


















































































































































































































































































































































































































































































































































































































































































































































8.8.2 Checkstops 
The 604 has two checkstop input signals-CKSTP _IN and MCP (when MSR[ME] is 
cleared, and HIDO[EMCP] is set), and a checkstop output (CKSTP _OUT). If CKSTP _IN 
or MCP is asserted, the 604 halts operations by gating off all internal clocks. The 604 
asserts CKSTP _OUT if CKSTP _IN is asserted. 

If CKSTP _OUT is asserted by the 604, it has entered the checkstop state, and processing 
has halted internally. The CKSTP _OUT signal can be asserted for various reasons 
including receiving a TEA signal and detection of external parity errors. For more 
information about checks top state, see Section 4.5.2.2, "Checkstop State (MSR[ME] = 0)." 

8.8.3 Reset Inputs 
The 604 has two reset inputs, described as follows: 

• HRESET (hard reset)--The HRESET signal is used for power-on reset sequences, 
or for situations in which the 604 must go through the entire cold-start sequence of 
internal hardware initializations. 

• SRESET (soft reset)-The soft reset input provides warm reset capability. This 
input can be used to avoid forcing the 604 to complete the cold start sequence. 

When either reset input is negated, the processor attempts to fetch code from the system 
reset exception vector. The vector is located at offset OxOO 1 00 from the exception prefix (all 
zeros or ones, depending on the setting of the exception prefix bit in the machine state 
register (MSR[lPD. The IP bit is set for HRESET. 

8.8.4 PowerPC 604 Microprocessor Configuration during HRESET 
The 604's bus interface can be configured into one of two modes during a hard reset, as 
described in Table 8-10. 

Table 8-10. PowerPC 604 Microprocessor Mode Configuration during HRESET 

604 Mode Input Signal Used Timing Requirements Notes 

Nonnal bus mode t>ATRV Must be negated throughout the 
duration of the �~� assertion. 
After �~� negation. t>J!i'rRV 
can be used normally. 

Fast-L2Idata streaming t>ATRV Must be asserted and negated Can be implemented by 
mode coincidentally with RREm and tying t>RTRV to 

remain negated during normal RRESET. 
operation. 
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8.9 Processor State Signals 
This section describes the 604's support for atomic update and memory through the use of 
the Iwarx/stwcx. opcode pair. 

8.9.1 Support for the Iwarx/stwcx. Instruction Pair 
The Load Word and Reserve Indexed (Iwarx) and the Store Word Conditional Indexed 
(stwcx.) instructions provide a means for atomic memory updating. Memory can be 
updated atomically by setting a reservation on the load and checking that the reservation is 
still valid before the store is perfonned. In the 604, the reservations are made on behalf of 
aligned, 32-byte sections of the memory address space. 

The reservation (RSRV) output signal is driven synchronously with the bus clock and 
reflects the status of the reservation coherency bit in the reservation address register (see 
Chapter 3, "Cache and Bus Interface Unit Operation," for more infonnation). See 
Section 7.2.10.2, "Reservation (RSRV)-Output," for information about timing. 

8.10 IEEE 1149.1-Compliant Interface 
The 604 boundary-scan interface is a fully-compliant implementation of the IEEE 1149.1 
standard. This section describes the 604 IEEE 1149.1(JTAG) interface. 

8.10.1 IEEE 1149.1 Interface Description 
The 604 has five dedicated JTAG signals which are described in Table 8-11. The TOI and 
TOO scan ports are used to scan instructions as well as data into the various scan registers 
for JTAG operations. The scan operation is controlled by the test access port (TAP) 
controller which in turn is controlled by the TMS input sequence. The scan data is latched 
in at the rising edge of TCK. 

Table 8-11. IEEE Interface Pin Descriptions 

Signal Name Input/Output 
Weak Pullup 

IEEE 1149.1 Function 
Provided 

TOI lf1)ut Yes Serial scan if1)ut pin 

TOO Output No Serial scan output pin 

TMS lf1)ut Yes TAP controller mode pin 

TCK lf1)ut Yes Scan clock 

TRST lf1)ut Yes TAP controller reset 

TRST is a JTAG optional signal which is used to reset the TAP controller asynchronously. 
The TRST signal assures that the JTAG logic does not interfere with the nonnal operation 
of the chip, and should be held asserted during normal operation. The remaining JTAG 
signals are provided with internal pullup resistors, and may be left unconnected. 
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Boundary scan description language (BSDL) files for the 604 and other PowerPC 
microprocessors are available in the RISe support area of the Motorola Freeware Data 
Services bulletin board system. The bulletin board system, located in Austin, Texas, can be 
reached at (512) 891-3733; the connecting terminal or terminal emulator should be 
configured with 8-bit data, no parity, and one start and one stop bit. Asynchronous 
transmission rates to 14.4K bits per second are supported. 

8.11 Using Data Bus Write Only 
The 604 supports split-transaction pipelined transactions. It supports a limited out-of-order 
capability for its own pipelined transactions through the data bus write only (DBWO) 
signal. When recognized on the clock of a qualified DBG, the assertion of DBWO directs 
the 604 to perform the next pending data write tenure (if any), even if a pending read tenure 
would have normally been performed because of address pipelining. The DBWO does not 
change the order of write tenures with respect to other write tenures from the same 604. It 
only allows that a write tenure be performed ahead of a pending read tenure from the same 
604. 

In general, an address tenure on the bus is followed strictly in order by its associated data 
tenure. Transactions pipelined by the 604 complete strictly in order. However, the 604 can 
run bus transactions out of order only when the external system allows the 604 to perform 
a cache line snoop push out operation (or other write transaction, if pending in the 604 write 
queues) between the address and data tenures of a read operation through the use of 
DBWO. This effectively envelopes the write operation within the read operation. 
Figure 8-29 shows how the DBWO signal is used to perform an enveloped write 
transaction. 

LJ 

Write Address 

Enveloped Write 
Transaction 

(2) ______ ...., (1)r----_____ _ 

L-J LJ 
~ --,~ ________________ ~r_l~ ________________ ~r__ 

UBWO --u-

Figure 8-29. Data Bus Write Only Transaction 
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Note that although the 604 can pipeline any write transaction behind the read transaction, 
special care should be used when using the enveloped write feature. It is envisioned that 
most system implementations will not need this capability; for these applications DBWO 
should remain negated. In systems where this capability is needed, DBWO should be 
asserted under the following scenario: 

1. The 604 initiates a read transaction (either single-beat or burst) by completing the 
read address tenure with no address retry. 

2. Then, the 604 initiates a write transaction by completing the write address tenure, 
with no address retry. 

3. At this point, if DBWO is asserted with a qualified data bus grant to the 604, the 604 
asserts DBB and drives the write data onto the data bus, out of order with res~o 
the address pipeline. The write transaction concludes with the 604 negating DBB. 

4. The next qualified data bus grant signals the 604 to complete the outstanding read 
transaction by latching the data on the bus. This assertion of DBG should not be 
accompanied by an asserted DBWO. 

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

Note the following regarding DBWO: 

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

• The ordering and presence of data bus writes is determined by the writes in the write 
queues at the time BG is asserted for the write address (not DBG). A cache-line 
snoop push-out operation has the highest priority, and takes precedence over other 
queued write operations. 

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

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

Note that use of the DBWO signal allows some operation-level tagging with respect to the 
604 and the use of the data bus. 
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Chapter 9 
Performance Monitor 
The PowerPC 604 microprocessor provides a performance monitor facility to monitor and 
count predefined events such as processor clocks, misses in either the instruction cache or 
the data cache, instructions dispatched to a particular execution unit, mispredicted 
branches, and other occurrences. The count of such events (which may be an 
approximation) can be used to trigger the performance monitor exception. The 
performance monitor facility is not defined by the PowerPC architecture. 

The performance monitor can be used for the following: 

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

• To improve processor architecture, the detailed behavior of the 604 's structure must 
be known and understood in many software environments. Some environments may 
not easily be characterized by a benchmark or trace. 

• To help system developers bring up and debug their systems. 

The performance monitor uses the following 604-specific special-purpose registers (SPRs): 

• Performance monitor counters 1 and 2 (PMCI and PMC2)-two 32-bit counters 
used to store the number of times a certain event has been detected 

• The monitor mode control register (MMCRO), which establishes the function of the 
counters. 

• Sampled instruction address and sampled data address registers (SIA and SDA). 
Depending on how the performance monitor is configured, these registers point to 
the data or instruction that caused a threshold-related performance monitor interrupt. 

The 604 supports a performance monitor interrupt that is caused by a counter negative 
condition or by a time-base flipped bit counter defined in the MMCRO register. 

As with other PowerPC interrupts, the performance monitor interrupt follows the normal 
PowerPC exception model with a defined exception vector offset (OxOOFOO). The priority 
of the performance monitor interrupt is below the external interrupt and above the 
decrementer interrupt. The contents of the SIA and SDA are described in Section 9.1.1.2.1, 
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"Sampled Instruction Address Register (SIA)," and Section 9.1.1.2.2, "Sampled Data 
Address Register (SDA)," respectively. The performance monitor counter registers are 
described in Section 9.1.1.1, "Performance Monitor Counter Registers (PMCI and 
PMC2)." 

9.1 Performance Monitor Interrupt 
The 604 performance monitor is a software-accessible mechanism that provides detailed 
information concerning the dispatch, execution, completion, and memory access of 
PowerPC instructions. A performance monitor interrupt (PMI) can be triggered by a 
negative counter (most significant bit set to one) condition. If the interrupt signal condition 
occurs while MSR[EE] is cleared, the interrupt is delayed until the MSR[EE] bit is set. A 
PM! may also occur when certain bits in the time base register change from 0 to 1; this 
provides a way to generate interrupts based on a time reference. 

Depending on the type of event that causes the PMI condition to be signaled, the 
performance monitor responds in one of two ways: 

• When a threshold event causes a PMI to be signaled, the exact addresses of the 
instruction and data that caused the counter to become negative are saved in the 
sampled instruction address (SIA) register and the sampled data address (SDA) 
register, respectively. For more information, see Section 9.1.2.2, "Threshold 
Events." 

• For all other programmable events that cause a PMI, the address of the last 
completed instruction during that cycle is saved in the SIA, which allows the user to 
determine the part of the code being executed when a PMI was signaled. Likewise, 
the effective address of an operand being used is saved in the SDA. Typically, the 
operands in the SDA and SIA are unrelated. For more information, see 
Section 9.1.2.3, "Nonthreshold Events." 

When the performance monitor interrupt is signaled, the hardware clears MMCRO[ENINT] 
and prevents the changing of the values in the SIA and SDA until ENINT is set by software. 
The MMCRO is described in the Section 9.1.1.3, "Monitor Mode Control Register 0 
(MMCRO)." 

The following section describes the SPRs used with the performance monitor. 

