cache with a copy of the L1 tag and state information.

D.5.3 Forwarding System Bus Operations to the Processor
When a system bus operation is run, the cases of interest are as follows:

* Snoop miss—Because of L1 inclusion, there is no need to pass the operation onto
the processor.

» Snoop hit with inclusion bit reset—There is also no need to pass the operation to the
processor.

* Snoop hit with inclusion bit set—The operations are identical to simple L1 inclusion
operations.
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Appendix E

Coherency Action Tables

The tables in this appendix describe the behavior of the 60x bus when certain operations

are presented to the bus. These tables describe the difference in how the bus operates
depending upon such factors as the WIM bit settings, the current MESI state, the setting of
the transfer type signals (TT[0—4]), and the signals that are presented as the result of the

operation (ARTRY and SHD) being snooped on the bus.

The tables in this appendix also indicate the difference in how specific 60x processors

respond to certain operations.

Abbreviations used in these tables are described in Table E-1.

Table E-1. Guide to Abbreviations

Abbreviation

Meaning

LRS

lwarx reservation set

RdA

Read atomic

RWITM

Read-with-intent-to-modify

RWITMA

Read-with-intent-to-modify-atomic

SBR

Single-beat read

SBRA

Single-beat read atomic

SBW

Single-beat write

WWF

Write-with-flush

WWFA

Write-with-flush-atomic

WWK

Write-with-kill

For a description of these operations and others listed in these tables, refer to Section 4.7,

“Descriptions of Bus Transactions and Snoop Responses.”
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E.1 Load Operations

Table E-2 indicates the behavior and response of 60x processors when a load operation is
presented to the system bus.

Table E-2. Coherency Actions—Load Operations

Cache Bus Snoo
Processor Res o:se Processor Response
WIM | MESI Operation | WIM3 | TT[0-4] P
000 |I 60x Read 000 |o01010 (None) Load block into cache
Forward data to perform load
603 RWITM 01110 Mark cache block E
60x Read 000 |01010 |SHD Load block into cache
Forward data to perform load
Mark cache block S
603 RWITM 01110 Load block into cache
Load from cache
Mark cache block E
60x Read 000 |o01010 ARTRY or | Release bus
: -l ARTRY&SHD | Retry operation
603 RWITM 01110
MES' | 60x (None) (n/a) | (n/a) (n/a) Load from cache
001 |! 60x Read 001 | 01010 (None) Load block into cache
Forward data to perform load
Mark cache block E
603 RWITM 01110 Load block into cache
Load from cache
Mark cache block E
60x Read 001 01010 |SHD Load block into cache
Forward data to perform load
Mark cache block S
603 RWITM 01110 Load block into cache
Load from cache
Mark cache block E
60x Read 001 01010 ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 RWITM 01110
MES' | 60x (None) (n/a) | (n/a) (n/a) Load from cache
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Table E-2. Coherency Actions—Load Operations (Continued)

Cache Bus Snoo
Processor Res or?se Processor Response
wim | MESI Operation | WIM? | TT[0-4] P
x1x |1 60x SBR W1iM | 01010 (None) or SHD | Load from main memory
603 RWITM 01110
60x SBR W1M | 01010 | ARTRY or Release the bus
: - | ARTRY&SHD | Retry the operation
603 RWITM 01110
ES' |60x SBR W1M | 01010 | (None) or SHD | Load from main memory
E 603 RWITM x1M 01110 (None) or SHD | Load from main memory
601 (None) (n/a) | (n/a) (n/a) Mark cache block |
Cache retry the operation
ES' |60x SBR W1M | 01010 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E 603 RWITM xIM | 01110 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 (n/a) (n/a) | (n/a) (n/a) (n/a)
M 60x SBR W1M | 01010 | (None) or SHD | Paradox®—cache should be |
Load from main memory
603 RWITM 01110
601 WWK 00110 (n/a) Flush the block
Mark cache block |
Cache retry the operation
60x SBR W1M | 01010 ARTRY or Paradox?—cache should be |
ARTRY&SHD | Release the bus
603 RWITM 01110 Retry the operation
601 WWK 00110
100 |1 60x Read 100 | 01010 (None) Load block into cache
: : Load from cache
603 RWITM 01110 Mark the cache block E
60x Read 100 | 01010 SH Load block into cache
Load from cache
Mark cache block S
603 RWITM 01110 Load block into cache
Load from cache
Mark cache block E
60x Read 100 |01010 ARTRY or Release the bus
e ARTRY&SHD | Retry the operation
603 RWITM 01110
MES' (None) (n/a) | (n/a) (n/a) Load from cache
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Table E-2. Coherency Actions—Load Operations (Continued)

Cache Bus Snoo
Processor Res or?se Processor Response
WIM | MESI Operation | WIM3 | TT[0-4] P
101 |1 60x Read 101 | 01010 (None) Load block into cache
Load from cache
603 RWITM 01110 Mark cache E
60x Read 101 | 01010 |SHD Load block into cache
Load from cache
Mark cache block S
603 RWITM 01110 Load block into cache
Load from cache
Mark cache block E
60x Read 101 | 01010 ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 RWITM 01110
MES" | 60x (None) (n/a) | (n/a) (n/a) Load from cache
Notes:

Because it does not implement shared state, these entries are not applicable to the 603.

2A coherency paradox to the processor may cause incoherent data to appear in the system. That is, there
is a potential for data integrity errors in the system.

8The WIM bits in this column are active-high representations of the active-low WT, CI, and GBL 60x bus
signals, respectively. Thus, a WIM = 101 value corresponds to 60x signal value of WT, CI, GBL = 010.
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E.2 Store Operations

Table E-3 describes the behavior of the 60x bus in response to store operations.

Table E-3. Coherency Actions—Store Operations

Cache Bus Snoo
Proc. Res or?se Processor Response
WIM | MESI Operation | WIM | TT[0-4] P
000 |1 60x RWITM 000 |01110 (None) or SHD | Load block into cache
Store to cache
Mark cache M
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
s! 60x Kill 000 ] 01100 | (None) or SHD | After kill is successfully presented:
Store to cache
Mark cache block M
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E 60x (None) (n/a) | (n/a) (n/a) Store to cache
Mark cache block M
M 60x (None) (n/a) | (n/a) (n/a) Store to cache
001 |I 60x RWITM 001 | 01110 | (None) or SHD | Load block into cache
Mark cache block E
Store to cache
Mark cache block M
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
st 60x Kill 001 | 01100 | (None) or SHD | After kill is successfully presented:
Mark cache block E
Store to cache
Mark cache block M
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E 60x (None) (n/a) | (n/a) (n/a) Store to cache
Mark cache block M
M 60x (None) (n/a) | (n/a) (n/a) Store to cache

Appendix E. Coherency Action Tables




Table E-3. Coherency Actions—Store Operations (Continued)

Cache Bus Snoo
Proc. Resp o:s o Processor Response
WIM | MESI Operation | WIM | TT[0-4]
x1x || 60x WWF x1IM | 00010 | (None) or SHD | Store to main memory
601 ARTRY or Release the bus
ARTRY&SHD | Retry the operation
ES! |60x WWF xIM | 00010 | (None) or SHD | Paradox®—cache should be |
Store to main memory
601 (None) (n/a) | (n/a) (n/a) Mark cache block |
Cache retry the operation
60x WWF x1M | 00010 | ARTRY or Paradox’>—cache should be |
ARTRY&SHD | Release the bus
Retry the operation
601 (n/a) (n/a) | (n/a) (n/a) (n/a)
M 60x WWF xIM ]00010 | (None) or SHD | Paradox®—cache should be |
Store to main memory
601 WWK 00110 Flush the block
Mark cache block |
Cache retry the operation
60x WWF x1M | 00010 | ARTRY or Paradox?>—cache should be |
ARTRY&SHD | Release the bus
601 WWK 00110 Retry the operation
100 |1 60x WWF 100 | 00010 | (None)or SHD | Store to main memory
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
st (None) or SHD | Store to cache
Store to main memory
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E (None) or SHD | Store to cache
Store to main memory
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
M 60x WWF 00010 | (None) or SHD | Store into cache
Store into main memory
601 WWK 00110 Push the block
Mark cache block E
Cache retry the operation
60x WWF 00010 | ARTRY or Release the bus
o ARTRY&SHD | Retry the operation
601 WWK 00110
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Table E-3. Coherency Actions—Store Operations (Continued)

Cache Bus Snoo
Proc. Res o:se Processor Response
wiM | MESI Operation | WiM | TT[0-4] P
101 || 60x WWF 101 | 00010 | (None) or SHD | Write to main memory
(Note: no reload on a store miss)
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
st (None) or SHD | Store to cache
Store to main memory
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E (None) or SHD | Store to cache
Store to main memory
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
M 60x WWF 00010 | (None) or SHD | Store to cache
Store to main memory
601 WWK 00110 Push block
Mark cache block E
Cache retry the operation
60x WWF 00110 | ARTRY or Release the bus
e ARTRY&SHD | Retry the operation
601 WWK 00110
Notes:

Because it does not implement shared state, these entries are not applicable to the 603.

2A coherency paradox to the processor may cause incoherent data to appear in the system; that is, there
is a potential for data integrity errors in the system.
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E.3 LWARX Operations

Table E-4 describes the behavior of the 60x bus in response to LWARX operation generated
by the execution of an Iwarx instruction. Note that the reservation entry in this table refers
to reservations associated with the lwarx instruction.

Table E-4. Coherency Actions—LWARX Operations

Cache Bus Snoo
Proc. Reservation Respo :s " Processor Response
WIM | MESI Operation | WIM | TT[0-4]
000 |!I 60x RdA 000 | 11010 | Set by this op | (None) Load block into cache
603 RWITMA 11110 Load from cache
Mark cache block E
60x RdA 000 |11010 | Set by this op | SHD Load block into cache
Set reservation
Load from cache
Mark cache block S
603 RWITMA 11110 Load block into cache
Set reservation
Load from cache
Mark cache block E
60x RdA 000 |[11010 | (n/a) ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 RWITMA 11110
MES' | 60x LRS 000 | 00001 Set by this op | (None) or Set reservation
SHD Load from cache
601/603 (n/a) (n/a) | (n/a) (n/a)
60x LRS 000 | 00001 (n/a) ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601/603 (n/a) (n/a) | (n/a) (n/a) (n/a)
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Table E-4. Coherency Actions—LWARX Operations (Continued)

Cache Bus Snoo!
Proc. Reservation Respo r?s e Processor Response
WIM | MESI Operation | WIM | TT[0-4]
001 |1 60x RdA 001 | 11010 | Set by this op | (None) Load block into cache
Mark cache block E
603 RWITMA 11110 Set reservation
Load from cache
60x RdA 001 | 11010 | Set by this op | SHD Load block into cache
Set reservation
Load from cache
Mark cache block S
603 RWITMA 11110 Load block into cache
Set reservation
Load from cache
Mark cache block E
60x RdA 001 |11010 |(n/a) ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 RWITMA 11110
MES! | 60x LRS 001 | 00001 | Set by this op | (None) or Set reservation
SHD Load from cache
601/603 (n/a) (n/a) | (n/a) (n/a)
60x LRS 001 | 00001 (n/a) ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601/603 (n/a) (n/a) (n/a)
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Table E-4. Coherency Actions—LWARX Operations (Continued)

Cache Bus Snoo
Proc. Reservation Res o:s e Processor Response
wiM | MESI Operation | WIM | TT[0-4] P
xix || 60x SBRA x1M | 11010 | Set by this op | (None) or Set reservation
SHD Load from main memory
603 RWITMA 11110
60x SBRA x1IM | 11010 | (n/a) ARTRY or Release the bus
SO ARTRY&SHD | Retry the operation
603 RWITMA 11110
ES' |60x RdA x1M | 11010 | Set by this op | (None) or Set the reservation
SHD Load from main memory
603 RWITMA 11110
601 (None) (n/a) | (n/a) (n/a) (n/a) Mark cache block |
Cache retry the operation
60x RdA x1IM | 11010 | (n/a) ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 RWITMA 11110
601 (None) (n/a) | (n/a) (n/a) (n/a)
M 60x RdA x1M | 11010 | Set by this op | (None) or Paradox®—cache should be |
SHD Set the reservation
603 RWITMA 11110 Load from main memory
601 WWK 00110 | (n/a) Flush the block
Mark cache block |
Cache retry the operation
60x RdA x1IM | 11010 | (n/a) ARTRY or Paradox?>—cache should be |
ARTRY&SHD | Release the bus
603 RWITMA 11110 Retry the operation
601 WWK 00110
100 |1 6013 RdA 100 | 11010 | Set by this op | (None) Load block into cache
Set reservation
Load from cache
Mark cache block E
SHD Load block into cache
Set reservation
Load from cache
Mark cache block S
(n/a) ARTRY or Release the bus
ARTRY&SHD | Retry the operation
MES |6013 RdA (n/a) | (n/a) Set by this op | (n/a) Set reservation
Load from cache
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Table E-4. Coherency Actions—LWARX Operations (Continued)

Cache Bus Shoo!
Proc. Reservation Respor?se Processor Response
WIM | MESI Operation | WIM | TT[0-4]
101 |1 6013 RdA 101 11010 | Set by this op | (None) Load block into cache
Set reservation
Load from cache
Mark cache block E
SHD Load block into cache
Set reservation
Load from cache
Mark cache block S
(n/a) ARTRY or Release the bus
ARTRY&SHD | Retry the operation
MES |6013 (n/a) (nfa) | (n/a) Set by this op | (n/a) Set reservation
Load from cache
Notes:

Because it does not implement shared state, these entries are not applicable to the 603.