9.1.1 Special-Purpose Registers Used by Performance Monitor 
The performance monitor incorporates the SPRs listed in Table 9-1. The SIA register is 
located in the sequencer unit and the SDA register is located in the LSU. All of these 
supervisor-level registers are accessed through mtspr and mfspr instructions. The 
following table shows more information about all performance monitor SPRs. 
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Table 9-1. Performance Monitor SPRs 

SPR Number spr[5-9)II spr[O-4) Register Name Access Level 

952 Ob1110111000 MMCRO Supervisor 

953 Ob1110111001 PMC1 Supervisor 

954 Ob11101 11010 PMC2 Supervisor 

955 Ob1110111011 SIA Supervisor 

959 Ob1110111111 SDA Supervisor 

9.1.1.1 Performance Monitor Counter Registers (PMC1 and PMC2) 
PMCl and PMC2 are 32-bit counters that can be programmed to generate interrupt signals 
when they are negative. Counters are considered to be negative when the high-order bit (the 
sign bit) becomes set; they reach the value Ox8000_0000, that is, all zeros with the most 
significant bit, or sign bit, set. However, an interrupt is not signaled unless both 
MMCRO[INTCONTROL] and MMCRO[ENINT] are also set. 

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

PMCl and PMC2 are SPRs 953 and 954, respectively, and can be read and written to by 
using the mfspr and mtspr instructions. Software is expected to use the mtspr instruction 
to explicitly set the PMC register to nonnegative values. If software sets a negative value, 
an erroneous interrupt may occur. For example, if both MMCRO[INTCONTROL] and 
MMCRO[ENINT] are set and the mtspr instruction is used to set a negative value, an 
interrupt signal condition may be generated prior to the completion of the mtspr and the 
values of the SIA and SDA may not have any relationship to the type of instruction being 
counted. 

The event that is to be monitored can be chosen by setting the appropriate bits in the 
MMCRO[l9-3l]. The number of occurrences of these selected events is counted from the 
time the MMCRO was set either until a new value is introduced into the MMCRO register 
or until a performance monitor interrupt is generated. Table 9-2 and Table 9-3 list the 
selectable events for the PMCl and PMC2 registers, respectively, with their appropriate 
MMCRO encodings. 

9.1.1.1.1 PMC1 Selectable Events 
The events counted by PMCl can be divided into two groups. 

• Events that can occur only once per cycle. These are the most common. 

• Events can have as many as four occurrences per cycle, such as instructions 
dispatched per clock. 
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Events selectable for counting by PMCI are listed, along with their MMCRO[19-25] 
encodings, in Table 9-2. 

Table 9-2. PMC1 Events-MMCRO [19-25] Select Encodlngs 

Encoding Description 

0000000 Nothing. Register counter holds current value. 

0000001 Processor cycles are counted 

0000010 Count the number of instructions completed per cycle. legal values are 000, 001, 010, 011, 100. 

0000011 RTCSElECT bit transition. (0 = 47, 1 = 51,2 = 55, 3 = 63) 
Bits from the time-base lower register (TBl). 

0000100 Number of instructions dispatched. From zero to four instructions per cycle 

0000101 Instruction cache misses (speculative (Instruction cache line-fill)) 

0000110 dtlb misses (not speculative) 

0000111 Branch incorrectly predicted 

0001000 Number of reservations requested 

0001001 Number of load data cache misses that exceeded the threshold value with lateral L2 cache 
intervention. For more information on l2 cache intervention, see Section 7.2.10.3, "l2 Intervention 
(l2_INT)-I~ut." 

0001010 Number of store data cache misses that exceeded the threshold value with lateral l2 cache 
intervention 

0001011 Number of mtspr instructions dispatched 

0001100 Number of sync instructions completed 

0001101 Number of alalo instructions completed 

0001110 Number of integer instructions completed every cycle (no loads or stores) 

0001111 Number of floating-point instructions completed every cycle (no loads or stores) 

0010000 lSU produced result without an exception condition 

0010001 SCIU1 unit produced result. (add, subtract, compare, rotate, shift, or logical instructions) 

0010010 FPU produced result 

0010011 Number of instructions dispatched to the lSU 

0010100 Number of instructions dispatched to the SCIU1 unit 

0010101 Number of instructions dispatched to the floating-point unit 

0010110 Snoop requests received. Valid snoops from outside the 604. Does not know if it is a hit or miss. 

001 0111 Number of marked load data cache misses that exceeded the threshold value without lateral L2 
intervention. 

0011000 Number of marked store data cache misses that exceeded the threshold value without lateral L2 
intervention 
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9.1.1.1.2 PMC2 Selectable Events 
The events counted by PMC2 follow the same groupings explained in the previous section. 
The differences between PMCl and PMC2 event selection are as follows: 

• Different bits of the MMCRO register are decoded in order to select events. 

• PMC2 has fewer events. 

Events selectable for counting by PMC2 are listed, along with their MMCRO[26-31] encodings, 
are listed in Table 9-3. 

Table 9-3. PMC2 Events-MMCRO [26-31] Select Encoding 

Encoding Description 

000000 Nothing. Register counter holds current value 

000001 Processor cycles 

000010 Number of instructions completed. Legal values are 000, 001, 010, 011. and 100. 

000011 RTCSELECT bit transition. 0 = 47, 1 = 51, 2 = 55, 3 = 63 bits from the time base lower register. 

000100 Number of instructions dispatched 

000101 Number of cycles a load miss takes 

000110 Data cache misses (data cache line fill) 

000111 Number of itlb misses 

001000 Number of branches completed. Indicates the number of branch instructions completed every cycle. 
00 None 
01 Illegal value 
10 One 
11 Two 

001001 Number of reservations successfully obtained 

001010 Number of mfspr instructions dispatched (speculative) 

001011 Number of icbl instructions. The icbi instruction may not hit in the cache. 

001100 Number of pipeline-flushing operations (sc, isync, mtspr[xer). floating-point operations with divide 
by 0 or invalid operand when the 604 is in precise mode, branch when MSR[BE) is set, Iswx with 
XER = 0 and SO set). 

001101 Branch unit produced result (branch or CR-Iogical instruction finished) 

001110 SCIUO unit produced result (add, subtract, compare, rotate, shift, or logical instruction) 

001111 MCIU unit produced result (multiply/divide or SPR instruction) 

01 0000 Number of instructions dispatched to the branch unit 

01 0001 Number of instructions dispatched to the SCIUO unit 

010010 Number of loads completed. From 0 to 4 instructions per cycle. Indicates the number of load 
instructions being completed every cycle. These include all cache operations, t1ble, tlbsync, sync, 
elelo, and Icbl. 

010011 Number of instructions dispatched to the MCIU 

010100 Number of snoop hits occurred 
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9.1.1.2 SIA and SDA Registers 
The two address registers contain the addresses of the data or the instruction that caused a 
threshold-related perfonnance monitor interrupt. For more information on 
threshold-related interrupts, see Section 9.1.2.2, "Threshold Events." 

9.1.1.2.1 Sampled Instruction Address Register (SIA) 
The SIA contains the effective address of an instruction executing at or around the time that 
the processor signals the performance monitor interrupt condition. If the performance 
monitor interrupt was triggered by a threshold event, the SIA contains the exact instruction 
that caused the counter to become negative. The instruction whose effective address is put 
in the SIA is called the sampled instruction. 

If the performance monitor interrupt was caused by something besides a threshold event, 
the SIA contains the address of the last instruction completed during that cycle. The SDA 
contains an effective address that is not guaranteed to match the instruction in the SIA. The 
SIA and SDA are supervisor-level SPRs. 

The SIA can be read by using the mfspr instruction and written to by using the mtspr 
instruction (SPR 955). 

9.1.1.2.2 Sampled Data Address Register (SOA) 
The SDA contains the effective address of an operand of an instruction executing at or 
around the time that the processor signals the performance monitor interrupt condition. In 
this case the SDA is not meant to have any connection with the value in the SIA. If the 
perfonnance monitor interrupt was triggered by a threshold event, the SDA contains the 
effective address of the operand of the SIA. 

If the performance monitor interrupt was caused by something other than a threshold event, 
the SIA contains the address of the last instruction completed during that cycle. The SDA 
contains an effective address that is not guaranteed to match the instruction in the SIA. The 
SIA and SDA are supervisor-level SPRs. 

The SDA can be read by using the mfspr instruction and written to by using the mtspr 
instruction (SPR 959). 

9.1.1.2.3 Updating SIA and SOA 
The values of the SIA and SDA registers depend on the type of event being monitored. 
These registers have predicted values after a PMI is signaled. A PMI may be signaled, but 
not serviced because the exception is masked by the MSR(EE) bit. Programmers must 
make sure that this bit is set active in order to take the PM!. 

9.1.1.3 Monitor Mode Control Register 0 (MMCRO) 
, The monitor mode control register 0 (MMCRO) is a 32-bit SPR (SPR 952) whose bits are 
partitioned into bit fields that determine the events to be counted and recorded. The 
selection of allowable combinations of events causes the counters to operate concurrently. 
Control fields in the MMCRO select the events to be counted, can enable a counter overflow 
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to initiate a perfonnance monitor interrupt, and specify the conditions under which 
counting is enabled. 

The MMCRO can be written to or read only in supervisor mode. The MMCRO includes 
controls, such as counter enable control, counter overflow interrupt control, counter event 
selection, and counter freeze control. 

This register is cleared at power up. Reading this register does not change its contents. The 
fields of the register are defined in Table 9-4. 

Table 9-4. MMCRO Bit Settings 

Bit Name Description 

0 DIS Disable counting unconditionally 
0 The values of the PMCn counters can be changed by hardware. 
1 The values of the PMCn counters cannot be changed by hardware. 

1 DP Disable counting while in supervisor mode 
0 The PMCn counters can be changed by hardware. 
1 " the processor is in supervisor mode (MSR[PR] is cleared), the counters are 

not changed by hardware. 

2 DU Disable counting while in user mode 
0 The PMCn counters can be changed by hardware. 
1 " the processor is in user mode (MSR[PR) is set), the PMC counters are not 

changed by hardware). 

3 OMS Disable counting while MSR[PM] is set 
0 The PMCn counters can be changed by hardware. 
1 "MSR[PM] is set, the PMCn counters are not changed by hardware. 

4 DMR Disable counting while MSR[PM] is zero. 
0 The PMCn counters can be changed by hardware. 
1 "MSR[PM] is cleared, the PMCn counters are not changed by hardware. 

5 ENINT Enable performance monitor interrupt signaling. 
0 Interrupt signaling is disabled. 
1 Interrupt signaling is enabled. 
This bit is cleared by hardware when a performance monitor interrupt is Signaled. 
To reenable these interrupt signals, software must set this bit after servicing the 
performance monitor interrupt. This bit is cleared before passing control to the 
operating system. 

6 DISCOUNT Disable counting of PMC1 and PMC2 when a performance monitor interrupt is 
signaled (that is, «PMCnINTCONTROL = 1) & (PMCn[O] = 1) & (ENINT = 1)) or 
the occurrence of an enabled time base transition with ((INTONBITTRANS =1) & 
(ENINT = 1)). 
0 Signaling a performance monitor interrupt has no effeet on the counting 

status of PMC1 and PMC2. 
1 Signaling a performance monitor interrupt prevents the PMC1 counter from 

changing. The PMC2 counter does not change if PMC2COUNTCTL = o. 
Because, a time-base signal could have occurred along with an enabled counter 
negative condition, software should always reset INTONBITTRANS to zero, if the 
value in INTONBITTRANS was a one. 
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Table 9-4. MMCRO Bit Settings (Continued) 

Bit Name Description 

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

9 INTONBITIRANS Cause interrupt signaling on bit transition (identified in RTCSELECT) from off to 
on. 
0 Do not allow interrupt signal if chosen bit transitions. 
1 Signal interrupt if chosen bit transitions. 
Software is responsible for setting and clearing INTONBITIRANS. 

10-15 THRESHOLD Threshold value. All 6 bits are supported by the 604 processor; allowing threshold 
values from 0 to 63. The intent of the THRESHOLD support is to be able to 
characterize L 1 data cache misses. 

16 PMC11NTCONTROL Enable interrupt signaling due to PMC1 counter negative. 
0 Disable PMC1 interrupt signaling due to PMC1 counter negative. 
1 Enable PMC1 Interrupt signaling due to PMC1 counter negative. 

17 PMC21NTCONTROL Enable interrupt signaling due to PMC2 counter negative. This signal overrides 
the setting of DISCOUNT. 
0 Disable PMC2 interrupt signaling due to PMC2 counter negative. 
1 Enable PMC2 Interrupt signaling due to PMC2 counter negative. 

18 PMC2COUNTCTL May be used to trigger counting of PMC2 after PMC1 has become negative or 
after a performance monitor interrupt is signaled. 
0 Enable PMC2 counting 
1 Disable PMC2 counting until PMC 1 bit 0 is set or until a performance monitor 

interrupt is signaled. 
This signal can be used to trigger counting of PMC2 after PMC1 has become 
negative. This provides a triggering mechanism for counting after a certain 
condition occurs or after a preset time has elapsed. It can be used to support 
getting the count associated with a specific event. 

19-25 PMC1SELECT PMC1 input selector, 128 events selectable; 25 defined. See Table 9-2. 

26-31 PMC2SELECT PMC2 input selector, 64 events selectable; 21 defined. See Table 9-3. 

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

• (Supervisor) only 

• (User) only 
• (Marked and user) only 

• (Not marked and user) only 
• (Marked and supervisor) only 
• (Not marked and supervisor) only 

• (Marked) only 
• (Not marked) only 

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

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

• Counting is unconditionally disabled regardless of the states of MSR[PM] and 
MSR[PR]. This is done by setting MMCRO[O]. 

The performance monitor counters track how often a selected event occurs and are used to 
generate performance monitor exceptions when an overflow (most significant bit is a 1) 
situation occurs. The 604 performance monitor contains two counters. This register is 
cleared at startup and can be updated through an mtspr instruction. 

The 32-bit registers can count up to Ox7FFFFFFF (2,147,483,648 in decimal) before 
becoming negative. The most significant bit (bit 0) of both registers is used to determine if 
an interrupt condition exists. 

9.1.2.1 Event Selection 
Event selection is handled through PMCI and PMC2, described in Table 9-2 and Table 9-3, 
respectively. Event selection is described as follows: 

• The event select fields are located in MMCRO. There are 7 bits associated with 
PMC 1 and 6 bits associated with PMC2. Only the low order 5 bits are used for 
selection. The higher order bits are reserved for future applications. 

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

• The first five events are common to both counters. These are considered to be 
reference events. 

• Some events can have multiple occurrences per cycle, and therefore need two or 
three bits to represent them. These events are number 2, 4, 14, 15 for PMCI and 
2,4,8, 18 for PMC2. 
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9.1.2.2 Threshold Events 
These PMCI events are numbers 9, 10, 23, and 24. These events monitor load and store 
misses (with and without lateral L2 intervention). Only "marked" loads and stores (loads 
and stores at queue position 0) are monitored. See Section 9.1.2.2.1, "Threshold 
Conditions," for more information. 

When a marked operation is detected, the SDA is updated with the effective address. When 
the marked instruction finishes executing, the SIA will be updated with the address of that 
instruction. Thus, when a PMI is signaled (as a result of a threshold event) the SIA and SDA 
contains the exact SIA and SDA belonging to the instruction that caused PMCI to become 
negative; see Section 9.1.2.2.3, "Warnings," for further information. 

9.1.2.2.1 Threshold Conditions 
The ability to generate a PMI based on a threshold condition makes it· possible to 
characterize Ll data cache misses. Specifically, the programmer should be able to identify 
(through repeated runs and sampling) the time distribution required to satisfy Ll cache 
misses. For example, if PMC 1 is counting load misses and the threshold is set to two 
(cycles), only load misses taking more than two cycles are counted. Repeated runs with 
different threshold values would allow construction of a load-miss distribution chart. 

When a load (or store) miss arrives in the load/store queue, the threshold control logic 
begins decrementing. For each cycle that passes, the threshold value in a shadow register 
(obtained from MMCRO[10-15]) is decremented. The threshold is exceeded when this 
value reaches 0, at which point the PMCI count is updated. 

While servicing the load/store misses, the SIA and SDA registers are updated to the exact 
instruction and data addresses at the time an interrupt condition occurs. Thus, at the end of 
each threshold load or store operation, the SIA contains the address of the instruction that 
was last monitored, and the SDA contains the address of the data of the same instruction. 

9.1.2.2.2 Lateral L2 Cache Intervention 
A load or store operation that misses in the Ll cache can receive its data from one of several 
memory devices. In a uniprocessor system, the data would likely come an L2 cache, or from 
main memory if no L2 cache is present. In a multiprocessor system, the data can originate 
from the L2 cache connected to another 604 (that is, a lateral L2 cache), in which case, the 
L2 controller asserts an intervention signal (L2_INT) used by the performance monitor. 
This signal is useful when tracking memory latencies in a SMP system. For information 
about the L2_intervention signal, see Section 7.2.10.3, "L2 Intervention 
(L2_INT)-Input. " 
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9.1.2.2.3 Warnings 
The following warnings should be noted: 

• Not all load and store operations are monitored. Only those in queue position 0 of 
their respective load/store queues are monitored. 

• The 604 cannot accurately track threshold events with respect to the following types 
of loads and stores: 

- Unaligned load and store operations that cross a word boundary 

- Load and store multiple operations 

- Load and store string operations 

• The lateral L2 cache intervention signal is controlled by the L2 cache controller 
being used. If the L2 cache controller does not provide this functionality, the events 
that use this signal (PMCI events 9 and 10) become obsolete. 

9.1.2.3 Nonthreshold Events 
Nonthreshold events are all events except for PMCI events 9, 10, 23, or 24. Any PM! 
signaled from nonthreshold events operate the same way. There is no distinction (in the SIA 
and SDA registers) between an interrupt generated by a time-base register bit transition or 
from PMC2 or PMCI becoming negative. In these cases the SIA contains the address of 
the last instruction completed during the cycle the PMI was signaled. The SDA contains an 
effective address of some instruction currently being processed. 

Under these events the SIA and SDA does not contain information belonging to the same 
instruction. 
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Appendix A 
PowerPC Instruction Set Listings 
This appendix lists the PowerPC 604 microprocessor instruction set as well as PowerPC 
instructions not implemented in the 604. Instructions are sorted by mnemonic, opcode, 
function, and form. Also included in this appendix is a quick reference table that contains 
general information, such as the architecture level, privilege level, and form, and indicates 
if the instruction is 64-bit and optional. 

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

A.1 Instructions Sorted by Mnemonic 
Table A-I lists the instructions implemented in the 604 in alphabetical order by mnemonic. 

Key: 

IH//}] Reserved bits ~,*,:.;, I Instruction not implemented in the 604 

Table A·1. Complete Instruction List Sorted by Mnemonic 

Name 0 678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2627 28 29 30 31 

addx 31 0 A B 266 

addcx 31 0 A B 10 

addex 31 0 A B 138 

add I 14 0 A SIMM 

addlc 12 0 A SIMM 

addlc. 13 0 A SIMM 

addis 15 0 A SIMM 

addmex 31 0 A 234 

addzex 31 0 A 202 

andx 31 S A B 28 

andcx 31 S A B 60 

Appendix A. Power PC Instruction Set Ustings A-1 
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Name 

andl. 

andls. 

bx 

bex 

bcctrx 

belrx 

emp 

empl 

empl 

erand 

erande 

creqv 

crnand 

emor 

eror 

crore 

erxor 

debf 

debl 1 

debst 

debt 

debtst 

eclwx 

ecowx 

Ilelo 

A-2 

0 6 7 8 9 10 11 

28 S 

29 S 

18 

16 BO 

19 BO 

19 BO 

31 crfD 

11 crfD 

31 crfD 

19 erbD 

19 crbD 

19 crbD 

19 crbD 

19 crbD 

19 crbD 

19 crbD 

19 erbD 

31 

31 

31 

31 

31 

31 

31 

31 

31 

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

A UIMM 

A UIMM 

LI 

BI BD 

BI 528 

16 

0 

SIMM 

32 

erbA 257 

crbA erbB 129 

crbA crbB 289 

crbA crbB 225 

erbA erbB 33 

erbA crbB 449 

erbA crbB 417 

erbA crbB 193 

A B 86 

A B 470 

A B 54 

A B 278 

A B 246 

459 

310 

438 

854 
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Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