2A coherency paradox to the processor may cause incoherent data to appear in the system. That is, there is a
potential for data integrity errors in the system.

3An LWARX to a page marked write-through causes a DS exception; therefore, this transaction does not occur
on the bus.

E.4 STWCX Operations

Table E-5 describes the behavior of the 60x bus in response to STWCX operation generated
by the execution of an stwex. instruction. Note that the reservation entry in this table refers
to reservations set by the Iwarx instruction and cleared either by the stwcx. instruction or
by a snoop operation.

Table E-5. Coherency Actions—STWCX Operations

Cache Bus Snoo
Proc. Res. Res o:se Processor Response
WIM | MESI Operation | WIM | TT[0-4] P
000 |! 60x (None) (n/a) | (n/a) None (n/a) Update CR
60x RWITMA |000 |11110 |Yes (None) or Load block into cache
(and SHD Release the reservation
reset) Update CR
Store to cache
Mark cache M
603 WWFA 10010 Issue WWF on the bus
Release the reservation
Update CR
60x RWITMA | 000 11110 Yes ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 WWFA 10010
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Table E-5. Coherency Actions—STWCX Operations (Continued)

Cache Bus Snoo
Proc. Res. Resp or?s e Processor Response
WIM | MESI Operation | WIM | TT[0-4]
000 |S' 60x (None) (n/a) | (n/a) None (n/a) Update CR
Kill 000 |[01100 |Yes (None) or Atter kill is successfully presented:
(and SHD Release reservation
reset) Update CR
Store to cache
Mark cache block M
01100 | Yes ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E 60x (None) (n/a) | (n/a) None (n/a) Update CR
60x (None) (n/a) | (n/a) Yes (n/a) Release reservation
(and Update CR
reset) Store to cache
Mark cache block M
603 WWFA 000 | 10010 (None) or WWFA on the bus
SHD Wait for write to complete
Release reservation
Update CR
Store to cache
60x (None) (n/a) | (n/a) Yes (n/a) (n/a)
and
603 WWFA 000 |10010 1('eset) ARTRY or Release the bus
ARTRY&SHD | Retry the operation
M 60x (None) (n/a) | (n/a) None (n/a) Update CR
60x (None) (n/a) |(n/a) Yes (n/a) Release reservation
(and Update CR
reset) Store to cache
603 WWFA 000 | 10010 (None) or WWFA on the bus
Wait for write to complete
Release reservation
Update condition register
Store to cache
60x (None) (n/a) | (n/a) Yes(and | (n/a) (n/a)
reset)
603 WWFA 000 |10010 ARTRY or Release the bus
ARTRY&SHD | Retry the operation
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Table E-5. Coherency Actions—STWCX Operations (Continued)

Cache Bus Snoo
Proc. Res. Respor:)se Processor Response
WIM | MESI Operation | WIM | TT[0-4]
001 |I 60x (None) (n/a) | (n/a) None (n/a) Update CR
60x RWITMA | 001 11110 | Yes (None) or Load block into cache
(and SHD Release the reservation
reset) Update the CR
Store to cache
Mark cache M
603 WWFA 10010 Issue WWF on the bus
Release the reservation
Update the CR
60x RWITMA | 001 11110 | Yes ARTRY or | Release the bus
ARTRY&SHD | Retry the operation
603 WWFA 10010
s! 60x | (None) (n/a) | (n/a) None | (n/a) Update CR
Kill 001 01100 |Yes (None) or Release reservation
(and SHD Update CR
reset) Mark cache block E
Store to cache
Mark cache block M
Yes ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E 60x (None) (n/a) | (n/a) None (n/a) Update CR
60x (None) (n/a) | (n/a) Yes (n/a) Release reservation
(and Update CR
reset) Store to cache
Mark cache block M
603 WWFA 001 | 10010 (None) or WWFA on bus
SHD Wait for write to complete
Release reservation
Update CR
Store to cache
60x (None) (n/a) | (n/a) Yes (n/a) (n/a)
603 WWFA 001 10010 ARTRY or Release the bus
ARTRY&SHD | Retry the operation
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Table E-5. Coherency Actions—STWCX Operations (Continued)

Cache Bus Snoo
Proc. Res. Resp o:s " Processor Response
WIM | MESI Operation | WIM | TT[0-4]
001 (M 60x (None) (n/a) | (n/a) None (n/a) Update CR
60x (None) (n/a) |[(n/a) Yes (n/a) Release reservation
(and Update CR
reset) Store to cache
603 WWFA 001 10010 (None) or WWEFA on bus
SHD Wait for write to complete
Release reservation
Update CR
Store to cache
60x (None) (n/a) | (n/a) Yes (n/a) (n/a)
603 WWFA 001 | 10010 ARTRY or Release the bus
ARTRY&SHD | Retry the operation
xix |1 60x (None) (n/a) |(n/a) None (n/a) Update CR
WWFA x1M | 10010 |Yes (None) or Release reservation
(and SHD Update CR
reset) Store to main memory
Yes ARTRY or Release the bus
ARTRY&SHD | Retry the operation
ES' |60x (None) (n/a) | (n/a) None (n/a) Paradox2—cache should be |
Update CR
601 Mark cache block |
Cache retry the operation
60x | WWFA xIM |10010 | Yes (None) or Paradox?>—cache should be |
(and SHD Release reservation
reset) Update CR
Store to main memory
601 (None) (n/a) |(n/a) Mark cache blbck |
Cache retry the operation
60x WWFA x1M | 10010 | Yes ARTRY or Paradox?—cache should be |
ARTRY&SHD | Release the bus
Retry the operation
601 (n/a) (n/a) | (n/a) (n/a)
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Table E-5. Coherency Actions—STWCX Operations (Continued)

Cache Bus Snoo
Proc. Res. Res: orlnase Processor Response
WiM | MESI Operation | WIM | TT[0-4] P
x1x |M 60x (None) (n/a) | (n/a) None (n/a) Paradox?>—cache should be |
Update CR
601 WWK x1M (00110 (None) or Flush the block
SHD Mark cache block |
Cache retry the operation
60x (n/a) (n/a) | (n/a) None (n/a) (n/a)
601 WWK xiM [ 00110 ARTRY or Release the bus
ARTRY&SHD | Retry the operation
60x WWFA x1M | 10010 |Yes (None) or Paradox?—cache should be |
(and SHD Release reservation
reset) Update CR
Store to main memory
601 WWK 00110 Flush the block
Mark cache block |
Cache retry the operation
60x WWFA x1M | 10010 | Yes ARTRY or Paradox?>—cache should be |
ARTRY&SHD | Release the bus
: Retry the operation
601 WWK 00110
100 |1 6013 | (None) (n/a) | (n/a) None (n/a) Update CR
RWITMA |[100 |11110 |Yes (None) or Load block of data into cache
(and SHD Release reservation
reset) Update the CR
Store to cache
Mark cache M
(n/a) ARTRY or Release the bus
ARTRY&SHD | Retry the operation
S 6013 | (None) (n/a) | (n/a) (None) | (n/a) Update CR
Kill 100 |[01100 |Yes (None) or After kill is successfully presented:
(and SHD Release reservation
reset) Update CR
Store to cache
Mark cache block M
60x3 | (n/a) (n/a) | (n/a) Yes (n/a) See footnote 3
601 Kill 100 |01100 | (n/a) ARTRY or Release the bus
ARTRY&SHD | Retry the operation

Appendix E. Coherency Action Tables




Table E-5. Coherency Actions—STWCX Operations (Continued)

Cache Bus Snoo
Proc. Res. Res o:s e Processor Response
WIM | MESI Operation | WIM | TT[0-4] P
100 |E 6013 | (None) (nfa) | (n/a) None |ARTRY or Update CR
ARTRY&SHD
Yes (n/a) Release reservation
(and ) Update CR
reset) Store to cache
Mark cache block M
M 6013 | (None) (n/a) | (n/a) None (n/a) Update CR
Yes (n/a) Release reservation
(and Update CR
reset) Store to cache
101 |I 6013 | (None) (n/a) | (n/a) None (n/a) Update CR
RWITMA | 101 11110 | Yes (None) or Load block of data into cache
(and SHD Release reservation
reset) Update CR
Store to cache
Mark cache M
(n/a) ARTRY or Release the bus
ARTRY&SHD | Retry the operation
S 6013 | (None) (n/a) | (n/a) None (n/a) Update CR
Kill 101 | 01100 |Yes (None) or After kill is successfully presented
(and Release reservation
reset) Update CR
Store to cache
Mark cache block M
(n/a) 60x3 | (n/a) (n/a) | (n/a) Yes(and | (n/a) See footnotes 2 and 3
not
reset)
S 601 Kill 101 | 01100 |[(n/a) ARTRY or Release the bus
ARTRY&SHD | Retry the operation
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Table E-5. Coherency Actions—STWCX Operations (Continued)

Cache Bus Snoo
Proc. Res. Res o:se Processor Response
WIM | MESI Operation | WIM | TT[0-4] P
101 |E 601 (None) (n/a) | (n/a) None (n/a) Update CR
Yes Release reservation
(and Update CR
reset) Store to cache
Mark cache block M
M 601 (None) (nfa) | (n/a) None (n/a) Update CR
Yes Release reservation
(and Update CR
reset) Store to cache
Notes:

1Because it does not implement shared state, these entries are not applicable to the 603.

2An stwex. to a page marked write-though causes a DSI exception. Therefore this bus transaction cannot
occur. The state of reservation is not changed due to an stwcex. to a page marked write-though.

SFor all but 601s, an LWARX to a page marked write-through causes a DSI exception; therefore this
transaction does not occur on the bus.

E.5 DCBT Operations

Table E-6 shows the coherency actions when a DCBT operation is generated by the
execution of a dcbt instruction.

Table E-6. Coherency Actions—DCBT Operations

Cache Bus Snoo
Processor Resporrse Processor Response
WIM | MESI Operation | WIM | TT[0-4]
000 | 60x Read 000 |01010 | (None) Load block into cache

Mark the cache E

603 RWITM 01110

60x Read 000 |O01010 SHD Load block into cache
Mark the cache S

603 RWITM 01110 Load block into cache
Mark the cache E

60x Read 000 |01010 |ARTRY or Release the bus

ARTRY&SHD | Retry the operation
603 RWITM 01110
MES' | 60x (None) (n/a) | (n/a) (n/a) No-op
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Table E-6. Coherency Actions—DCBT Operations (Continued)

Cache Bus Snoo
Processor Res o:s e Processor Response
WIM | MESI Operation | WIM | TT[0-4] P
001 | 60x Read 001 | 01010 | (None) Load block into cache
Mark the cache E
603 RWITM 01110
60x Read 001 |01010 |SHD Load block into cache
Mark the cache S
603 RWITM 01110 Load block into cache
Mark the cache E
60x Read 001 | 01010 | ARTRY or Release the bus
-~ ARTRY&SHD | Retry the operation
603 RWITM 01110
MES' (None) (n/a) | (n/a) (n/a) No-op
x1x 1 60x (None) x1M | (n/a) (n/a) No-op
601 SBR
ES! 60x (None) (n/a) | (n/a) (n/a) No-op
601 Mark cache block |
Cache retry the operation
M 60x (None) (n/a) | (n/a) (n/a) No-op
601 WWK xiM | 00110 (None) or Flush the block
SHD Mark cache block |
Cache retry the operation
M 60x (n/a) (n/a) | (n/a) (n/a) (n/a)
601 WWK xiM 100110 ARTRY or Release the bus
ARTRY&SHD | Retry the operation
100 1 60x Read 100 | 01010 | (None) Load block into cache
Mark the cache E
603 RWITM 01110
60x Read 100 |o01010 |SH Load block into cache
Mark the cache S
603 RWITM 01110 Load block into cache
Mark the cache E
60x Read 100 |01010 | ARTRY or Release the bus
el ARTRY&SHD | Retry the operation
603 RWITM 01110
MES' |60x (None) (n/a) | (n/a) (n/a) No-op
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Table E-6. Coherency Actions—DCBT Operations (Continued)

Cache Bus Snoo
Processor Respo nps e Processor Response
WIM | MESI Operation | WIM | TT[0-4] P
101 1 60x Read 101 01010 (None) Load block into cache

Mark the cache E

603 RWITM 01110

60x Read 101 01010 SHD Load block into cache
Mark the cache S

603 RWITM 01110 Load block into cache
Mark the cache E

60x Read 101 01010 ARTRY or Release the bus

ARTRY&SHD | Retry the operation
603 RWITM 01110
MES' (None) (n/a) | (n/a) (n/a) No-op

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.
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E.6 DCBTST Operations

Table E-7 describes the behavior of the 60x bus interface in response to the execution of a

dcbtst instruction.