eqvx 31 S A 
~----------+---------~---------

extsbx 31 S A 

fctlwzx 63 0 

fdlvx 63 0 

fdlvsx 59 0 A B 

fmaddx 63 0 A B 

fmaddsx 59 0 C 

fmrx 63 0 72 

fmsubx 63 0 C 28 

fmsubsx 59 0 C 28 

fmulx 63 0 C 25 

fmulsx 59 0 C 25 

fnabsx 63 0 136 

fnegx 63 0 40 

fnmaddx 63 0 A B C 31 • fnmaddsx 59 0 A B C 31 

fnmsubx 63 0 A B C 30 

59 0 

fresx 5 59 0 

frspx 63 0 

frsqrtex 5 63 0 

fselx 5 63 0 
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Name 0 

A-4 

Ibz 

Ibzu 

Ibzux 

Ibzx 

Ifd 

Ifdu 

Ifdux 

Ifdx 

Ifs 

Ifsu 

Ifsux 

Ifsx 

Iha 

Ihau 

Ihaux 

Ihax 

Ihbrx 

1hz 

Ihzu 

Ihzux 

Ihzx 

Imw 3 

34 

35 

31 

31 

50 

51 

31 

31 

48 

49 

31 

31 

42 

43 

31 

31 

31 

40 

41 

31 

31 

46 

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

D A d 

D A d 

D A B 119 

D A B 87 

D A d 

D A d 

D A B 631 

D A B 599 

D A d 

D A d 

D A B 567 

D A B 535 

D A d 

D A d 

D A B 375 

D A B 343 

D A B 790 

D A d 

D A d 

D A B 311 

D A B 279 

D A d 
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Name 0 

Iswl 3 

Iswx 3 

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

31 o A 597 

31 o A B 533 

Iwz 32 0 A d 

Iwzu 33 0 A d 

Iwzux 31 0 A B 55 

Iwzx 31 0 A B 23 

merf 19 crfD 0 

mcrfs 63 crfD 64 

merxr 31 crfD 512 

mfer 31 19 

mffsx 63 0 583 

mfmsr 1 31 0 83 

mfspr 2 31 0 339 

mfsr 1 31 0 595 

mfsrln 1 31 0 659 

mftb 31 0 371 

mterf 31 S 144 

63 crbD 70 

mtfsb1x 63 38 

63 711 

mtfsflx 63 134 

mtmsr 1 31 146 

mtspr 2 31 467 

mtsr 1 31 210 
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Name 0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 2930 31 

mullwx 31 0 A 235 

nandx 31 S A 476 

negx 31 0 A 104 

norx 31 S A 124 

orx 31 S A B 444 

orcx 31 S A B 412 

or! 24 S A UIMM 

oris 25 UIMM 

• 
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Name 0 

stbu 

stbux 

stbx 

stfd 

stfdu 

stfdux 

stfdx 

stflwx 5 

stfs 

stfsu 

stfsux 

stfsx 

sth 

sthbrx 

sthu 

sthux 

sthx 

stmw 3 

stswl 3 

stswx 3 

stw 

stwbrx 

stwex. 

stwu 

stwux 

stwx 

subfx 

subfex 

39 

31 

31 

54 

55 

31 

31 

31 

53 

31 

31 

44 

31 

45 

31 

31 

47 

31 

31 

36 

31 

31 

37 

31 

31 

31 

31 

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

s A d 

s A B 247 

s A B 215 

S A d 

S A d 

S A B 759 

S A 727 

S A B 983 

S A d 

S A d 

S A B 695 

S A B 663 

S A d 

S A B 918 

S A d 

S A B 439 

S A B 407 

S A d 

S A NB 725 

S A B 661 

S A d 

S A B 662 

S A B 150 

S A d 

S A B 183 

S A B 151 

0 A B 40 

0 A B 8 

Appendix A. PowerPC Instruction Set Ustings A-7 

• 



• 

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

subfex 

subfle 

subfmex 

subfzex 

tw 

twl 

xorx 

xorl 

xorls 

31 D 

08 D 

31 D 

31 

31 

03 TO 

31 S 

S 

27 S 

1 Supervisor-level instruction 

A-8 

2 Supervisor- and user-level instruction 
3 Load and store string or multiple instruction 
4 64-bit instruction 
5 Optional instruction 

A B 136 

A SIMM 

A 

4 

A SIMM 

A B 316 

A IMM 

A UIMM 
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A.2 Instructions Sorted by Opcode 
Table A-2lists the 603 instruction set sorted in numeric order by opcode, including those 
PowerPC instructions not implemented by the 604. 

Key: 

1".,,:1 Reserved bits Instruction not implemented in the 604 

Table A-2. Complete Instruction List Sorted by Opcode 

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

mUIli 000111 0 A SIMM 

subfle 001000 0 A SIMM 

empll 001010 crfD A UIMM 

empl 001011 crfD A SIMM 

addle 0 A 

addle. 001101 0 A SIMM 

addl 001110 0 A SIMM 

addis 001111 0 A SIMM 

bex 010000 

se 010001 

bx 010010 

mert 010011 0000000000 

belr 010011 0000010000 

ern or 010011 0000100001 

rtl 010011 0000110010 

erande 010011 0010000001 

Isyne 010011 0010010110 

crxor 010011 crbD erbA crbB 0011000001 

crnand 010011 crbD erbA crbB 0011100001 

erand 010011 crbD crbA crbB 0100000001 

ereqv 010011 crbD crbA crbB 0100100001 

crore 010011 crbD crbA crbB 0110100001 

eror 010011 crbD crbA crbB 0111000001 
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Name 0 

bcctrx 

rlwlmlx 

rlwlnmx 

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2425 26 27 28 29 30 31 

o 1 0 0 1 1 BO BI 1 0 0 0 0 1 0 0 0 0 

o 1 0 1 0 0 SASH MB ME 

MB ME 
~----------~--------~--------~--------+---------+---------~ 

rlwnmx 

orl 

oris 

xorl 

xorls 

andl. 

andls . 

subfx 

A-10 

010111 S 

011000 S 

011001 S 

011010 S 

011011 S 

011100 S 

011101 S 

011111 aiD 

011111 

A B MB ME 

A UIMM 

A UIMM 

A UIMM 

A UIMM 

A UIMM 

A UIMM 

A B 0000100000 

A B 0000101000 
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Ibzx 

negx 011111 0 A 0001101000 

Ibzux 011111 0 A 0001110111 

norx 011111 S A 0001111100 

subfex 011111 0 A 0010001000 

addex 011111 0 0010001010 

mtcrf 011111 S 0010010000 

• 
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Name 0 5 678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

mullwx 011111 D 0011101011 

mtsrln 011111 

debtst 011111 

stbux 011111 B 

add x 011111 A B 0100001010 

debt 011111 A B 0100010110 

Ihzx 011111 A B 0100010111 
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Iswx 3 0 1 1 1 1 1 1 0 0 0 0 1 0 1 0 1 

Iwbrx 011111 1000010110 

Ifsx 0 1 1 1 1 1 1 0 0 0 0 1 0 1 1 1 

Ifsux 011111 1000110111 

mfsr 011111 1001010011 

Iswl 3 011111 1001010101 

sync 011111 1001010110 

Ifdx 011111 1001010111 

Ifdux 011111 0 B 1001110111 

mfsrin 1 011111 0 B 1010010011 

stswx 3 011111 S B 1010010101 

stwbrx 011111 S A B 1010010110 

stfsx 011111 S A B 1010010111 

stfsux 011111 S A B 1010110111 

stswl 3 011111 S A NB 1011010101 

stfdx 011111 S A B 1011010111 

stfdux 011111 S A B 1011110111 

Ihbrx 011111 0 A B 1100010110 

• 011111 1101010110 

011111 1110010110 

011111 1110011010 

011111 1110111010 

Icbl 011111 1111010110 
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Iwz 100000 0 A d 

Iwzu 100001 0 A d 

Ibz 100010 0 A d 

Ibzu 100011 0 A d 

stw 100100 S A d 

stwu 100101 S A d 

stb 100110 S A d 

stbu 10 11 1 S A d 

1hz 101000 0 A d 

Ihzu 101001 0 A d 

Iha 101010 0 A d 

Ihau 101011 0 A d 

sth 101100 S A d 

sthu 101101 S A d 

Imw 3 101110 0 A d 

stmw 3 101111 S A d 

Ifs 110000 0 A d 

Ifsu 110001 0 A d 

Ifd 110010 0 A d 

Ifdu 110011 0 A d 

stfs 110100 S A d 

sttsu 110101 S A d 

• stfd 110110 A d 

stfdu 110111 S A d 
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

fmulsx 111011 0 

fmsubsx 

fmaddsx 

fnmsubsx 

fmulx 

frsqnex 5 

fmsubx 

fmaddx 

fnmsubx 

fnmaddx 

fempo 

111011 o 
111011 o 
111011 o 

111111 

111111 0 

111111 0 

111111 0 

111111 0 

111111 0 

111111 0 

111111 0 

111111 0 

111111 0 

111111 0 

111111 crfD 

111111 

111111 0 

111111 crfD 

111111 

111111 0 

111111 crfD 

Appendix A. Pow.rPC Instruction Set Ustings 

A c 11100 

A c 1 11 01 

A c 1 111 0 

A B C 11 101 

A B C 11 1 1 0 

A B C 1 1 11 1 

0000100000 

0000100110 

0000101000 

0001000000 

0001000110 

0001001000 

0010000110 

A-15 

• 



• 

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

A-16 

1 Supervisor-level instruction 
2 Supervisor- and user-level instruction 
3 Load and store string or multiple instruction 
4 64-bit instruction 
5 Optional instruction 
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A.3 Instructions Grouped by Functional Categories 
Table A-3 through Table A-30 list the 604 instructions grouped by function, as well as the 
PowerPC instructions not implemented in the 604. 

Key: 

/.)(/1 Reserved bits l~m:UJ Instruction not implemented in the 604 

Table A·3. Integer Arithmetic Instructions 

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

addx 31 0 A B 266 

31 0 A B 10 

31 0 A B 138 

addl 14 0 A SIMM 

addie 12 0 A SIMM 

addie. 13 0 A SIMM 

addis 15 0 A SIMM 

addmex 31 0 A 234 

mullwx 31 0 235 

negx 31 0 104 

subfx 31 0 40 

subfex 31 0 B 8 

subfiex 08 0 A SIMM 
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

subfex 31 D A 136 

subfmex 31 D A 232 

subfzex 31 D A 200 

Table A-4. Integer Compare Instructions 

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

cmp 

cmpl 11 crfD 

cmpl 31 crfD 

cmpll 10 crfD 

Table A-5. Integer Logical Instructions 

Name 0 5 678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

and x 31 S A B 28 

andcx 31 S A B 60 

andl. 28 S A UIMM 

norx 31 S A B 124 

• orx 31 S A B 444 

orcx 31 S A B 412 

orl 24 S A UIMM 

oris S A UIMM 

xorx 31 S A B 316 

xorl 26 S A UIMM 

xorls 27 S A UIMM 
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Table A-6. Integer Rotate Instructions 

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

Table A-7. Integer Shift Instructions 

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

Table A-8. Floating-Point Arithmetic Instructions 

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

faddx 63 0 

faddsx 59 0 • fdlvx 63 0 

fdlvsx 59 0 

fmulx 63 0 

fmulsx 59 0 

fresx s 59 0 

frsqrtexS 63 0 
~-----+--------~ 

fsubx 63 0 

Appendix A. PowerPC Instruction Set Ustings A-19 



• 

Name 0 

Name 0 

fmaddx 

fmaddsx 

fmsubx 

fmsubsx 

fnmaddx 

fnmaddsx 

fnmsubx 

fnmsubsx 

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

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

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

63 0 A B C 29 Rc 

59 0 A B C 29 Rc 

63 0 A B C 28 Rc 

59 0 A B C 28 Rc 

63 0 A B C 31 Rc 

59 0 A B C 31 Rc 

63 0 A B C 30 Rc 

59 0 A B C 30 Rc 

Table A-10. Floating-Point Rounding and Conversion Instructions 

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

Table A-11. Floating-Point Compare Instructions 

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

fempo 63 crfD 
r-----+---

fempu 63 crfD 
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Table A-12. Floating-Point Status and Control Register Instructions 

Name 

mcrfs 

mffsx 

mtfsbOx 

mtfsb1x 

mtfsfx 

mtfsflx 

Name 

Ibz 

Ibzu 

Ibzux 

Ibzx 

Ihau 

Ihaux 

Ihax 

1hz 

Ihzu 

Ihzux 

Iwzu 

Iwzux 

Iwzx 

0 5 

63 

63 

63 

63 

31 

63 

0 5 

34 

35 

31 

31 

43 

31 

31 

40 

41 

31 

33 

31 

31 

678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

64 

583 

70 

38 

711 

134 

Table A-13. Integer Load Instructions 

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

0 A d 

0 A d 

0 A B 119 

0 A B 87 

0 A d 

0 A B 375 

0 A B 343 

0 A d 

0 A d 

0 A B 311 

o A d 

o A B 55 

o A B 23 
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Name 0 

stb 

stbu 

sth 

sthu 

sthux 

sthx 

stw 

stwu 

stwux 

stwx 

38 

39 

44 

45 

31 

31 

36 

37 

31 

31 

Table A-14.lnteger Store Instructions 

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2627 28 29 30 31 

s A d 

s A d 

S A d 

S A d 

S A B 439 

S A B 407 

S A d 

S A d 

S A B 183 

S A B 151 

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

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

:.:.:.:.: 
Ihbrx 31 0 A B 790 ~~!~~ 
Iwbrx 31 0 A B 534 ~~,~~ 

sthbrx 31 S A B 918 ~~,~~ 
stwbrx 31 S A B 662 ]f 

::::::::: 

Table A-16. Integer Load and Store Multiple Instructions 

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

Imw'l 46 0 A d 

stmw 3 47 S A d 
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Table A-17. Integer Load and Store String Instructions 

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

Iswl 3 31 

IsW]( 3 31 

stswl 3 31 

stsW]( 3 31 

Name 0 

Name 0 

Ifd 

Ifdu 

Ifdux 

Ifdx 

Ifs 

Ifsu 

Ifsux 

Ifsx 

Name 0 

stfd 

stfdu 

stfdux 

stfdx 

50 

51 

31 

31 

48 

49 

31 

31 

54 

55 

31 

31 

0 A NB 597 ~~i~~ 
0 A B 533 ~~i1~ 
S A NB 725 ~lfll 
S A B 661 11i~~ 

Table A-18. Memory Synchronization nstructlons 

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

Table A-19. Floating-Point Load Instructions 

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

o A d 

o A d 

o A B 631 

o A B 599 

o A d 

o A d 

o A B 567 

o A B 535 

Table A-20. Floating-Point Store Instructions 

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

s A d 

s A d 

s A B 759 

s A B 727 
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Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

stflwx 5 :'.':':-: 
31 S A B 983 [~t~[ 

stfs 52 S A d 

stfsu 53 S A d 

stfsux 31 S A B 695 l~ill 
stfsx 31 S A B 663 ~1i~~ 

Table A-21. Floating-Point Move Instructions 

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

fabsx 63 0 B 264 

fmrx 63 0 B 72 

fnabsx 63 0 B 136 

fnegx 0 B 40 

Table A-22. Branch Instructions 

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

bx 18 LI 

bcx 16 BO BI BO 

bcctrx 19 BO BI 528 

belrx 19 BO BI 16 

Table A-23. Condition Register Logical Instructions 

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

erand 19 crbO erbA erbB 257 

erande 19 crbO erbA crbB 129 

creqv 19 crbO crbA crbB 289 

• emand 19 crbO erbA crbB 225 

emor 19 crbO erbA crbB 33 

eror 19 crbO crbA crbB 449 

erore 19 crbO crbA crbB 417 

erxor 19 

mert 19 crfO 
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Table A-24. System Linkage Instructions 

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

rfl 1 19 

se 17 

Table A-25. Trap Instructions 

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

twl 03 TO A SIMM 

Table A-26. Processor Control Instructions 

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

merxr 31 crfS 512 

mfer 31 D 19 

mfmsr 1 31 D 83 

mfspr 2 31 D 339 

mftb 31 D 371 

mterf 31 S 144 

mtmsr 1 31 S 146 

mtspr 2 31 D 467 

Table A-27. Cache Management Instructions 

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

debf 31 A B 86 

debl 1 31 A B 470 • debst 31 A B 54 

debt 31 A B 278 

debtst 31 A B 246 

dcbz 31 A B 1014 

lebl 31 A B 982 
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Table A-28. Segment Register Manipulation Instructions 

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

mfsr 1 

mfsrin 1 

mtsr 1 

mtsrin 1 

31 o 595 

31 o 659 

31 S 210 

31 S 242 

Table A-29. Lookaslde Buffer Management Instructions 

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

Table A-30. External Control Instructions 

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

A-26 

ecoedWXWX~ ___ 3_1 __ +-____ D ____ r-___ A ____ +-___ B ____ ~ ________ 3_10 ________ ~lm:'m:~I 
. 31 S A B 438 JK 

1 Supervisor-level instruction 
2 Supervisor- and user-level instruction 
3 Load and store string or multiple instruction 
4 64-bit instruction 
5 Optional instruction 
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A.4 Instructions Sorted by Form 
Table A-31 through Table A-45 list the 604 instructions grouped by fonn, including those 
PowerPC instructions not implemented in the 604. 

Key: 

IH/ul Reserved bits ,. Instruction not implemented in the 604 

Table A-31. I-Form 

opeD LI I.v1LKI 
Specific Instruction 

Name 0 5 6 789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

bxl 18 LI I.v1LKI 
Table A-32. B-Form 

opeD BO BI BD I.v1LKI 
Specific Instruction 

Name 0 5 6 789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

bcxl 16 BO BI BD I.v1LKI 
Table A-33. SC-Form 

Specific Instruction 

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

Table A-34. D-Form 

opeD 0 A d 

opeD 0 A SIMM 

opeD S A d 

opeD S A UIMM 
.:.:.:.:. 

opeD crfD ~1!1~ L A SIMM 

opeD crfD ::,:: L A UIMM 

opeD TO A SIMM 
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Specific Instructions 

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

addl 14 0 A SIMM 

addlc 12 0 A SIMM 

addlc. 13 0 A SIMM 

addis 15 0 A SIMM 

andl. 28 S A UIMM 

andls. 29 S A UIMM 

cmpl 11 crfD iilii L A SIMM 

cmpll 10 crfD i@ L A UIMM 

Ibz 34 0 A d 

Ibzu 35 0 A d 

Ifd 50 0 A d 

Ifdu 51 0 A d 

Ifs 48 0 A d 

Ifsu 49 0 A d 

Iha 42 0 A d 

Ihau 43 0 A d 

1hz 40 0 A d 

Ihzu 41 0 A d 

Imw 3 46 0 A d 

Iwz 32 0 A d 

Iwzu 33 0 A d 

mUIli 7 0 A SIMM 

orl 24 S A UIMM 

oris 25 S A UIMM 

stb 38 S A d • stbu 39 S A d 

stfd 54 S A d 

stfdu 55 S A d 

stfs 52 S A d 

stfsu 53 S A d 

sth 44 S A d 

sthu 45 S A d 

stmw 3 47 S A d 
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Specific Instructions (Continued) 

Name 0 5 678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2627 28 29 30 31 

stw 36 S A d 

stwu 37 S A d 

subflc 08 D A SIMM 

twl 03 TO A SIMM 

xorl 26 S A UIMM 

xorls 27 S A UIMM 

Table A-35. DS-Form 

opeD D A ds 

I:~ I opeD S A ds 

Specific Instructions 

Name 0 5 678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Table A-36. X-Form 

opeD D A B xo 
opeD D A NB xo 
opeD D xo 

D xo 
opeD D xo • opeD S A B xo 
opeD S A B xo 
opeD S A B xo 
opeD S A xo 
opeD S xo 
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xo 
xo 

opeD crfD xo 
opeD crfD xo 
opeD crfD xo 
opeD crfD xo 
opeD crfD xo 
opeD xo 
opeD xo 
opeD xo 
opeD xo 
opeD xo 
opeD xo 
opeD xo 

Specific Instructions 

Name 0 5 678 9 10 11 12 13 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

andx 31 S A B 28 

andcx 31 S A B 60 

cmp 31 crfD A B 0 

debf 31 86 

debl 1 31 A B 470 

dcbst 31 A B 54 

debt 31 A B 278 

• dcbtst 31 A B 246 

dcbz 31 A B 1014 

eclwx 31 A B 310 

ecowx 31 438 

eleio 31 854 

eqvx 31 284 

31 S A 954 

31 S A 922 
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Specific Instructions (Continued) 

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

fctlwzx 63 0 B 15 

fmrx 63 0 B 72 

fnabsx 63 0 B 136 

fnegx 63 0 B 40 

frspx 63 B 12 

Icbl 31 B 982 

Ibzux 31 B 119 

Ifdux 31 0 A B 631 

Ifdx 31 0 A B 599 

Ifsux 31 0 A B 567 

Ifsx 31 0 A B 535 

Ihaux 31 0 A B 375 

Ihax 31 0 A B 343 

Ihbrx 31 0 A B 790 .. 
Ihzux 31 0 A B 311 

Ihzx 31 0 A B 279 
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Specific Instructions (Continued) 

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

Iwbrx 31 D A B 534 

Iwzux 31 D A B 55 

Iwzx 31 D A B 23 

mcrfs 63 crfD 64 

mcrxr 31 crfD 512 

mfcr 31 D 19 

mffsx 63 D 583 

mfmsr 1 31 D 83 

mfsr 1 31 D 595 

mfsrin 1 31 D 659 

mtfsbOx 63 70 

mtfsb1x 63 38 

mtfsflx 63 abD 134 

mtmsr 1 31 S 146 

mtsr 1 31 S 210 

mtsrin 1 31 S 242 

nandx 31 S A B 476 

norx 31 S A B 124 

orx 31 S A B 444 

• 
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Specific Instructions (Continued) 

Name 0 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2627 28 29 30 31 

stfdx 31 S A B 727 

stflwx5 31 S A B 983 

stfsux 31 S A B 695 

stfsx 31 S A B 663 

sthbrx 31 S A B 918 

sthux 31 S A B 439 

sthx 31 S A B 407 

stswl 3 31 S A NB 725 

stswx 3 31 S A B 661 

stwbrx 31 S A B 662 

stwcx. 31 S A B 150 

stwux 31 S A B 183 

stwx 31 151 

4 

31 S A B 316 

Table A-37. XL-Form 

opeD xo 
opeD xo • opeD xo 
opeD xo 

Specific Instructions 

Name 0 5 6 789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

bcctrx 19 BO BI 528 

bclrx 19 BO BI 16 
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Specific Instructions (Continued) 