Table E-7. Coherency Actions—DCBTST Operations

Cache Bus Snoo
Processor Res or?se Processor Response
WIM | MESI Operation | WIM | TT[0-4] P
000 1 60x Read 000 |01010 | (None) Load the block of data into cache
Mark the cache E
603 RWITM 01110
60x Read 000 |o01010 |SHD Load the block of data into cache
Mark the cache S
603 RWITM 01110 Load the block of data into cache
Mark the cache E
60x Read 'f000 101010 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 RWITM 01110
s! 60x (None) (n/a) | (n/a) (n/a) No-op
ME 000
001 l 60x Read 001 01010 | (None) Load the block of data into cache
: ) Mark the cache E
603 RWITM 01110
60x Read 001 01010 | SHD Load the block of data into cache
Mark the cache S
603 RWITM 01110 Load the block of data into cache
Mark the cache E
60x Read 001 ]01010 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 RWITM 01110
MES! | 60x (None) (n/a) | (n/a) (n/a) No-op
x1x | 60x (None) x1M | (n/a) (n/a) No-op
601 SBR
ES' |60x (None) (n/a) | (n/a) (n/a) No-op
601 Mark cache block I
Cache retry the operation
M 60x (None) (n/a) | (n/a) (n/a) No-op
601 WWK x1M ]00110 | (None) or Flush the block
SHD Mark cache block |
Cache retry the operation
60x (None) (n/a) | (n/a) (n/a) (n/a)
601 WWK xiM | 00110 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
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Table E-7. Coherency Actions—DCBTST Operations (Continued)

Cache

Bus

Snoop
Processor Response Processor Response
WIiM | MESI Operation | WIM | TT[0-4]
100 | 60x Read 100 |[01010 [ (None) Load the block of data into cache
Mark cache E
603 RWITM 01110
60x Read 100 |01010 |SHD Load the block of data into cache
Mark cache as block S
603 RWITM 01110 (Ignore the shared response)
Load the block of data into cache
Mark cache E
60x Read 100 [01010 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 RWITM 01110
MES' | 60x (None) (nfa) | (n/a) (n/a) No-op
101 | 60x Read 101 01010 | (None) Load the block of data into cache
Mark cache block E
603 RWITM 01110
60x Read 101 01010 | SH Load the block of data into cache
Mark cache block S
603 RWITM 01110 Load the block of data into cache
Mark cache block E
60x Read 101 01010 | ARTRY or Release the bus
: S : ARTRY&SHD | Retry the operation
603 RWITM 01110
MES' | 60x (None) (n/a) | (n/a) (n/a) No-op

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.

E.7 DCBZ Operations

Table E-8 describes the behavior of the 60x bus interface in response to the execution of a
dcbz instruction.
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Table E-8. Coherency Actions—DCBZ Operations

Cache Bus Snoo
Processor Respo nps e Processor Response
wiM | MESI Operation | WIM | TT[0-4] P
000 | 60x Kill 000 01100 | (None) or Establish the block in data cache without
SHD fetching the block from main memory
Set all bytes to zero
Mark cache block M
603 RWITM RWITM, then write zeros instead of data
Mark cache block M
60x Kill 000 01100 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 RWITM
st 60x Kill 000 01100 | (None) or Clear ali bytes in the block
SHD Mark cache block M
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E (None) 000 (n/a) (n/a) Clear all bytes in the block
Mark cache block M
M (None) (n/a) | (n/a) (n/a) Write zeros to all bytes in the cache block
001 | 60x Kill 001 01100 | (None) or Establish the block in data cache without
SHD fetching the block from main memory
Set all bytes to zero
Mark cache block M
603 RWITM RWITM, then write zeros instead of data
Mark cache block M
60x Kill 001 01100 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 RWITM
st 60x Kiil 001 01100 | (None) or Mark cache block E
SHD Set all bytes of the block to zero
Mark the cache block M
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E (None) (n/a) | (n/a) (n/a) Write zeros to all bytes in the cache block
Mark cache block M
M (None) (n/a) | (n/a) (n/a) Write zeros to all bytes in the cache block
Al MES'I | (n/a) (n/a) (n/a) | (n/a) (n/a) A dcbz to a cache-inhibited or write-
others through page causes an alignment
exception; this bus transaction cannot
occur.

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.
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E.8 DCBST Operations

Table E-9 describes the behavior of the 60x bus interface in response to the execution of a
dcbst instruction.

Table E-9. Coherency Actions—DCBST Operations

Cache Bus Snoo
Processor Res: o:se Processor Response
wiM | MESI Operation | WIM | TT[0-4] P
000 ! 60x Clean 000 |00000 | (None)or SHD | No-op
601 100
601 100 | (n/a) (n/a)
60x Clean 000 |[00000 |ARTRY or Release the bus
o ARTRY&SHD
601 100
603 (None) (n/a) | (n/a) (n/a) (n/a)
st 60x Clean 000 |00000 | (None)or SHD | No-op
601 100
60x 000 (00000 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 100
E 60x Clean 000 | 00000 | (None)or SHD | No-op
601 100
603 (None) (n/a) {(n/a) (n/a)
60x Clean 000 | 00000 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 100
603 (None) (n/a) | (n/a) (n/a) (n/a)
M 60x WWK 100 |00110 | (None) or SHD | Write the block to main memory
Mark cache block E
603 000
60x WWK 100 | 00110 | ARTRY or Release the bus
P ARTRY&SHD | Retry the operation
603 000
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Table E-9. Coherency Actions—DCBST Operations (Continued)

Cache Bus Snoo
Processor Res o:se Processor Response
WIM | MESI Operation | WIM | TT[0-4] P
001 | 60x Clean 001 | 00000 | (None) or SHD | No-op
601 101
603 (None) (n/a) | (n/a) (n/a)
60x Clean 001 | 00000 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 101
603 (None) (n/a) | (n/a) (n/a) (n/a)
st 60x Clean 001 | 00000 | (None) or SHD | No-op
601 101
60x Clean 001 00000 | ARTRY or Release the bus
b ARTRY&SHD | Retry the operation
601 101
E 60x Clean 001 00000 | (None) or SHD | No-op
601 101
603 (None) (n/a) | (n/a) (n/a)
60x Clean 001 | 00000 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 101
603 (None) (n/a) | (n/a) (n/a)
M 60x WWK 001 | 00110 | (None) or SHD | Write all bytes in the cache block to
main memory
601 101 Mark cache block E
603 001
60x 001 ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 101
603 001
x1x | 60x Clean W1M | 00000 | (None) or SHD | No-op
601 11M
603 (None) (n/a) | (n/a) (n/a)
60x Clean W1M | 00000 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 11M
603 (None) (n/a) | (n/a) (n/a)
E-24 PowerPC Microprocessor Family: The Bus Interface for 32-Bit Microprocessors




Table E-9. Coherency Actions—DCBST Operations (Continued)

Cache Bus Snoo
Processor Res o:se Processor Response
wiM | MESI Operation | WIM | TT[0-4] P
x1x ES’ 60x Clean W1M | 00000 | (None) or SHD | No-op
603 (None) (n/a) | (n/a) (n/a)
M 60x WWK 100 | 00110 | (None) or SHD | Write all bytes in the cache block to
main memory
Mark cache block E
601 11M Flush the block
Mark cache block |
60x 100 ARTRY or Release the bus
S R SO W&SWD— Retry the Operation
601 11M
100 | 60x Clean 100 | 00000 | (None) or SHD | No-op
603 (None) (n/a) | (n/a) (n/a)
60x Clean 100 | 00000 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 (None) (n/a) | (n/a) (n/a)
st 60x Clean 100 | 00000 | (None) or SHD | No-op
60x 100 |00000 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E 60x Clean 100 {00000 | (None)or SHD | No-op
603 (None) (n/a) | (n/a) (n/a)
60x Clean 100 |00000 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 (None) (n/a) |(n/a) (n/a) (n/a)
M 60x WWK 100 |00110 | (None) or SHD | Push the block
Mark cache block E
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
101 ES'l |60x Clean 101 00000 | (None) or SHD | No-op
603 (None) (n/a) |{n/a) (n/a)
60x Clean 101 00000 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 (None) (n/a) [ (n/a) (n/a) (n/a)
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Table E-9. Coherency Actions—DCBST Operations (Continued)

Cache

Bus

Snoop

Processor Response Processor Response
WIM | MESI Operation | WIM | TT[0-4]
101 M 60x WWK 100 | 00110 | (None) or SHD | Push the block

Mark cache block E

601 101

60x 100 |00110 |ARTRY or Release the bus

60-1 - 101 ARTRY&SH Retry the operation

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.
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E.9 DCBF Operations

Table E-10 describes the behavior of the 60x bus interface in response to the execution of
a dcbf instruction.

Table E-10. Coherency Actions—DCBF Operations

Cache Bus Snoo
Processor Res o:se Processor Response
WIM | MESI Operation | WIM | TT[0-4] P
000 |I 60x Flush 000 |[00100 | (None)or No-op
SHD
601 100
603 (None) (n/a) | (n/a) (n/a)
60x Flush 000 |00100 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 100
603 (None) (n/a) | (n/a) (n/a) (n/a)
st 60x Flush 000 |00100 {(None)or Mark cache block |
SHD
601 100
603 (None) (n/a) | (n/a) (n/a)
60x Flush 000 |00100 |[ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 100
603 (None) (n/a) | (n/a) (n/a)
E 60x Flush 000 |[00100 [ (None)or Mark cache block |
SHD
601 100
603 (None) (n/a) | (n/a) (n/a)
60x Flush 000 |00100 | ARTRY or Release the bus
S ARTRY&SHD | Retry the operation
601 100
603 (None) (n/a) | (n/a) (n/a) (n/a)
M 60x WWK 100 |[00110 | (None) or Write the block of data back to main
i SHD memory
603 000 Mark the cache block |
60x WWK 100 |00110 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 000
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Table E-10. Coherency Actions—DCBF Operations (Continued)

Cache Bus Snoo
Processor Respor?se Processor Response
WIM | MESI Operation | WIM | TT[0-4]
001 |1 60x Flush 001 00100 | (None) or No-op
HD
601 101
603 (None) (n/a) {(n/a) (n/a)
60x Flush 001 00100 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 101
603 (None) (n/a) |(n/a) (n/a) (n/a)
st 60x Flush 001 {00100 [ (None)or Mark cache block |
SHD
601 101
60x 001 ARTRY or Release the bus
Y ARTRY&SHD | Retry the operation
601 101
E 60x Flush 001 [00100 | (None)or Mark cache block |
HD
601 101
603 (None) (n/a) | (n/a) (n/a)
60x Flush 001 00100 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 101
603 (None) (n/a) | (n/a) (n/a) (n/a)
M 60x WWK 100 00110 | (None)or Write all bytes in the cache block to
SHD main memory
601 101 Mark cache block |
603 001
60x WWK 100 |00110 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 101
603 001
xix |1 60x Flush W1M | 00100 | (None) or No-op
SHD
601 11M
603 (None) (n/a) | (n/a) (n/a)
60x Flush W1M | 00100 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 11M
603 (None) (nfa) | (n/a) (n/a)
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Table E-10. Coherency Actions—DCBF Operations (Continued)

Cache Bus Snoo
Processor Res or?s e Processor Response
wiM | MESI Operation | WiM | TT[0-4] P
xix |ES! 60x Flush W1M | 00100 | (None) or Mark cache block |
SHD
601 (None) (nfa) | (n/a) (n/a) Cache retry the operation
603 Mark cache block |
60x Flush W1M | 00100 | ARTRY or Retry the operation
ARTRY&SHD
601 (None) (n/a) | (n/a) (n/a) (n/a)
603
M 60x WWK 100 00110 | (None) or Flush the block
SHD Mark cache block |
601 11M
60x WWK 100 | 00110 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
601 11M
100 |1 60x Flush 100 |} 00100 | (None)or No-op
SHD
603 (None) (n/a) | (n/a) (n/a)
60x Flush 100 |00100 [|ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
st 60x Flush 100 |00100 | (None)or Mark cache block |
SHD
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E 60x Flush 100 |} 00100 | (None) or Mark cache block |
HD
603 (None) (n/a) | (n/a) (n/a)
60x Flush 100 {00100 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
M 60x WWK 100 00110 | (None) or Push the block
SHD Mark cache block |
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
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Table E-10. Coherency Actions—DCBF Operations (Continued)

Cache Bus Snoo
Processor Res: or:’se Processor Response
WIM | MESI Operation | WIM | TT[0-4] P
101 |1 60x Flush 101 | 00100 | (None) or No-op
SHD
603 (None) (n/a) | (n/a) (n/a)
60x Flush 101 {00100 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
st 60x Flush 101 | 00100 | (None) or Mark cache block |
SHD
ARTRY or Release the bus
ARTRY&SHD | Retry the operation
E 60x Flush 101 | 00100 | (None) or Mark cache block |
SHD
603 (None) (n/a) | (n/a) (n/a)
60x Flush 101 | 00100 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
M 60x WWK 100 |[00110 | (None)or Flush the block
SHD Mark cache block |
601 101
60x WWK 100 |00110 |ARTRY or Release the bus
601 101 ARTRY&SHD | Retry the operation

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.
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E.10 DCBI Operations

Table E-11 describes the behavior of the 60x bus interface in response to the execution of
a dcbi instruction.