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

crand 19 abO abA crbB 257 

crandc 19 abO abA crbB 129 

creqv 19 abO erbA crbB 289 

crnand 19 abO abA crbB 225 

cmor 19 abO abA crbB 33 

cror 19 abO erbA crbB 449 

crorc 19 abO abA crbB 417 

crxor 19 abO abA crbB 193 

Isync 19 150 

mcrf 19 0 

rfll 19 50 

Table A-3B. XFX-Form 

opeD 0 spr xo l~i~l 
opeD 0 ~ji] CRM ~~jfjj xo 11ijl 
opeD s spr xo it 

::::::::: 

opeD 0 tbr xo ~~!~~ 
Specific Instructions 

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

mfspr 2 31 0 spr 339 

mftb 31 0 tbr 371 

mtcrf 31 S CRM 144 

mtspr 2 31 0 spr 467 

Table A-39. XFL-Form • opeD !ljlll! FM Illl9lli B xo I Rei 

Specific Instructions 

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

mtfsfxl 63 I~l!ljl FM Illjij! B 711 IRel 
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Table A-40. XS-Form 

opeD s A sh xo 

Specific Instructions 

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

Table A-41. XC-Form 

opeD D A xo Rc 

opeD D A xo Rc 

opeD D A xo Rc 

Specific Instructions 

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

31 

31 

31 

31 

• 31 D A 104 

31 D A 40 

31 D A 8 

31 D A 136 

31 D A 232 

31 D A 200 
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,. 

Name 

fnmsubsx 

fresx 5 

frsqrtex 5 

A-3S 

OPCD 

OPCD 

OPCD 

OPCD 

0 

63 

59 

63 

59 

63 

59 

63 

59 

63 

59 

59 

59 

63 

59 

Table A·42. A-Form 

D XO Rc 

D ABC XO Rc 

D XO Rc 

D XO Rc 

Specific Instructions 

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

D A B 

D A B 

D A B 

D A B 

D A B 

D A B C 29 

D A B C 28 

D A B C 28 

D A C 25 

D A C 25 

B C 31 

B C 31 

B C 30 

D 

D 

D 

D A B 

Power PC 604 RISC Microprocessor User's Manual 



Table A·43. M·Form 

opeD S A SH MB ME 

I~ opeD S A B MB ME 

Specific Instructions 

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

rlwlmlx 20 S A SH MB ME Rc 

rlwlnmx 21 S A SH MB ME Rc 

rlwnmx 23 S A B MB ME Rc 

Table A·44. MD·Form 

opeD S A sh mb xo 
opeD S A sh me xo 

Specific Instructions 

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

Table A-45. MDS·Form 

opeD S A B me xo I~ 
opeD S A B mb xo 

Specific Instructions 

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

1 Supervisor-level instruction 
2 Supervisor- and user-level instruction 
3 Load and store string or multiple instruction 
4 64-bit instruction 
5 Optional instruction 
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A.5 Instruction Set Legend 
Table A-46 provides general information on the 604 instruction set (such as the 
architectural level, privilege level, and form), including instructions not implemented in the 
604. 

Key: 

• Instruction not implemented in the 604 

Table A-46. PowerPC Instruction Set Legend 

UISA VEA OEA Supervisor Level 64-Bit Optional Form 

" XO 

" XO 

addex " XO 

addl " o 
addle " o 
addle. " o 
addis " o 

XO 

XO 

x 
andex " x 
andl. " o 

andls. o 
bx " " B 

bcctrx " XL 

belrx " XL 

emp " X 

empl " o 
cmpl " X 

empll " o 
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ereqv 

emend 

emor 

eror 

crore 

erxor 

debt 

debl 

debst 

debt 

debtst 

dcbz 

dlvwx 

dlvwux 

eclwx 

ecowx 

elelo 

eqvx 

extsbx 

extshx 

tetlwx 

tetlwzx 

UISA VEA OEA 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 
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Supervisor Level 64-Bit Optional Form 

XL 

XL 

XL 

XL 

XL 

XL 

X 

X 

X 

X 

X 

X 

XO 

XO 

~ X 

~ X 

X 

X 

X 

X 

• 
X 

X 
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UISA VEA OEA Supervisor Level 54-Bit Optional Form 

fdlvx V A 

fdlvsx v A 

fmaddx v A 

fmaddsx v A 

fmrx v X 

fmsubx v A 

fmsubsx v A 

fmulx v A 

fmulsx v A 

fnabsx v X 

fnegx v X 

fnmaddx v A 

fnmaddsx v A 

fnmsubx v A 

fnmsubsx v A 

fresx v A 

frspx v X 

frsqrtex v v A 

fselx v v A 

fsubx v A 

fsubsx v A 

Icbl v X 

Isync v XL 

• Ibz v D 

Ibzu v D 

Ibzux v X 

Ibzx v X 
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UISA VEA OEA Supervisor Level 64-Bit Optional Form 

Ifd " 0 

Ifdu " 0 

Ifdux " X 

Ifdx " X 

Ifs " 0 

Ifsu " 0 

Ifsux " X 

Ifsx " X 

Iha " 0 

Ihau " 0 

Ihaux " X 

Ihex " X 

Ihbrx " X 

1hz " Ihzu " 0 

Ihzux " X 

Ihzx " X 

Imw 2 

" 0 

Iswi 2 

" X 

Iswx 2 

" X 

Iwbrx " X • Iwz " 0 

Iwzu " 0 

Iwzux " X 

Iwzx " X 

mcrf " XL 

mcrfs " X 

mcrxr " X 
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A-42 

mfcr 

mffsx 

mfmsr 

mfspr 1 

mfsr 

mfsrln 

mftb 

mtcrf 

mtfsbOx 

mtmsr 

mtspr 1 

mtsr 

mtsrln 

orcx 

or! 

oris 

UISA VEA OEA 

" " 
" 

" " 
" 
" 

" 
" " 
" " 

" 
" " 

" 
" 

Supervisor Level 64-Bit Optional Form 

X 

X 

" X 

" XFX 

" X 

" X 

XFX 

XFX 

X 

X 

XFL 

X 

" X 

" XFX 

" X 

" X 

X 

o 
o 
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rlwlmlx 

rlwlnmx 

rlwnmx 

stb 

stbu 

stbux 

stbx 

stfd 

stfdu 

stfdux 

stfdx 

stflwx 

stfs 

UISA VEA OEA 

~ 

-J 

~ 

~ 

-J 

-J 
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Supervisor Level 64-Bit Optional Form 

M 

M 

M 

o 
o 
x 
x 

• 
0 

0 

X 

X 

X 

0 
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A-44 

stfsu 

stfsux 

stfsx 

sth 

sthbrx 

sthu 

sthux 

sthx 

stmw 2 

stswl 2 

stswx 2 

stw 

stwbrx 

stwex. 

stwu 

stwux 

stwx 

subfx 

subfex 

tw 

twl 

UISA VEA OEA Supervisor Level 64-8it Optional Form 

..J 0 

..J X 

..J X 

..J 0 

..J X 

..J 0 

..J X 

..J X 

..J 0 

..J X 

..J X 

..J 0 

..J X 

..J X 

..J 0 

..J X 

..J X 

..J XO 

..J XO 

X 

o 
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UISA VEA OEA Supervisor Level 64-Bit Optional Form 

XOrKl 
~ 

I I I I I I 

X 

I 

~ D 

X:~I: ~ D 

1 Supervisor- and user-level instruction 
2 Load and store string or multiple instruction 

• 
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Appendix B 
Invalid Instruction Forms 
This appendix describes how invalid instructions are treated by the PowerPC 604 
microprocessor. 

B.1 Invalid Forms Excluding Reserved Fields 
The following table illustrates the invalid instruction forms of the PowerPC architecture 
that are not a result of a nonzero reserved field in the instruction encoding. 

Table B·1. Invalid Forms (Excluding Reserved Fields) 

rA=O rAin rAor rB SPR Not Mnemonic B02 =0 or rA=O rA=rT=O Range In Range L=1 Implemented 
rA= rD 

beetr X 

beetrl X 

Ibzu X 

Ibzux X 

Ihzu X 

Ihzux X 

Ihau X 

Ihaux X 

Iwzu X 

Iwzux X 

stbu X 

stbux X 

sthu X 

sthux X 

stwu X 

stwux X 

Imw X X 

Appendix B. Invalid Instruction Forms B-1 

• 



• 

Table B-1. Invalid Forms (Excluding Reserved Fields) (Continued) 

rA:O 
rAin rAor rB SPR Not 

Mnemonic B02 :O or rA:O rA: rT: 0 Range in Range L:1 Implemented 
rA: rD 

Iswl X X 

Iswx X X 

cmpl X 

cmp X 

cmpll X 

cmpl X 

mtspr X 

mfspr X 

LFSU X 

Ifsux X 

Ifdu X 

Ifdux X 

stfsu X 

stfsux X 

stfdu X 

stfdux X 

B.2 Invalid Forms with Reserved Fields (Bit 31 
Exclusive) 

Table B-2 lists the invalid instruction fonns of the PowerPC architecture that result from a 
nonzero reserved field in the instruction encoding. This table takes into consideration all 
reserved fields in an instruction that must be zero, excluding only those instructions that 
would become invalid if only bit 31 were set. Note that any combination of a one being 
detected in the instructions field(s) marked X results in an invalid form. 

The t1bsync instruction has the same opcode and format as the sync instruction. Setting 
bit 31 in the instruction indicates a tlbsync. 

Table B-2. Invalid Forms with Reserved Fields (Bit 31 Exclusive) 

6 6 6 6 9 9 11 11 14 16 21 
Mnemonic 6 to to to to 9 to to 11 to to to 15 to 20 21 to 31 

10 15 20 29 10 15 15 20 20 20 25 

bclr X 

bclrl X 
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Table B·2. Invalid Forms with Reserved Fields (Bit 31 Exclusive) (Continued) 

6 6 6 6 9 9 11 11 14 16 21 
Mnemonic 6 to to to to 9 to to 11 to to to 15 to 20 21 to 31 

10 15 20 29 10 15 15 20 20 20 25 

bcctr X 

bcctrl X 

sc X X 

mcrf X X X 

sync X • 
addme[o][.] X 

subfme[o)[.] X 

addze[o)[.] X 

subfze[o][.] X 

neg[o][.] X 

mulhw[u][.] X 

cmpl X X 

cmp X 

cmpll X X 

cmpl X 

extsb[.] X 

extsh[.] X 

cntlzw[.] X 

mtcrf X X X 

mcrxr X X X 

mtpmr X X 

mfpmr X X 

fmr[.] X 

fneg[.] X 

fabs[.] X 

fnabs[.] X 

fadd[.] X • fadds[.] X 

fsub[.] X 

fsubs[.] X 

fmul[.] X 
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Table B-2. Invalid Forms with Reserved Fields (Bit 31 Exclusive) (Continued) 

6 6 6 6 9 9 11 11 14 16 21 
Mnemonic 6 to to to to 9 to to 11 to to to 15 to 20 21 to 31 

10 15 20 29 10 15 15 20 20 20 25 

fmuls[.] X 

fdlv[.] X 

fdlvs[.] X 

frsp[.] X 

fetlw(.] X 

fetlwz[.] X 

fempu X X 

fempuo X X 

mffs[.] X 

merfs X X X 

mtfsfl[.) X X 

mtfsf[.] X X 

mtfsbO[.] X 

mtfsb1[.] X 

lebl X X 

Isyne X X 

debt X X 

debtst X X 

debz X X 

debst X X 

debf X X 

elelo X X 

mftb X X 

mftbu X X 

rfl X X 

mtmsr X X • mfmsr X X 

debl X X 

mtsr X X X 

mfsr X X X 

mtsrln X X 
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Table B-2. Invalid Fonns with Reserved Fields (Bit 31 Exclusive) (Continued) 

6 6 6 6 9 9 11 11 14 16 21 
Mnemonic 6 to to to to 9 to to 11 to to to 15 to 20 21 to 31 

10 15 20 29 10 15 15 20 20 20 25 

mfsrin X X 

tlble X X 

mttb X X 

mttbu X X 

tlbsync X • 

B.3 Invalid Form with Only Bit 31 Set 
The following instructions generate invalid instruction forms if only bit 31 is set in the 
instruction: 

• cror 

• crxor 

• crnand 

• crnor 

• crandc 

• creqv 

• crorc 

• Ibzx 

• Ibzux 

· Ihzx 

• Ihzux 

• Ihax 

• Ihaux 

• lwzx 

• lwzux 

• stbx 

• stbux 

• sthx 

• sthux 

• stwx 

• stwux 

• Ihbrx 

• lwbrx 

• sthbrx 

Appendix B. Invalid Instruction Forms 8-5 

• 



• stwbrx 

• Iswi 
• Iswx 

• stswi 
• stswx 

• Iwctrx 
• tw 
• mtspr 
• mfspr 

• Ifsx 
• Ifsux 

• Ifdx 
• Ifdux 
• stfsx 
• stfsux 

• stfdx 
• stfdux 

B.4 Invalid Forms from Invalid BO Field Encodings 
The following list illustrates the invalid BO fields for the conditional branch instructions 
(be, bca, bel, bela, belr, belrl, beetr, and bectrl). Specifying a conditional branch 
instruction with one of these fields results in a invalid instruction fonn. Note that entries 
with the y bit represent two possible instruction encodings. 

Invalid BO field encodings are as follows: 

• 00lly 
• 01lly 

• 1100y 
• 1l01y 
• 10101 

• 10110 
• 10111 

• 11100 
• 11101 

• 11110 
• 11111 

The 604 treats the bits listed above as causing an invalid fonn as "don't cares." 
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Glossary of Terms and Abbreviations 
The glossary contains an alphabetical list of tenns, phrases, and abbreviations used in this 
book. Some of the terms and definitions included in the glossary are reprinted from IEEE 
Std 754-1985, IEEE Standard/or Binary Floating-Point Arithmetic, copyright ©1985 by 
the Institute of Electrical and Electronics Engineers, Inc. with the permission of the IEEE. 

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

B Biased exponent. The sum of the exponent and a constant (bias) chosen to 
make the biased exponent's range non-negative. 

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

Boundedly undefined. The results of attempting to execute a given 
instruction are said to be boundedly undefined if they could have 
been achieved by executing an arbitrary sequence of defined 
instructions, in valid form, starting in the state the machine was in 
before attempting to execute the given instruction. Boundedly 
undefined results for a given instruction may vary between 
implementations, and between execution attempts in the same 
implementation. 

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

Cache block. The cacheable unit for a PowerPC processor. The size of a II1II 
cache block may vary among processors. IiiIIiii 
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Cache coherency. Caches are coherent if a processor performing a read from 
its cache is supplied with data corresponding to the most recent value 
written to memory or to another processor's cache. 

Cast-outs. Cache blocks that must be written to memory when a snoop miss 
causes the least recently used section with modified data to be 
replaced. 

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

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

E Exception. A condition encountered by the processor that requires special 

Glossary-2 

processing. 

Exception handler. A software routine that executes when an exception 
occurs. Normally, the exception handler corrects the condition that 
caused the exception, or performs some other meaningful task (such 
as aborting the program that caused the exception). The addresses of 
the exception handlers are defined by a two-word exception vector 
that is branched to automatically when an exception occurs. 

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

Exponent. The component of a binary floating-point number that normally 
signifies the integer power to which two is raised in determining the 
value of the represented number. Occasionally the exponent is called 
the signed or unbiased exponent. 
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F Floating-point register (FPR). Any of the 32 registers in the floating-point 
register file. These registers provide the source operands and 
destination results for floating-point instructions. Load instructions 
move data from memory to FPRs, and store instructions move data 
from FPRs to memory. 

Fraction. 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 register file. 
These registers provide the source operands and destination results 
for all data manipulation instructions. Load instructions move data 
from memory to registers, and store instructions move data from 
registers to memory. 

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

Interrupt. An asynchronous exception. 

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

L Latency. The number of clock cycles necessary to execute an instruction and 
make ready the results of that instruction. 

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

M Mantissa. The decimal part of logarithm. 

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 in a 
multiple processor and system memory (for example, MESI cache • 
coherency). 
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Memory consistency. Refers to agreement of levels of memory with respect 
to a single processor and system memory (e.g. on-chip cache, 
secondary cache, and system memory). 

Memory management unit. The functional unit that translates the effective 
address bits to physical address bits. 

N NaN. An abbreviation for Not a number; a symbolic entity encoded in 
floating-point format. There are two types of NaNs-signaling NaNs 
and quiet NaNs. 

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

o Overflow. An error condition that occurs during arithmetic operations when 
the result cannot be stored accurately in the destination register(s). 
For example, if two 32-bit numbers are added, the sum may require 
33 bits due to carry. 

P Page. A 4-Kbyte area of memory, aligned on a 4-Kbyte boundary. 

Q 

s 

Glossary-4 

PipeIining. A technique that breaks instruction execution into distinct steps 
so that multiple steps can be performed at the same time. 

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

Quiet NaNs. Propagate through almost every arithmetic operation without 
signaling exceptions. These are used to represent the results of 
certain invalid operations, such as invalid arithmetic operations on 
infinities or on NaNs, when invalid. 

Signaling NaNs. Signal the invalid operation exception when they are 
specified as arithmetic operands 

Significand. The component of a binary floating-point number that consists 
of an explicit or implicit leading bit to the left of its implied binary 
point and a fraction field to the right. 
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Static branch prediction. Mechanism by which software (for example, 
compilers) can give a hint to the machine hardware about the 
direction the branch is likely to take. 

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

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

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

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

Unified cache. Combined data and instruction cache. 

User mode. The unprivileged operating state of a processor. In user mode, 
software can only access certain control registers and can only 
access user memory space. No privileged operations can be 
performed. 

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

Glossary of Terms and Abbreviations Glossary-5 

• 





A 
AO-A31 signals, 7-7 
AACK signal, 7-16 
ABB signal, 7-5,8-7 
Address bus 

address tenure, 8-6, 8-39 
address transfer 

AO-A31,7-7 
APO-AP3,7-8 
APE,7-9 
signals, 8-12 

address transfer attribute 
CI,7-14 
CSEO-CSE1,7-15 
GBL,7-15 
TBST, 7-13,8-13 
TCO-TC2, 7-13,8-17 
TSIZO-TSIZ2, 7-11,8-13 
TTO-TT4, 7-10,8-13 
WT,7-15 

address transfer start 
TS,7-6 
XATS,7-6 

address transfer tennination 
AACK,7-16 
ARlRY, 7-16 
SHD,7-17 
tenninating address transfer, 8-18 

arbitration signals, 8-7 
bus arbitration 

ABB,7-5 
BG,7-4 
BR,7-4 
bus parking, 8-11 

Address translation, see Memory management unit 
Aligned data transfer, 8-14 
Alignment 

exception, 4-17, 5-17 
misaligned accesses, 2-17 
rules, 2-17 

APO-AP3 signals, 7-8 
APE signal, 7-9 
Arbitration, system bus, 8-10, 8-20 
ARlRY signal, 7-16 
Atomic memory references 

using lwarx/stwcx., 3-19 

Index 

INDEX 

B 
BAT registers 

BAT, description, 2-6 
BG signal, 7-4,8-7 
Bits used to configure cache, 3-15 
Block address translation 

BAT register initialization, 5-13 
block address translation flow, 5-12 
selection of block address translation, 5-9 

Boundedly undefined, definition, 2-21 
BR signal, 7-4,8-7 
Branch instructions 

address calculation, 2-44 
branch instructions, 2-44, A-25 
condition register logical, 2-45, A-25 
system linkage, 2-46, 2-52, A-26 
trap, 2-45, A-26 

Branch prediction, 6-2, 6-24 
Branch processing unit 

instruction timings, 6-25, 6-35 
overview, 1-9 

Branch resolution, 6-2 
Burst data transfers 

64-bit data bus, 8-14 
transfers with data delays, timing, 8-36 

Bus configurations, 8-48, 8-49, 8-50 
Bus interface unit (BIU) 

description, 1-14,3-5,6-15 
Byte ordering 

default, 2-23 

c 
Cache 

bits used to configure cache, 3-15 
cache configuration, 3-15 
cache integration, 3-3 
characteristics, 3-1 
data caches and memory queues, 6-14 
MESI state definitions, 3-11 
organization, instruction and data, 3-2, 3-3, 3-4 
set associativity, 3-4 

Cache arbitration, 6-24 
Cache block push operation, 3-18, 3-22 
Cache cast-out operation, 3-18 
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Cache coherency 
cache coherency protocol, 3-11 
cache snoop, 3-19 
coherency paradoxes, 3-14, 3-15 
L2 cache, 3-13 
MESI protocol, 3-14 
reaction to bus operations, 3-19 

Cache control instructions 
bus operations, 3-23 
dcbf,3-18 
dcbi, 2-54, 3-18 
debst, 3-17 
debt, 2-51, 3-17 
debtst, 3 -17 
debz, 3-17 
iebi,3-16 
isync, 3-17 

Cache hit 
instruction timing example, 6-19 

Cache implementation, 604, 1-12 
Cache management instructions, A-26 
Cache miss, 6-22 
Cache operations 

overview, 3-1 
response to bus transactions, 3-19 
types of operations, 3-18 

Cache reload operation, 3-18 
Cache unit 

operation of the cache, 8-2 
Cache-inhibited accesses (I-bit) 

memory/cache access attributes, 3-10 
pedormance considerations, 6-16 

Changed (C) bit maintenance 
recording, 5-12, 5-21-5-22 
updates, 5-33 

Checkstop signal, 7-26,8-51 
Checkstop state, 4-15 
CI signal, 7-14 
Classes of instructions, 2-21 
Clean block operation, 3-20 
Clock signals 