Table E-11. Coherency Action—DCBI Operations

Cache Processor Bus Snoop Processor Response
WiM | MESI Operation | WiM | TTjo—41| ResPonse
000 1 60x Kill 000 |01100 |(None)or SHD | No-op
603 |(None) |(va) |(va) |(wa) '
60x Kill 000 [01100 [ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
st 60x Kill 000 | 01100 | (None) or SHD [ Mark the cache block |
‘AR:I'RY or Release the bus
ARTRY&SHD Retry the operation
ME 60x Kill 000 |01100 | (None) or SHD | Mark cache block |
603 (None) (n/a) | (n/a) (n/a)
60x Kill 000 (01100 |ARTRYor | Release the bus
ARTRY&SHD Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
001 | 60x Kill 001 |01100 | (None)or SHD | No-op
603 (None) (n/a) | (n/a) (n/a)
60x Kill 001 (01100 |ARTRYor Release the bus
ARTRY&SHD Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
st 60x Kill 001 01100 | (None) or SHD | Mark cache block |
ARTRYor Release the bus
ARTRY&SHD Retry the operation
ME 60x Kill 001 01100 | (None) or SHD | Mark cache block |
603 (None) (n/a) | (n/a) (n/a)
60x Kill 001 |01100 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 None) |(/a) |(a) | (wa) (n/a)
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Table E-11. Coherency Action—DCBI Operations (Continued)

Cache Bus
Snoop Processor Response
Processor Response
WIM | MESI Operation | WIM | TT[0-4]
x1x | 60x Kill W1M | 01100 | (None) or SHD | No-op
603 (None) (n/a) | (n/a) (n/a)
60x Kill W1M | 01100 | ARTRY or Release the bus
ARTRY&SH Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
S'E 60x Kill W1M [ 01100 | (None) or SHD | Mark cache block |
603 (None) (n/a) | (n/a) (n/a)
601 Mark cache block |
Cache retry the operation
60x Kill W1iM [ 01100 | ARTRY or Release the bus
ARTRY&SHD Retry the operation
601/603 (None) (n/a) | (n/a) (n/a) (n/a)
M 60x Kill W1M | 01100 | (None) or SHD | Mark cache block |
603 (None) (n/a) | (n/a) (n/a)
601 WWK W1M | 01100 | (None) or SHD | Flush the block
Mark cache block |
Cache retry the operation
60x Kill W1M | 01100 | ARTRY or Release the bus
ARTRY&SHD Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
601 WWK W1M ] 01100 | ARTRY or Release the bus
ARTRY&SHD Retry the operation
100 | 60x Kill 100 | 01100 | (None)or SH No-op
603 (None) (n/a) |(n/a) (n/a)
60x Kill 100 |01100 | ARTRY or Release the bus
ARTRY&SHD Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
st 60x Kill 100 | 01100 | (None)or SHD | Mark cache block |
ARTRY or Release the bus
ARTRY&SHD Retry the operation
ME 60x Kill 100 | 01100 | (None)or SHD | Mark cache block |
603 (None) (n/a) | (n/a) (n/a)
60x Kill 100 | 01100 | ARTRY or Release the bus
ARTRY&SHD Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
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Table E-11. Coherency Action—DCBI Operations (Continued)

Cache P Bus Snoop Processor Response
rocessor Response
WIM | MESI Operation | WIM | TT[0-4]
101 | 60x Kill 101 | 01100 | (None) or SHD | No-op
603 (None) (n/a) | (n/a) (n/a)
60x Kill 101 | 01100 | ARTRY or Release the bus
ARTRY&SHD Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
s! 60x Kill 101 01100 | (None) or SHD | Mark cache block |
603 (None) (n/a) | (n/a) (n/a) (n/a)
60x Kill 101 | 01100 | ARTRY or Release the bus
ARTRY&SHD Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
ME 60x Kill 101 | 01100 | (None)or SHD | Mark cache block |
603 (None) (n/a) | (n/a) (n/a)
60x Kill 101 01100 | ARTRY or Release the bus
ARTRY&SHD Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.
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E.11 ICBI Operations

Table E-12 describes the behavior of the 60x bus interface in response to the execution of
an ichi instruction.

Table E-12. Coherency Actions—ICBI Operations

Cache Bus Snoop
Processor - Response Processor Response
WIM | MESI Operation | WIM | TT[0-4]
000 | 60x ICBI 000 |01101 | (None) or SHD | No-op
603 (None) (n/a) | (n/a) (n/a) .
601 (n/a)
60x ICBI 000 |01101 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 (None) (n/a) | (n/a) (n/a) (n/a)
601 (n/a) ”
VAL 60x ICBI 000 |01101 | (None) or SHD | Mark I-cache block |
603 (None) (n/a) | (n/a) (n/a)
H601 (n/a) No-op (unified cache)
60x ICBI 000 |01101 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation
603 (None) (n/a) | (n/a) (n/a)
601 (n/a) (n/a)
001 1 60x ICBI 001 [01101 | (None) or SHD | No-op
603 {None) (n/a) |(n/a) {(n/a)
601 (n/a)
60x ICBI 001 |01101 |ARTRYor |Release the bus
ARTRY&SHD | Retry the operation
603 None)  |(/a) |(na) | (n/a) (n/a)
601 (n/a)
VAL 60x ICBI 001 |01101 | (None) or SHD | Mark I-cache block |
m(.303 - (None) (n/a) | (n/a) (n/a)
601 (n/a) No-op (unified cache)
60x ICBI 001 {01101 JARTRYor | Release the bus
ARTRY&SHD | Retry the operation
603 (None) (n/a) | (n/a) (n/a)
601 (n/a) (n/a)
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Table E-12. Coherency Actions—ICBI Operations (Continued)

Cache Bus Snoop
Processor - Response Processor Response
WIM | MESI Operation | WIM | TT[0-4]
x1x 1 60x ICBI xIM | 01101 | (None) or SHD | No-op

603 (None) (n/a) | (n/a) (n/a)

601 (n/a) No-op (unified cache)

60x ICBI xiM 01101 | ARTRY or | Release the bus
ARTRY&SHD | Retry the operation

603 (None) (n/a)i (n/a) (n/a) v(n/va)” -

601 (n/a)

VAL 60x ICBI xIM | 01101 | (None) or SHD | Mark I-cache block |

603 None)  |(va) |(va) |(va) '

601 (n/a) No-op (unified cache)

60x ICBI xIM 101101 | ARTRYor | Release the bus
ARTRY&SHD | Retry the operation

603 (None) (n/a) |(n/a) (n/a) (n/a)

601 (n/a)

100 | 60x ICBI 100 |o1101 (None) or SHD | No-op

603 (None) (n/a) |(n/a) (n/a)

601 (n/a)

60x iCBI 100 |01101 |ARTRY or Release the bus
ARTRY&SHD | Retry the operation

603 (None) (nfa) |(n/a) (n/a) (n/a)

601 (n/a)

VAL 60x ICBI 100 [01101 | (None) or SHD | Mark I-cache block |

603 (None) (n/a) |(n/a) (n/a)

601 (n/a) No-op (unified cache)

60x ICBI 100 01101 [ARTRYor | Release the bus
ARTRY&SHD | Retry the operation

o0 ..(None) (n/aj' (n/a) (r.‘./.é;) e

601 (n/a) (n/a)
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Table E-12. Coherency Actions—ICBI Operations (Continued)

Cache Bus Snoop
Processor - Response Processor Response
WIM | MESI Operation | WIM | TT[0-4]
101 | 60x ICBI 101 | 01101 | (None) or SHD | No-op

603 (None) (n/a) | (n/a) (n/a)

601 (n/a)

60x ICBI 101 |01101 |ARTRY or | Release the bus
ARTRY&SHD | Retry the operation

603 (None) (n/a) | (n/a) (n/a) (n/a)

601 (n/a)

VAL 60x ICBI 101 [ 01101 | (None) or SHD | Mark I-cache block |

603 (None) (n/a) |(n/a) (n/a)

601 (n/a) No-op (unified cache)

60x ICBI 101 01101 | ARTRY or | Release the bus
ARTRY&SH Retry the operation

603 (None) (n/a) | (n/a) (n/a)

601 (n/a) wa |

E.12 SYNC Operations

Table E-13 describes the behavior of the 60x bus interface in response to the execution of
a sync instruction. This table does not fully describe the operation of the sync instruction.

Table E-13. Coherency Actions—SYNC Operations

Cache Bus Snoo
Respo:se Processor Response
WIM | MESI | WIM | TT[0-4]
(n/a) |(n/a) |xx1 01000 | (None) or SHD | The sync instruction has completed
ARTRY or Release the bus
ARTRY&SHD Retry the operation
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E.13 EIEIO Operations

Table E-14 describes the behavior of the 60x bus interface in response to the execution of
an eieio instruction.This table does not fully describe the operation of the eieio instruction.

Table E-14. Coherency Actions—EIEIO Operations

Cache Bus Snoo
Respo:se Processor Response
WIM | MESI WIM | TT[0-4]
(n/a) |(n/fa) |xx1 10000 | (None) or SHD | The eieio instruction completed.
ARTRY or Release the bus
ARTRY&SHD Retry the operation

E.14 TLBIE Operations

Table E-15 describes the behavior of the 60x bus interface in response to the execution of
a tlbie instruction. This table does not fully describe the operation of the tlbie instruction.

Table E-15. Coherency Actions—TLBIE Operations

Cache Bus Snoop

Response Processor Response

WIM | MESI | WIM | TT[0-4]

(n/a) |(n/a) [xx1 11000 (None) or SH Hold off any new memory instructions
: Wait for completion of any outstanding memory instructions
Invalidate the requested TLB entry

RTRY or Release the bus
ARTRY&SHD | Retry the operation

>

E.15 TLBSYNC Operations

Table E-16 describes the behavior of the 60x bus interface in response to the execution of
a tlbsync instruction. This table does not fully describe the operation of the tlbsync
instruction.

Table E-16. Coherency Actions—TLBSYNC Operations

Cache Bus
Snoop

Response

Processor Response
WIM | MESI | WIM | MESI

(n/a) |[(n/a) |xx1 01001 | (None) or SHD | The tibsync instruction has completed

01001 | ARTRY or Release the bus
ARTRY&SHD | Retry the operation
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E.16 Snoop-Kill Operations

Table E-17 describes the behavior of the 60x bus interface in response to a snoop-kill bus

operation.
Table E-17. Coherency Actions—Snoop-Kill Operations
Cache Bus Snoo
Processor Reservation Res o:se Processor Response
WIM | MESI WIM | TT[0-4] P
(nfa) |1 60x xx1 01100 |None (None) No-op
60x Yes (and reset) Release reservation
603 No-op
S'EM |60x None Mark cache block |
603 No-op
60x Yes (and reset) Mark cache block |
Release reservation
603 No-op
M 604 Yes (and reset) |ARTRY&SHD | Try to write cache block back to
main memory
If successful, mark cache block |

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.
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E.17 Snoop-Read Operations

Table E-18 describes the behavior of the 60x bus interface in response to a snoop-read bus
operation.

Table E-18. Coherency Actions—Snoop-Read Operations

Cache Bus Snoo
Proc. Reservation Res or:)se Processor Response
wiM | MESI wiM | TT[0-4] P
(nfa) | | 60x x11 | 01010 | None (None) No-op
60x Yes SHD
603 (None)
st 60x (n/a) SHD No-op
E 60x SHD Mark cache block S
603 (None) Mark cache block |
M 60x x01 ARTRY or Try to write cache block back to main memory
ARTRY&SHD | If successful, mark cache block S
603 Try to write cache block back to main memory
If successful, mark cache block | -
60x x11 Try to write cache block back to main memory
If successful, mark cache block S
603 Try to write cache block back to main memory
If successful, mark cache block E

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.
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E.18 Snoop-Read-Atomic Operations

Table E-19 describes the behavior of the 60x bus interface in response to a snoop-read
atomic bus operation.

Table E-19. Coherency Actions—Snoop-Read Atomic Operations

Cache

Proc. Res. Res:O:npse Processor Response
WIM | MESI WIM | TT[0-4] P
(n/a) |1 60x xx1 11010 | None (None) No-op
60x Yes SHD
603 None
st 60x None |SHD No-op
E 60x (n/a) SHD Mark cache block S
603 None Mark cache block |
M 60x x01 ARTRY&SHD | Try to write cache block back to main memory
If successful, mark cache block S
603 Try to write cache block back to main memory
If successful, mark cache block |
60x x11 Try to write cache block back to main memory
If successful, mark cache block S
603 Try to write cache block back to main memory

If successful, mark cache block E

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.
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E.19 Snoop-RWITM Operations

Table E-20 describes the behavior of the 60x bus interface in response to a snoop-RWITM
bus operation.

Table E-20. Coherency Actions—Snoop-RWITM Operations

Cache Bus Snoo
Reservation Res: o:se Processor Response
wiM | MESI | wim | TT[o-4) P
(n/a) |1 xx1 01110 | None (None) No-op
Yes (and reset) Release reservation
s'E None Mark cache block |
Yes (and reset) Mark cache block |
Release reservation
M None ARTRY&SHD | Try to write cache block back to main memory
If successful, mark cache block |
Yes (and reset) Try to write cache block back to main memory
If successful:
Mark cache block |
Release reservation

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.

E.20 Snoop-RWITM-Atomic Operations

Table E-21 describes the behavior of the 60x bus interface in response to a snoop-snoop-
RWITM atomic bus operation.

Table E-21. Coherency Actions—Snoop-RWITM Atomic Operations

Cache Bus Snoo
Reservation Res orfse Processor Response
wiM | MESI | wim | TT[0-4] P
(n/a) |1 xx1 11110 | None (None) No-op
Yes (and reset) Release reservation
S'E None Mark cache block |
Yes (and reset) Mark cache block |
Release reservation
M None ARTRY&SHD | Try to write cache block back to main memory
If successful, mark cache block |
Yes (and reset) Try to write cache block back to main memory
If successful:
Mark cache block |
Release reservation

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.
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E.21 Snoop-Flush Operations

Table E-22 describes the behavior of the 60x bus interface in response to a snoop-snoop-
flush bus operation.

Table E-22. Coherency Actions—Snoop-Flush Operations

Cache Bus Snoo!
Proc. Reservation Res orrse Processor Response
wim | MESI WM | TT[0-4] P
(n/a) |1 60x xx1 00100 | None (None) No-op
Yes (None) No-op. Snoop-flush operation cannot clear
the reservation.
S'E 60x (n/a) (None) Mark cache block |
603 No-op
M 60x ARTRY&SHD | Try to write cache block back to main
memory
If successful, mark cache block |
603 (None) No-op

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.

E.22 Snoop-Clean Operations

Table E-23 describes the behavior of the 60x bus interface in response to a snoop-clean bus
operation.

Table E-23. Coherency Actions—Snoop-Clean

Cache Bus Snoo
Processor Res o:se Processor Response
wim | MESI WIM | TT[0-4] P
(va) |ES" |60x xx1 | 00000 - | (None) No-op
M 60x xx1 ARTRY&SHD | Try to write cache block back to main memory
If successful, mark cache block E
603 (None) No-op

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.
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E.23 Snoop-Write-with-Flush Operations

Table E-24 describes the behavior of the 60x bus interface in response to a snoop-write with
flush bus operation.

Table E-24. Coherency Actions—Snoop-Write-with-Flush Operations

Cache

Bus

WM

MESI

WIM

TT[0-4]

Reservation

Snoop
Response

Processor Response

(n/a)

xx1

00010

None

Yes (and reset)

None

Yes (and reset)

None

Yes (and reset)

(None)

No-op

Release reservation

Mark cache block |

Mark cache block |
Release reservation

Paradox?—no one else should be writing if this
cacheis E
Mark cache block |

Paradox?>—no one else should be writing if this
cache is E

Mark cache block |

Release reservation

None

Yes (and reset)

Paradox®—no one else should be writing if this
cacheis M

Try to write cache block back to main memory
If successful, mark cache block |

Paradox?—no one else should be writing if this
cacheis M
Try to write cache block back to main memory
If successful:

Mark cache block |

Release reservation

Notes:

1Because it does not implement shared state, these entries are not applicable to the 603.

25 coherency paradox to the processor may cause incoherent data to appear in the system. That is, there
is a potential for data integrity errors in the system.
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E.24 Snoop-Write-with-Kill Operations

Table E-25 describes the behavior of the 60x bus interface in response to a snoop-write-

with-kill bus operation.

Table E-25. Coherency Actions—Snoop-Write-with-Kill Operations

Cache Bus Shoo
Reservation Respo:se Processor Response
WIM | MESI | WIM | TT[0-4]
(n/a) | xx1 00110 | None (None) No-op
Yes (and reset) Release reservation
st None Mark cache block |
Yes (and reset) Mark cache block |
Release reservation
E None Paradox?>—no one else should be writing if this
cache is E
Mark cache block |
Yes (and reset) Paradox?—no one else should be writing if this
cacheis E
Mark cache block |
Release reservation
M None Paradox?—no one else should be writing if this
cacheis M
Mark cache block |
Yes (and reset) Paradox?—no one else should be writing if this
cache is M
Mark cache block |
Release reservation
Notes:

Because it does not implement shared state, these entries are not applicable to the 603.

2p coherency paradox to the processor may cause incoherent data to appear in the system. That is, there is
a potential for data integrity errors in the system.
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E.25 Snoop-Write-with-Flush-Atomic Operations

Table E-26 describes the behavior of the 60x bus interface in response to a snoop-write-
with-flush-atomic bus operation.

Table E-26. Coherency Actions—Snoop-Write-with-Flush-Atomic Operations

Cache

Bus

wiM

MESI

wiM

TT[0-4]

Reservation

Snoop
Response

Processor Response

(n/a)

S1

xx1

00110

None

Yes (and reset)

None

Yes (and reset)

None

Yes (and reset)

(None)

No-op

Release reservation

Mark cache block |

Mark cache block |
Release reservation

Paradox?>—no one else should be writing if this
cache is E
Mark cache block |

Paradox?>—no one else should be writing if this
cache is E

Mark cache block |

Release reservation

None

Yes (and reset)

Paradox?—no one else should be writing if this
cacheis M
Try to write block back to main memory

If successful, mark cache block |

Paradox®—no one else should be writing if this
cacheis M

Try to write block back to main memory

If successful:

Mark cache block |

Release reservation

Notes:

1Because it does not implement shared state, these entries are not applicable to the 603.

2A coherency paradox to the processor may cause incoherent data tc appear in the system. That is, there is
a potential for data integrity errors in the system.
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E.26 Snoop-TLB-Invalidate Operations

Table E-27 describes the behavior of the 60x bus interface in response to a snoop-TLB-
invalidate bus operation.

Table E-27. Coherency Actions—Snoop-TLB-Invalidate Operations

Cache Bus
Snoop Response Processor Response
WIM | MESI | WIM | TT[0-4]
(n/a) |(n/a) |xx1 11000 | (None) Respond with (None) when all previous TLB

invalidates have been performed

(None) but ARTRY is Do not perform the TLB invalidate—this is to prevent
activated on the bus from | a deadlock condition from occurring
another processor

ARTRY Respond with retry until TLB has been invalidated.
Previous TLB invalidate is still in progress.

E.27 Snoop-SYNC Operations

Table E-28 describes the behavior of the 60x bus interface in response to a snoop-SYNC
bus operation.

Table E-28. Coherency Actions—Snoop-SYNC Operations

Cache Bus Snoo
Respor?se Processor Response
WIM | MESI | WIM | TT[0-4]
(n/a) | (n/a) |xx1 01000 (None) If there are no TLB invalidates pending that were
initiated by this processor, no-op
ARTRY If there is a TLB invalidate pending that was initiated by

this processor, respond with retry.

OR

If there is a snoop push address tenure (write/wi/kill)
pending due to previous snoop.

E.28 Snoop-EIEIO Operations

Table E-29 describes the behavior of the 60x bus interface in response to a snoop-EIEIO
bus operation.

Table E-29. Coherency Actions—Snoop-EIEIO Operations

Cache Bus
Snoop
Response Processor Response
WIM | MESI | WIM | TT[0-4]
(n/a) |(n/a) |xx1 10000 | (None) No-op. The 604 family never asserts ARTRY for an
- ~1 EIEIO snoop.
ARTRY
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E.29 Snoop-TLBSYNC Operations

Table E-30 describes the behavior of the 60x bus interface in response to a snoop-
TLBSYNC bus operation.

Table E-30. Coherency Actions—Snoop-TLBSYNC Operations

Cache Bus Snoop
Response Processor Response

WIM | MESI | WIM | TT[0-4]

(nfa) [(n/a) |xx1 | 01001 (None) If no TLB invalidates are pending and there are no marked
transactions, no-op. Note that all queues in the processor with
translated addresses are considered marked whenever a TLBI snoop
operation completes. These transactions may hit in the cache
internally and clear the mark. Other times, these transactions must
complete a 60x bus address tenure before these marks can be
cleared. TLBSYNC snoops are ARTRYd until all marks are cleared.

ARTRY If a TLB invalidate is pending or if any marked transactions are
pending, respond with retry

E.30 Snoop-ICBI Operations

Table E-31 describes the behavior of the 60x bus interface in response to a snoop-ICBI bus
operation.

Table E-31. Coherency Actions—Snoop-ICBI Operations

Cache Bus Snoo
Res onpse Processor Response
WIM | MESI | WIM | TT[0-4] P
(nfa) |1 xx1 011001 | (None) No-op
VAL Invalidate entry in I-cache
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E.31 Snoop-RWNITC Operations

Table E-32 describes the behavior of the 60x bus interface in response to a snoop-RWNITC
bus operation.

Table E-32. Coherency Actions—Snoop-RWNITC Operations

Cache Bus Snoo
Processor Reservation Res: onpse Processor Response
WiM | MESI WM | TT[0-4] P
(n/a) 11 60x xx1 |01011 | None (None) No-op
60x Yes SHD No-op
603 (n/a) (n/a)
st 60x (n/a) SHD No-op
E 60x SHD No-op
603 (None) Mark cache block E
M 601 ARTRY&SHD | Try to write cache block back to main
memory
If successful, mark cache block S
604 Try to write cache block back to main
memory
If successful, mark cache block E
603 ARTRY No-op

Note: 'Because it does not implement shared state, these entries are not applicable to the 603.
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Glossary of Terms and Abbreviations

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

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
60x processors implement atomic accesses through the Iwarx/stwex.
instruction pair.

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

Beat. A single state on the 60x bus interface that may extend across multiple
bus cycles. A 60x transaction can be composed of multiple address
or data beats.

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

Big-endian. A byte-ordering method in memory where the address n of a
word corresponds to the most-significant byte. In an addressed
memory word, the bytes are ordered (left to right) O, 1, 2, 3, with O
being the most-significant byte.
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Block. An area of memory that ranges from 128 Kbyte to 256 Mbyte, whose
size, translation, and protection attributes are controlled by the BAT
mechanism.

Boundedly undefined. A characteristic of results of certain operations that
are not rigidly prescribed by the PowerPC architecture. Boundedly-
undefined results for a given operation may vary among
implementations, and between execution attempts in the same
implementation.

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

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

Bus clock. Clock that causes the bus state transitions.

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

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

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

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

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

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

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

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

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

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

GLO
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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. MESI 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.

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

Fetch. Retrieving instructions from either the cache or main memory and
placing them into the instruction queue.
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Floating-point register (GPR). Any of the 32 registers in the floating-point
register file. These registers provide the source operands and
destination results for all floating-point data manipulation
instructions. Floating-point load instructions move data from
memory to registers, and floating-point store instructions move data
from registers to memory.

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.
Load instructions move data from memory to registers, and store
instructions move data from registers to memory.

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

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

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

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

Implementation-specific. An aspect of a feature in a processor’s design that
is not required by the PowerPC architecture, but for which the
PowerPC architecture may provide concessions to ensure that
processors that implement the feature do so consistently.
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Imprecise exception. A type of synchronous exception that is allowed not to
adhere to the precise exception model (see Precise exception). The
PowerPC architecture allows only floating-point exceptions to be
handled imprecisely.

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

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

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

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

Latency. The number of clock cycles necessary to perform an action, such as
a memory access.

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

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

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

Livelock. A state in which processors interact in a way such that no processor
makes progress.
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M Memory-mapped accesses. Accesses whose addresses use the segmented or
block address translation mechanisms provided by the MMU and
that occur externally with the bus protocol defined for memory.

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

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

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

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.

Modified state. When a cache block is in the modified state, it has been
modified by the processor since it was copied from memory. See
MESL

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

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

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

0] 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.
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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.

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

Packet. A term used 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 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.

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

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

Physical memory. The actual memory that can be accessed through the
system’s memory bus.
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Q Quad word. A group of 16 contiguous locations starting at an address
divisible by 16.

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.

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

Reserved field. In a register, a reserved field is one that is not assigned a
function. A reserved field may be a single bit. The handling of
reserved bits is implementation-dependent. Software is permitted to
write any value to such a bit. A subsequent reading of the bit returns
0 if the value last written to the bit was O and returns an undefined
value (0 or 1) otherwise.

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

Segment descriptors. Information used to generate the interim virtual
address. The segment descriptors reside in 16 on-chip segment
registers for 32-bit implementations.

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-associativity.

GLO
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Set-associativity. 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.

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

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

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

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

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

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

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

Supervisor mode. The privileged operation state. In supervisor mode,
software 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.
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T TLB (translation lookaside buffer) A cache that holds recently-used page
table entries.

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

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. There are two kinds of
transactions: address/data and address-only.

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

U 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.

Unified cache. Combined data and instruction cache.

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

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

Virtual address. An intermediate address used in the translation of an
effective address to a physical address.
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W Weak ordering. A memory access model that allows bus operations to be
reordered dynamically, which improves overall performance and in
particular reduces the effect of memory latency on instruction
throughput.

Word. A 32-bit data element.

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

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

GLO
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considerations, 8-6

implementation (603), 4-11
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protocol, 4-9
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Olathe
PENSTOCK ....ovviinninnnns (913)829-9330
Overland Park
Future Electronics ............ (913)649-1531
Hamilton/Hallmark ........... (913)663-7900
Newark .......ccovvviiunnnnnn (913)677-0727
Time Electronics ........... 1-800-789-TIME
MARYLAND
Baltimore
FAL o (410)312-0833
Columbia
Arrow/Schweber Electronics ... (301)596-7800
Future Electronics ............ (410)290-0600
Hamilton/Hallmark ........... (410)720- 3400
Time Electronics ........... 1-800~789-TIME
PENSTOCK ......ccnvnvnnnnn {410)290-3746
Wyle Electronics ............. (410)312-4844
Hanover
Newark ........ovvevinnennnn

(410)712-6922

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

MASSACHUSETTS
Boston
Arrow/Schweber Electronics ... (508)658-0900
FAL .o (508)779-3111
Newark ...........c.ouune 1-800-4NEWARK
Bolton
Future Corporate ............. (508)779-3000
Burlin
PENSTOCK ......c.cenvnnnnn. (617)229-9100
Wyle Electronics ............. (617)271-9953
Peabody
Time Electronics ........... 1-800-789-TIME
Hamilton/Hallmark ........... (508)532-9893
Woburn
Newark .......covvunevneenns (617)935-8350
MICHIGAN
Detroit
2 (313)513-0015
Future Electronics ............ (616)698-6800
Grand Flaplds
..................... (616)954-6700
leonla
Arrow/Schweber Electronics . .. (810)455-0850
Future Electronics ...... .. (313)261-5270
Hamilton/Hallmark .. (313)416-5800
Time Electronics ........... 1-800~789-TIME
Troy
Newark ........cooeivuenne. (810)583-2899
MINNESOTA
Bloomington
Wyle Electronics .............. (612)853-2280
Burnsville
PENSTOCK ......c.cvnvvnnnnn. (612)882-7630
Eden Prairie
Arrow/Schweber Electronics ... (612)941-5280
FAL vt (612)947-0909
Future Electronics . ... (612)944-2200
Hamilton/Hallmark .... (612)881-2600
Time Electronics ........... 1-800-789-TIME
Minneapolis
Newark ........cocovnvnvnnnn. (612)331-6350
MISSOURI
Earth Ci
Hamilt allmark ........... (314)291-5350
St. Louls

Arrow/Schwebsr Elsctionics ... {314)567-6888
Future Electronics ............

(314)469-6805

. (314)542-9922
(314)453-9400
Time Electronics ........... 1-800-789-TIME
NEW JERSEY
Bridgewater
PENSTOCK ......cccvnvvnnenn (908)575-9490
Cherry Hill
Hamilton/Hallmark ........... (609)424-0110
East Brunswick
Newark .........ocovvvninnn (908)937-6600
Falrfleld
......................... (201)331-1133
Marlton
Arrow/Schweber Electronics . .. (609)596-8000
Y . (609)988-1500
Future Electronics (609)596-4080
Pinebrook
Arrow/Schweber Electronics ... (201)227-7880
Wyle Electronics ............. (201)882-8358
Parsippany
Future Electronics (201)299-0400
Hamilton/Halimark (201)515-1641
Wayne
Time Electronics ........... 1-800-789-TIME
NEW MEXICO
Albuquerque
Hamilton/Hallmark (505)293-5119
Newark ............ . (605)828~1878
NEW YORK
Bohemia
Newark .........ocovvvnenne (516)567-4200

Hauppau
Arrow/Scl weber Electronics ... (516)231-1000
FAL. .o (516)348-3700
Future Electronics ... (516)234-4000
Hamilton/Hallmark (516)737-0600
Newark .........cov0ennn 1-800-4NEWARK
PENSTOCK .........cvvnnen (516)724-9580
Konkoma
Hamilton/Hallmark ........... (5616)737-0600
Melville
Wyle Laboratories ............ (516)293-8446
Pittsford
Newark .......covvvnvnnnnnn (716)381—4244
Rochester
Arrow/Schweber Electronics . .. (716)427-0300
Future Electronics (716)387-9550
Y . (716)387-9600
Hamilton/Hallmark (716)272-2740
Time Electronics ........... 1-800-789-TIME
Syracuse
Al (315)451-4405
Future Electronics ............ (315)451-2371
Newark ........ocvvvvnvnnn. (315)457-4873
Time Electronics ........... 1-800-789-TIME
NORTH CAROLINA
Charlotte
L (704)548-9503
Future Electronics ....... ... (704)547-1107
Newark .........covvnnnnnn, (704)535-5650
Raleigh
Arrow/Schweber Electronics . .. (919)876-3132
FAL. oo (919)876-0088
Future Electronics . (919)790-7111
Hamilton/Hallmark ........... (919)872-0712
Newark ......c.cocnvuennnn 1-800-4NEWARK
Time Electronics ........... 1-800-789-TIME
OHIO
Centerville
Arrow/Schweber Electronics . .. (513)435-5563
CIeveIand

(216)446-0061
(216)391-9330

Time Electronics ........... 1-800-789-TIME
Columbus
Newark .......covveveeinnnns (614)326-0352
Time Electronics ........... 1-800-789-TIME
Dayton
FAL...ooviiiiiiiins (513)427-6090
Future Electronics ............ (513)426-0090
Hamilton/Hallmark ........... (513)439-6735
Newark ........covvnivnvinnn (513)294-8980
Time Electronics ........... 1-800~-789-TIME
Mayfield Heights
Future Electronics ............ (216)449-6996
Solon
Arrow/Schweber Electronics . .. (216)248-3990
Hamilton/Hallmark ........... (216)498-1100
Worthington
Hamilton/Hallmark ........... (614)888-3313
OKLAHOMA
Tulsa
FAL. .ot (918)492-1500
Hamilton/Hallmark ........... (918)459-6000
Newark ..........coovvnennnn. (918)252-5070
OREGON
Beaverton
Arrow/Almac Electronics Corp. . (503)629-8090
Future Electronics (503)645-9454
Hamilton/Hallmark .. {503)526-6200
Wyle Electronics ............. (503)643-7900
Portland
......................... (5603)297-5020
....... (503)297-1984
....... (503)646—-1670
Time Elactromcs ........... 1-800-789-TIME
PENNSYLVANIA
Coatesville
PENSTOCK .....covvvvvnnnn.n (610)383-9536
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Ft. Washlngton
..................... (215)654-1434
Mt. l.aurel
Wyle Electronics ............. (609)439-9110
Philadelphia
Time Electronics ........... 1-800-789-TIME
Wyle Electronics ............. (609)439-9110
Pittsburgh
Arrow/Schweber Electronics ... (412)963-6807
Newark ........ccovvvinene, (412)788-4790
Time Electronics .. ... 1-800-789-TIME
TENNESSEE
Knoxville
Newark .....cooovmuiiennnnnns (615)588-6493
TEXAS
Austin
Arrow/Schweber Electronics ... (512)835-4180
Future Electronics . ... (5612)502-0991
FAL....ooovnnnn ... (512)346-6426
Hamilton/Hallmark ... (512)258-8848
Newark ....... ... (972)458-2528
PENSTOCK ... ... (612)346-9762
Time Electronics .. . 1-800—789—TIME
Wyle Electronics ............. (512)833-9953
Benbrook
PENSTOCK ....ccvuvnnnnnnnn (817)249-0442
Caroliton
Arrow/Schweber Electronics ... (214)380-6464
Dallas
........... ... (214)231-7195
Future Electronics . ... (214)437-2437
Hamilton/Hallmark ... (214)653-4300
Newark .......... . (214)458-2528
Time Electronics .. 1—800—789—TIME
Wyle Electronics ............. (214)235-9953
El Paso
......................... (915)577-9531
Newark ..................... (915)772-6367
Ft. Worth
Allied Electronics ............. (817)336-5401
Houston
Arrow/Schweber Electronics ... (713)647-6868
FAL..ooviiiiiiiiiis (713)952-7088
Future Electronics ... (713)785-1156
Hamilton/Hallmark . (7113)781-6100
Newark .........ccovvnnnnnnns (713)894-9334
Time Electronics . ... ... 1-800-789-TIME
Wyle Electronics ............. (713)879-9953
Richardson
PENSTOCK .....ccuvvvinnnn (214)479-9215
San Antonio
(210)738-3330
(210)734-7960
UTAH
Salt Lake Ci
Arrow/Schweber Electronics ... (801)973-6913
FAL i (801)467-9696
Future Electronics . . ... (801)467-4448
Hamilton/Hallmark . ... (801)266-2022
Newark ......... ... (801)261-5660
Wyle Electronics ............. (801)974-9953
West Valley City
Time Electronics ........... 1-800~789-TIME
Wyle Electronics ............. (801)974-9953
WASHINGTON
Bellevue
Almac Electronics Corp. ...... (206)643-9992
PENSTOCK ........ovvuunnnn (206)454—2371
Bothell
Future Electronics . ........... (206)489-3400
Kirkland
Newark .............ccoeninn (206)814-6230
Redmond
Hamilton/Hallmark ........... (206)882-7000
Time Electronics ... 1-800~789-TIME
Wyle Electronics ............. (206)881-1150
Seattle
FAL...oooivienn (206)485-6616

Wyle Electronics (206)881-1150

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

WISCONSIN

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

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

(403)438-5888
.. (403)438-2858
(800)663-5500

Saskatchewan
HamiltorvHallmark ........... (800)663-5500
BRITISH COLUMBIA
Vancouver

Arrow Electronics ............ (604)421-2333

Electro Sonic Inc. ..... . (604)273-2911
FAL....ooiiniiinennen . (604)654-1050
Future Electronics ... .. . (604)294-1166
HamiltorvHalimark ........... (604)420-4101
MANITOBA
Winnip
Electro SonicInc. ........... (204)783-3105

FAL ... ... (204)786-3075
Future Electronics . (204)944-1446
Hamilton/Halimark (800)663-5500
ONTARIO
Kanata
PENSTOCK .....ccovvvnnnnn. (613)592-6088
London
Newark ......ccoovnvininnnn. (5619)685-4280
Mississauga
PENSTOCK .......ovvvnennn. (905)403-0724
Newark ........cooovvvnvnnnn. (905)670-2888

Ottawa
Arrow Electronics
Electro Sonic Inc. .

(613)226-6903
(613)728-8333

FAl..ooooviniinn, (613)820-8244

Future Electronics . (613)727-1800

Hamilton/Hallmark (613)226-1700
Toronto

Arrow Electronics ............ (905)670-7769

Electro Sonic Inc. . (416)494-1666
... (905)612-9888
(905)612-9200

(905)564-6060

Future Electronics .
Hamilton/Hallmark

Newark .........oooiiiunnn (905)670-2888
QUEBEC
Montreal
Arrow Electronics ............ (514)421-7411
7 (514)694-8157
Future Electronics ............ (514)694~7710
Hamilton/Hallmark ........... (514)335-1000
Mt. Royal
Newark ...........oooinennen, (514)738—4488
Quebec City
Arrow Electronics (418)687-4231
[ - I (418)682-5775

Future Electronics (418)877-6666

INTERNATIONAL DISTRIBUTORS

AUSTRALIA

AVNET VS| Electronics (Aust.) . ... (61)29878-1299

Veltek Australia Pty Ltd ..... (61)3 9574-9300
AUSTRIA

EBV Elektronik .... .. (43) 18941774

SEl/Elbatex GmbH ... (43) 1866420

Spoerle Electronic . ............ (43) 131872700
BELGIUM

Spoerle Electronic ............ (32) 2 725 4660

EBV Elektronik . ... (32)2716 0010

SEl/RodelcoB.V. ........... (32) 2 460 0560
BULGARIA

MacroGroup ................. (359) 2708140
CZECH REPUBLIC

Spoerle Electronic .............. (42) 2731355

SEI/EIbatex .................. (42) 24763707

MacroGroup ...............nn (42) 23412182
CHINA

Advanced Electronics Ltd. ... (852)2 305-3633
AVNET WKK Components Ltd. ... (852)2 357-8888
China EI. App. Corp. XiaMan Co. . (86)10 6818-9750
Nanco Electronics Supply Ltd. . (852) 2 765-3025

........................ or (852) 2 333-5121
Qing Cheng Enterprises Ltd. . . (852) 2 493-4202
DENMARK
ArrowExatec ............... (45) 44 927000
Avnet Nortec A/S .. (45) 44 880800
EBV Elektronik ............... (45) 39690511
ESTONIA
Arrow FieldEesti .............. (372) 6503288
Avnet Baltronic ............... (372) 6397000
FINLAND
Arrow FieldOY ............. (35) 89777571
Avnet Nortec OY .... (35) 896 13181
FRANCE
Arrow Electronique ........ (33)149784978
Avnet Components . . (33) 149652500
EBV Elektronik .... . (33) 1646886 00
Future Electronics .. .... (33)1 69821111
Newark ........ ... (33)1-30954060
SEl/Scaib ................ (33) 169 19 89 00
GERMANY
AvnetE2000 ............... (49) 89 4511001
EBV Elektronik GmbH ....... (49) 89 99114-0
Future Electronics GmbH .... (49) 89-957 270
SEl/Jermyn GmbH .......... (49) 6431-5080
Newark ..........c.couvnnn. (49)2154-70011

GERMANY - continued

Sasco Semiconductor ......... (49) 8946110

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

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

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

Spoerie Electronic ... (31) 4054 5430

SEI/Rodelco B.V. (31) 7657 227 00
HONG KONG

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

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

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

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

AIMTOW ..oiviiiiininnnnens (353) 14595540

Future Electronics ....(353) 6541330

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

AVNET EMG SRL (39) 2 381901

EBV Elektronik ....... .. (39) 2660961

Future Electronics .. (39) 2660941

Silverstar Ltd. SpA (39)266 12 51
JAPAN

AMSCCo., Ltd. ............ 81-422-54-6800

Fuji Electronics Co., Ltd. .... 81-3-3814-1411

Marubun Corporation ....... 81-3-3639-8951

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

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

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

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

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

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

AVNBE . .eviiiiiiie s (371) 8821118
LITHUANIA

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

AVNET VSI (N2) Ld......... (64)9 636-7801
NORWAY

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

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

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

POLAND

MacroGroup ................ (48) 22 224337

SEl/Elbatex ... .. (48) 22 6254877

Spoerle Electronic . .......... (48) 22 6060447
PORTUGAL

Amitron Arrow ............... (35) 114714806
ROMANIA

MacroGroup ..........ceuu.n. (401) 6343129
RUSSIA

MacroGroup ..........c..... (781) 25311476
SCOTLAND

EBV Elektronik ............ (44) 161 4993434
SINGAPORE

Future Electronics ............. (65) 479-1300

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

MacroGroup ..........oeennnn (42) 89634181
SLOVENIA

SEl/Elbatex ................ (48) 22 6254877
SPAIN

Amitron Arrow (34) 1304 30 40

EBV Elektronik .. (34) 1804 3256

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

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

Avnet NortecAB ............ (46) 8629 14 00
SWITZERLAND

EBV Elektronik (41) 17456161

SEI/Elbatex AG . (41) 56 4375111

Spoerle Electroni (41) 1 8746262
S. AFRICA

Advanced ..........oeeuunes (27) 11 4442333

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

Shapiphat Ltd. .. (66)2221-0432 or 2221-5384
TAIWAN

Avnet-Mercuries Co., Ltd ... (886)2516-7303

Solomon Technology Corp. .. (886)2 788-8989

Strong Electronics Co. Ltd. .. (886)2917-9917

UNITED KINGDOM
Arrow Electronics (UK) Ltd .. (44) 1 234 270027
Avnet/Access .. .. (44)1 462 488500
EBV Elektronik .. .. (44) 1628 783688
Future Electronics Ltd. ..... (44) 1 753 763000
Macro Group ... ... (44) 1628 60600
Newark ........covvvunens (44) 1 420 543333

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

UNITED STATES

ALABAMA

Huntsville .. (205)464-6800
ALASKA (800)635-8291
ARIZONA

TemMpe ...covviiiiiaiinaans (602)302-8056
CALIFORNIA

Calabasas .................. (818)878-6800

ivine ............... ... (714)753-7360

Los Angeles ... (818)878-6800

San Diego .......... . (619)541-2163

Sunnyvale .................. (408)749-0510
COLORADO

Denver ........coovviiiinnn. (303)337-3434
CONNECTICUT

Wallingford .................. (203)949-4100
FLORIDA

Clearwater .................. (813)524-4177

Maitland ... (407)628-2636

Pompano Beach/Ft. Lauderdale . . .. . (954)351-6040
GEORGIA

Atlanta ........coeiiiiian, (770)729-7100
IDAHO

Boise ......oviiiiiiiiiinan (208)323-9413
ILLINOIS

Chicago/Schaumburg.......... (847)413-2500
INDIANA

Indianapolis ................. (317)571-0400

Kokomo .........cevnvinnnnn (317)455-5100
IOWA

Cedar Rapids ................ (319)378-0383
KANSAS

Kansas City/Mission .......... (913)451-8555
MARYLAND

Columbia ........c.ovuvnnnn. (410)381-1570
MASSACHUSETTS

Marlborough................. (508)357-8207

Woburn ...l (617)932-9700
MICHIGAN

Detroit ........ooiiiiin, (810)347-6800
MINNESOTA

Minnetonka ................. (612)932-1500
MISSOURI

StLOUIS ..ot (314)275-7380
NEW JERSEY

Fairfield ..................... (201)808-2400
NEW YORK

Fairport ........coviiiiiint (716)425-4000

Fishkill . .. . (914)896-0511

Hauppauge (516)361-7000
NORTH CAROLINA

Raleigh ..................... (919)870-4355
OHIO

Cleveland ................... (216)349-3100

Columbus/Worthington . (614)431-84892

Dayton .......ovviiiiiinnnns (937)438-6800
OKLAHOMA

Tulsa ..oveiiiiiiie (918)459-4565
OREGON

Portland ..........c..ceunnnn (503)641-3681
PENNSYLVANIA

Colmar ........ccoveivniinnn (215)997~-1020

Philadelphia/Horsham (215)957-4100

TENNESSEE

Knoxville .................... (423)584-4841
TEXAS

Austin .......oiiiiiiiiaiine, (512)502~2100

Houston (713)251-0006
Plano........coovivvnnnnnnns (972)516-5100
VIRGINIA
Richmond ................... (804)285-2100
UTAH
CSIINC...oovvviiniiiinnenn (801)572-4010
WASHINGTON
Bellevue ..............c...... (206)454-4160
Seattle (toll free) ............. (206)622-9960
WISCONSIN
Milwaukee/Brookfieid . ........ (414)792-0122
Field Applications Engineering Available
Through All Sales Offices
CANADA
BRITISH COLUMBIA
VanCouver .........c.eevuunnn (604)606~8502
ONTARIO
Ottawa (613)226-3491
Toronto (416)497-8181
QUEBEC
Montreal ..........c.uuiiinn (514)333-3300
INTERNATIONAL
AUSTRALIA
Melbourne (61-3)98870711
SYANBY .. rrieiiiiiaaanns (61-2)99661071
BRAZIL
SaoPaulo ................. 55(11)815-4200
CHINA
Beijing ...l 86-10-68437222
Guangzhou .... .... 86-20~-87537888
Shanghai ...... .... 86-21-63747668
Tianjin coooveiiiiiiiiinn 86-22-5325072
DENMARK
Denmark......cooviveninnnnnn (45) 43488393
FINLAND
Helsinki ......oovvvniinnnn.n. 358 9 6824 400
Direct Sales Lines . ... 35806824 4044
........................... 358 9 6824 4045
FRANCE
Pars ....ooovviiiiniiniinnes 33134 635900
GERMANY
Langenhagen/Hanover ....... 49(511)786880
Munich ......oooiiiiiniiin. 49 89 92103-0
Nuremberg ........ ... 4991196-3190
Sindelfingen ....49703179710
Wiesbaden .................. 49 611 973050
HONG KONG
Kwai Fong 852-2-610-6888
TaiPoO covvviiiiiiii 852-2-666-8333
INDIA
Bangalore.................. 91-80-5598615
ISRAEL
Herzlia ............cocvvuee. 972-9-590222

ITALY

Milan .....ooiviiiiiiii 39(2)82201
JAPAN

Kyusyu ......ooevvninnnen. 81-92-725-7583

Gotanda .. 81-3-5487-8311

Nagoya ... 81-52-232-3500

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

Sendai ... 81-22-268-4333

Takamatsu 81-878-37-9972

TOKYO ©vovnennninnannnns 81-3-3440-3311
KOREA

Pusan 82(51)4635-035

Seoul 82(2)554-5118
MALAYSIA

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

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

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

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

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

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

BeSt...ooiiiiiiiiiiiine (31)4998612 11
PHILIPPINES

Manila ......oooovvvninnnnt, (63)2 822-0625
PUERTO RICO

Sanduan ..........ceiinennn (809)282-2300
SINGAPORE .................. (65)4818188
SPAIN

Madrid 34(1)457-8204

OF teeteae e eieaeiaaeanes 34(1)457-8254
SWEDEN

Solna.....covvviniininiiinn. 46(8)734-8800
SWITZERLAND

Geneva ........c.oeiiieienns 41(22)799 11 11

ZUMC et e s 41(1)730-4074
TAIWAN

Talpel oiviiiiiiiis 886(2)717-7089
THAILAND

Bangkok ........coiiiiiininns 66(2)254—-4910
UNITED KINGDOM

Aylesbury ................. 44 1 (296)395252

FULL LINE REPRESENTATIVES
CALIFORNIA, Loomis
Galena Technology Group ........ (916)652-0268

NEVADA, Renc

Galena Tech.Group .......... (702)746-0642
NEW MEXICO, Albuquerque

S&S Technologies, Inc. ....... (505)414-1100
UTAH, Salt Lake City

Utah Comp. Sales, Inc. ....... (801)572-4010
WASHINGTON, Spokane

DougKenley ................ (509)924~2322

HYBRID/MCM COMPONENT SUPPLIERS
ChipSupply ....vvvnnennnn. (407)298-7100

Elmo Semiconductor ......... (818)768~7400
Minco Technology Labs Inc. ... (512)834-2022
SemiDicelnc. .......ccvuennn (310)594-4631

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



IBM Sales Offices

North American Manufacturer’s Representatives

ALABAMA
CSR Electronics
303 Williams Ave., Suite 931
Huntsville, AL 35801
Tel: 205-533-2444
Fax: 205-536-4031

ARIZONA
Summit Sales
7802 E. Gray Rd., Suite 600
Scottsdale, AZ 85260
Tel: 602-998-4850
Fax: 602-998-5274

ARKANSAS
Bonser-Philhower Saies
689 W. Renner Rd.,
Suite 101
Richardson, TX 75080
Tel: 214-234-8438
Fax: 214-437-0897

CALIFORNIA
Centaur Corporation
17802 Sky Park Circle
Suite 101
Irvine, CA 92714
Tel: 714-261-2123
Fax: 714-261-2905

3914 Murphy Canyon Rd., #A125
San Diego, CA 92123

Tel: 619-278-4950

Fax: 619-278-0649

23901 Calabasas Rd., Suite 1063
Calabasas, CA 91302
Tel: 818-878-5800
Fax: 818-878-5818
Nexus
1616 N. Shoreline Blvd.
Suite A
Mountain View, CA 94043
Tel: 415-943-1350
Fax: 415-943-1356

COLORADO
Advanced Tech. Sales Inc.
6551 S. Revere Parkway
Suite 235
Englewood, CO 80111
Tel: 303-790-4177
Fax: 303-790—4210

CONNECTICUT
SJ Associates
10 Cooper Ridge Circle
Guilford, CT 06437
Tel: 203-458-7558
Fax: 203-458-1181

DELAWARE
SJ Associates
131-D Gaither Drive
Mt. Laurel, NJ 08054
Tel: 609-866-1234
Fax: 609-866-8627

FLORIDA
Sun Marketing Group
1956 Dairy Road
West Melbourne, FL. 32904
Tel: 407-723-0501
Fax: 407-723-3845

600 S. Federal Hwy,

Suite 218

Deerfield Beach, FL 33441
Tel: 305-429-1077

Fax: 305-429-0019

4175 E. Bay Drive Ste.128
Clearwater, FL 34624

Tel: 813-536-5771

Fax: 813-536—6933

GEORGIA
CSR Electronics

1651 M. Vernon Road Suite 200

Atlanta, GA 30338
Tel: 404-396-3720
Fax: 404-394-8387

INDIANA
Giesting & Associates
370 Ridgepoint Drive
Carmel, IN 46032
Tel: 317-844-5222
Fax: 317-844-5861
Fort Wayne, IN

370 Ridgepoint Drive
Carmel, IN 46032
Tel: 219-422-2272

IOWA
Spectrum Sales
1364 Eimhurst Dr. NE
Cedar Rapids, IA 52402
Tel: 319-366-0576
Fax: 319-366-0635

ILLINOIS (Northern)
Micro-Tex, inc.

1870 North Roselle Rd. Suite 107

Schaumburg, IL
60195~-3100
Tel: 708-885-8200

ILLINOIS (Southern)
Spectrum Sales
5494 Brown Rd.
Suite 124
St. Louis, MO 63042
Tel: 314-731-4477
Fax: 314-731-1332

KANSAS
Spectrum Sales
5382 W. 95th St.
Prairie Village, KS 66207
Tel: 913-648-6811
Fax: 913-648-6823

KENTUCKY
Giesting & Associates
212 Grayhawk Court
Versailled, KY 40383
Tel: 606-873-2330
Fax: 606-873-6233

LOUISIANA
Bonser—Philhower Sales
10700 Richmond, Ste. 150
Houston, TX 77042
Tel: (713) 782-4144
Fax: (713) 789-3072

MICHIGAN
Giesting & Associates
Eight Mile Rd., Suite 113
Livonia, Ml 48152
Tel: 313-478-8106
Fax: 313-477-6908
1279 Shyhills, N.E.

Comstock Park, M 49321
Tel: 616-784-9437
Fax: 616-784-9438

MINNESOTA
PSI

8000 Town Line Avenue, South Suite 206

Bloomington, MN 55438
Tel: 612-944-8545
Fax: 612-944-6249

MISSOURI
Spectrum Sales
5494 Brown Rd.
Suite 124
St. Louis, MO 63042
Tel: 314-731-4477
Fax: 314-731-1332

ME, MA, NH, RI, VT
Mill-Bern Associates
2 Mack Rd.
Woburn, MA 01801
Tel: 617-932-3311
Fax: 617-932-0511
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NEBRASKA 26250 Euclid, Ste. 521 TEXAS
Spectrum Sales Cleveland, OH 44132 Bonser—Philhower Sales
5382 W. 95th St. Tel: 216-261-8705 8240 MoPac Expressway, Suite 250
Prairie Village, KS 66207 Fax: 216-261-5624 Austin, TX 78759
Tel: 913-648-6811 Tel: 512-346-9186
Fax: 913-648-6823 |2=~8?>4 g{')uesﬂg;g Rd. Fax: 512-346-2393
. O. Box 39
L " 10700 Richmond, Ste. 150
NEW YORK/NEW JERSEY Cincinnati, OH 45239 Houston, TX 77042
SJ Associates Tel: 513-385-1105 Tel: 713-782-4144
265 Sunrise Highway Fax: 513-385-5069 Fax: 713-789-3072
Rockville Centre, NY 11570
Tel: 516-536-4242 OKLAHOMA giis' Z\l{ol?enner Rd.
Fax: 516-536-9638 B:;\:a;'—;:lnl::zer Sales Richardson, TX 75080
131-D Gaither Dr. Suite 1'01 ) Tel: 214-234-8438
M. Laurel, NJ 08054 L Fax: 214-437-0897
Tel: ’ 12 Richardson, TX 75080 ical Marketing, |
el: 609-866-1234 Tel: 214-234-8438 Technical Marketing, inc.

Fax: 609-866-8627 3320 Wiley Post Road
Carroliton, TX 75006

547 West Lake Road Tel: 214-387-3601

Fax: 214-437-0897

Canadaigua, NY OREGON Fax: 214-387-3605
Tel: 716-394-3281 Northwest Marketing Assoc.
Fax: 716-394-1139 6975 S.W. Sandburg Rd. VIRGINIA
Suite 330 SJ Associates
NORTH CAROLINA Portland, OR 97223 900 S. Washington Street
CSR Electronics Tel: 503-620-0441 Falls Church, VA 22046
5848 Farington Place Ste.2 Fax: 503-684—2541 Tel: 703-533-2233
Raleigh, NC 27609 Fax: 703-533-2236
Tel: 919-878-9200 PENNSYLVANIA WASHINGTON
Fax: 919-878-9117 Giesting & Associates Northwest Marketing Assoc.
" 471 Walnut Street 12835 Bellevue-Redmond
?:dzi:nc‘ltre;sl,cggezao7g Pittsburgh, PA 15238 Suite 330N
Tel: 704-882-3995 Tel: 412-828-3553 Bellevue, WA 98005
Fax: 704-882-3999 Fax: 412-828-6160 Tel: 206-455-5846
rax. cuo—4oi—ii1ouv
OHIO TENNESSEE WISCONSIN
Giesting & Associates CSR Electronics Micro-Tex, Inc.
6324 Tamworth Court 406 Union Ave. Ste. 550 22660 Broadway, Suite 4A
Dublin, OH 43017 Knoxville, TN 37902 Waukesha, Wi 53186
Tel: 614-792-5900 Tel: 615-637-0293 Tel: 414-542-5352
Fax: 614-792-6601 Fax: 615-637-0466 Fax: 414-542-7934
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North American Distributors

Marshall Industries
9320 Telstar Avenue
El Monte, CA 91731
Tel: 818-307-6241
1-800-877-9839, Ext.726

Bell Industries
11812 San Vincente Boulevard
Los Angeles, CA 90049-5022
Tel: 310-447-6307
1-800-1BM-UPGR

European Manufacturer’s Representatives

BlueMicroelectronics Limited
Albion House, Victoria Promenade
Northampton, N11, 1HH
United Kingdom
Tel: 44-1-604-603310
Fax: 44-1-604-603320

Leading Technologies SA
1 Avenue des Neuvilles
1920 Martigny,
Switzerland
Tel: 41-26-232257
Fax: 41-26-228609

IBM Ireland, Inc.
2 Burlington Road
Dublin 4
ireland
Tel: 363-1-6603744
Fax: 353-1-6604389

IBM Svenska AB
(1BM Nordic) M/S 6-02
S-164 92 Stockhoim
Sweden
Tel: (468) 793-4678
Fax: (468) 793-2456

Bell Microproducts
1941 Ringwood Avenue
San Jose, CA 95131-1721
Tel: 408-451-1624
1-800-995-1999

IBM Germany
D/0018 7056—-02
Pascalstrasse 100
D-70569 Stuttgart, Germany
Tel: (49) 7031-166393
Fax: (49) 7031-166306

IBM Vimercate
Via Lecco 61
20059 Vimercate,
Italy
Tel: (39) 39-600-4882
Fax: (39) 39-600-5039
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European Distributors

Aviv Electronics
4, Hayetzira St.
Ra,anana, 43100
Israel
Tel: 972-9-983232
Fax: 972-9-916510

A2M
5, rue Carle Vernet
F-92315 Sevres Cedex, France
Tel: (33) 1-46-237900
Fax: (33) 1-46-237923

Macro Marketing Ltd.
Burnham Lane
Slough SL1 6LN
United Kingdom
Tel: 44-628-604383
Fax: 44-628-666873

Farnell Electronics PLC
Bahnhofstrasse 44
D71696 Moglingen, Germany
Tel: (49)-7141-487321
Fax: (49)-7141-487359

ACAL Nederland BV
Beatrix de Rijkweg, 8
NL-5657 EG Eindhoven,
the Netherlands
Tel: 31-40-502-602
Fax: 31-40-510-255

Asia/Pacific Manufacturer’s Representative

Microelectronics Packaging, Inc.
1003 Bukit Merah Central #04-01

Singapore 0315
Tel: 65-278-2401
Fax: 65-272-1150

IBM China/Hong Kong Corp.
42nd Floor, OEM Marketing
2 Exchange Square
8, Connaught Place
Hong Kong
Tel: (852) 28250967
Fax: (852) 2877-6706

TCTC 6F. No. 2
Sec. |., Tung-Hwa S. Rd.
Taipei, Taiwan, R.O.C.
Tel: (886) 2-775-9811
Fax: (886) 2-751-8989
IBM Korea
Hanil Building, 19 FI
25-11 Yoido—-dong
YYeongdeungpo—gu
Seoul, Korea
Tel: (822) 781-7575
Fax: (822) 784-0530

Ericsson Standard Components
AB

Isfordsgatan 16

S-164 81 Stockholm, Sweden

Tel: (46) 8~757-5000

Fax: (46) 8-757-4919

ACAL, Belgium
Lozenberg, 4
B-1932 Zaventem
Belgium
Tel: 32-2-720-59-83
Fax: 32-2-725-45-15

IBM Australia
Coonara Avenue

AAlaod Do YSWHTPY
VVEIL Folniaiin ni

NSW 2125

Australia

Tel: 61-2-354-4407
Fax: 61-2-354-7766
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Asia/Pacific Distributors

Segyung Techcell Co., Ltd. Willas—Array (Holdings) Ltd.
Nonhyun Dansan Bldg. 24F, Wyler Centre, Phase 2
270~-45 Nonhyun-Dong, 200 Tai Lin Pai Road
Kangnam-Gu Kwai Chung, Hong Kong
Seoul, 135-012 Korea Tel: 9-011-852-418-3700
Tel: 822-272-98811/6 Fax: 9-011-852-484-1045
Fax: 822-275-9448 Golden Way Electronics Corp.

Serial System Pte Ltd. 5F, 391 Hein Road, Sec.4
11, Jalan Mesin #06-00 Taipei, Taiwan
Standard Industrial Buiiding, R.O.C.

Republic of Tel: 886-2-698—1868
Singapore 1336 Fax: 886-2-698-1858

Tel: 65—-280-0200
Fax: 65-286-1812, 286-6723

Japanese Distributors

Hakuto Co., Ltd.
1-13, 1-chome,
Shinjuku-ku
Tokyo, 160 Japan
Tel: 81-3-3355-7607
Fax: 81-3-3355-7692

Latin American Manufacturer’s Representatives

IBM Brazil
LT DA C.P. 71-Campinas
Sao Paulo, Brazil
13001-970
Tel: 55-192 65 7279
Fax: 55-192 65 7671
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PowerPC

IBM Microelectronics Division
1580 Route 52, Bldg. 504
Hopewell Junction, NY
12533-6531

Tel. (800) PowerPC

G522-0291-00

@ MOTOROLA

Motorola Literature Distribution Centers:
USA/EUROPE: Motorola Literature Distribution,
P.O. Box 5405, Denver, Colorado 80217;

Tel.: 1-800-441-2447 or (303) 675-2140

JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC,

6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi
Koto-Ku, Tokyo 135, Japan; Tel.: 81-3-3521-8315

ASIA-PACIFIC: Motorola Semiconductors H.K. Ltd.,

8B Tai Ping Industrial Park, 51 Ting Kok Road,
Tai Po, N.T., Hong Kong;
Tel.: 852-26629298

Mfax™: RMFAX0 @ email.sps.mot.com;
TOUCHTONE (602) 244-6609

US and Canada 1-800-774-1848
INTERNET: http://www.mot.com/SPS/

Technical Information:

Motorola Inc. SPS Customer Support Center;
Tel. (800) 521-6274

Document Comments:

FAX (512) 891-2638,

Attn: RISC Applications Engineering

World Wide Web Address:
http://www.motorola.com/powerpc/

Mfax is a trademark of Motorola, Inc.
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