CLK_OUT,7-31 
PLL_CFGO-PLL_CFG3,7-31 
SYSCLK,7-30 

Completion 
completion considerations, 6-30 
completion pipeline stage, 6-11 
completion unit, 1-9 
definition, 6-3 

Context synchronization, 2-24 
COP/scan intedace, 7-29 

Index-2 

INDEX 

CR (condition register) 
CR logical instructions, 2-45 
CR, description, 2-4 

CSEO-CSEI signals, 7-15, 8-30 
C1R register, 2-5 

D 
DABR (data address breakpoint register), 2-7 
DAR (data address register), 2-6 
Data bus 

arbitration signals 
DBB, 7-19, 8-8 
DBG, 7-18,8-8 
DBVVO,7-18,8-8 

bus arbitration 
AR1RY assertion, effect of, 8-21 
signals, 8-20 

data tenure, 8-7,8-39 
data transfer 

alignment, 8-14 
AR1RY assertion, effect of, 8-21 
burst ordering, 8-14 
DBDIS, 7-22 
DHO-DH31/DLO-DL31, 7-20,8-23 
DPO-DP7, 7-21,8-23 
DPE, 7-22, 8-23 
eciwx/ecowx instructions, alignment, 8-16 

data transfer termination 
DR1RY,7-23,8-24 
error termination, 8-28 
TA, 7-23,8-24 
TEA, 7-24, 8-24 
terminating data transfer, 8-24 

Data cache 
data caches and memory queues, 6-14 
disabling and enabling, 3-3 
organization, 3-3 

Data organization in memory, 2-17 
DBB signal, 7-19,8-8,8-22 
DBDIS signal, 7-22 
DBG signal, 7-18,8-8 
DBVVO signal, 7-18,8-8,8-23,8-53 
dcbt,2-51 
DEC (decrementer register), 2-7 
Decode stage, 6-9 
Decode/dispatch unit, 1-9 
Decrementer exception, 4-19 
Defined instruction class, 2-21 
DHO-DH31/DLO-DL31 signals, 7-20 
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Direct-store interface 
access to direct-store segments. 3-44 
architectural ramifications of accesses. 8-38 
bus protocol 

address and data tenures. 8-39 
detailed description. 8-42 
load access. timing. 8-47 
load operations. 8-41 
store access. timing. 8-48 
store operations. 8-41 
transactions. 8-40 
XATS signal. 8-38 

direct-store interface accesses. 5-35 
instructions with no effect. 5-36 
no-op instructions. 5-36 
operations. 7-8 
protection. 5-35 
segment protection. 5-35 
selection of direct-store segments. 5-16. 5-35 
unsupported functions. 5-36 

Dispatch considerations. 6-30 
Dispatch serialization mode. 6-34 
Dispatch stage. 6-9 
OMMU.5-8 
OPO-OP7 signals. 7-21 
OPE signal. 7-22 
OR1RY signal. 7-23.8-24.8-27 
OSI exception. 4-16 
OSISR register. 2-7 
OlLB organization. 5-24 

E 
EAR (external access register). 2-7 
Effective address calculation 

address translation. 5-4 
branches. 2-24 
loads and stores. 2-24. 2-35. 2-40 

eieio. 2-49. 3-21 
Error termination. 8-28 
Event counting. 9-8 
Exceptions 

alignment exception. 4-4. 4-17 
decrementer exception. 4-4. 4-19 
OSI exception. 4-4. 4-16 
enabling and disabling. 4-9 
exception classes. 4-2 
exception prefix bit (lP). 4-12 
exception priorities. 4-5 
exception processing. 4-6. 4-10 
external interrupt. 4-4. 4-16 
FP assist exception. 4-19 
FP unavailable exception. 4-4. 4-18 
instruction address breakpoint exception. 4-5. 

4-20 

Index 

instruction-related exceptions. 2-25 
lSI exception. 4-4 
machine check. 4-3 
machine check exception. 4-13 
performance monitoring interrupt. 4-20 
performance monitoring mechanism. 4-5 
program exception. 4-4. 4-17 
register settings 

MSR. 4-7. 4-12 
SRRO. SRRI. 4-6 

reset. 4-13 
returning from an exception handler. 4-11 
summary table. 4-3 
system call exception. 4-5. 4-19 
system management interrupt. 4-5. 4-20 
system reset. 4-3 
terminology. 4-2 
trace exception. 4-5. 4-19 
vector offset table. 4-3 

Execute stage. 6-10 
Execution serialization mode. 6-34 
Execution synchronization. 2-25 
Execution units. 1-10.6-33 
External control instructions. 2-52. 8-16. A-27 

F 
Features. 604. 1-2. 1-20 
Feed forwarding. 6-17 
Fetch stage. 6-8 
Fetch unit. 1-8 
Finish cycle. definition. 6-3 
Floating-point model 

FEO/FEI bits. 4-9 
FP arithmetic instructions. 2-30. A-20 
FP assist exceptions. 4-19 
FP compare instructions. 2-32. A-21 
FP load instructions. A-24 
FP move instructions, A-25 
FP multiply-add instructions. 2-31. A-21 
FP rounding and conversion instructions. 2-31. 

A-21 
FP store instructions. 2-42, 2-43. A-24 
FP unavailable exception. 4-18 
FPSCR instructions. 2-32. A-22 
IEEE-754 compatibility. 2-16 
NI bit in FPSCR, 2-18 

Floating -point unit 
execution timing. 6-37 
overview. 1-11 

Flush block operation. 3-20 
FPRO-FPR31 (floating -point registers). 2-4 
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FPSCR (floating-point status and control register) 
FPSCR instructions, 2-32 
FPSCR register description, 2-4 
NI bit, 2-18 

G 
GBL signal, 7-15 
GPR~PR31 (general-purpose registers), 2-4 
Guarded attribute (G bit), 3-10 

H 
HALTED signal, 7-29 
Hloo register 

bit settings, 2-10 
bits used for cache configuration, 3-15 
hardware implementation register, 2-8 

HRESET signal, 7-27 

I/O tenures, 8-40 
IABR (instruction address breakpoint register), 2-8, 

2-9 
IEEE 1149.1-compliant interface, 8-52 
illegal instruction class, 2-22 
IMMU, 5-7 
Instruction address breakpoint exception, 4-20 
Instruction cache 

disabling and enabling, 3-4 
organization, 3-4 

Instruction dispatch rules, 6-42 
Instruction fetch 

instruction fetch address generation, 6-8 
timing, 6-18 

Instruction timing 
examples 

branch with BTAC hit, 6-25 
branch with BT AC miss/decode correction, 

6-26 
branch with BTAC miss/dispatch correction, 

6-28 
branch with BTAC miss/execute correction, 

6-28 
cache hit, 6-19 
cache miss, 6-22 

instruction flow, 6-17 
overview, 1-33,6-3 
terminology, 6-1 
timing considerations, 6-17 

Index-4 

Instructions 
604-specific, 1-27 
64-bit instructions, A-39 
branch address calculation, 2-44 
branch instructions, A-25 
cache management, A-26 
classes, 2-21 
condition register logical, 2-45, A-25 
defined instructions, 2-21 
eieio, 2-49 
external control instructions, 2-52, A-27 
floating -point 

arithmetic, 2-30, A-20 
compare, 2-32, A-21 
FP load instructions, A-24 
FP move instructions, A-25 
FP rounding and conversion, 2-31 
FP status and control register, 2-32 
FP store instructions, A-24 
FPSCR instructions, A-22 
multiply-add, 2-31, A-21 
rounding and conversion, A-21 

illegal instructions, 2-22 
input/output, serialization, 6-35 
Instructions, list, A-I, A-10, A-18, A-28, A-39 
integer 

arithmetic, 2-26, A-18 
compare, 2-26, 2-28, A-19 
load, A-22 
logical, 2-26, 2-28, A-19 
rotate, A-20 
rotate and shift, 2-29 
shift, A-20 
store, A-23 

isync, 2-49,4-11 
latency summary, 6-45 
load and store 

address generation, floating-point, 2-40 
address generation, integer, 2-35 
byte reverse instructions, 2-37, A-23 
floating-point move, 2-33 
floating-point store, 2-41 
handling misalignment, 2-33 
integer load, 2-35 
integer multiple, 2-38 
integer store, 2-36 
multiple instructions, A-23 
string instructions, 2-39, A-24 

memory control instructions, 2-50, 2-54 
memory synchronization instructions, 2-47 
mtcrf, 2-46, 6-44 
optional instructions, A-39 
processor control instructions, 2-46, 2-48, 2-52, 

A-26 
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reserved instructions, 2-23 
tfi,4-11 
segment register manipulation, A-27 
string/multiple, serialization, 6-35 
stwcx., 4-11 
supervisor-level, A-39 
support for lwarx/stwcx., 8-52 
sync, 4-11 
system linkage, 2-46, A-26 
1LB management instructions, A-27 
tlbie, 2-56 
tlbsync, 2-56 
trap instructions, 2-45, A-26 

INT signal, 7-25, 8-50 
Integer arithmetic instructions, 2-26, A-18 
Integer compare instructions, 2-28, A-19 
Integer load instructions, 2-35, A-22 
Integer logical instructions, 2-28, A-19 
Integer rotate and shift instructions, 2-29, A-20 
Integer store instructions, 2-36, A-23 
Integer unit 

instruction timings, 6-35 
overview, 1-10 

Interrupt, external, 4-16 
isync, 2-49, 4-11 
11LB organization, 5-24 

K 
Kill block operation, 3-20 

L 
L2_INT signal. 7-28 
Latency 

definition, 6-2 
execution latency, 6-7 
minimizing latency, 8-24 

Link register (LR), 2-5 
Load operations 

I/O load accesses, 8-41 
Load/store 

address generation, 2-35 
byte reverse instructions, 2-37, A-23 
floating-point load instructions, A-24 
floating-point move instructions, 2-33, A-25 
floating-point store instructions, 2-41, A-24 
handling misalignment, 2-33 
integer load instructions, 2-35, A-22 
integer store instructions, 2-36, A-23 
load/store multiple instructions, 2-38, A-23 
memory synchronization instructions, A-24 
string instructions, 2-39, A-24 

Index 

INDEX 

Load/store unit 
execution timing, 6-39 
overview, 1-11 

Logical addresses 
translation into physical addresses, 5-1 

lwarxlstwcx. 

M 

general information, 3-19 
support, 8-52 

Machine check exception, 4-13 
MCP signal, 7-25 
Memory accesses, 8-4, 8-6 
Memory coherency 

memory coherency actions, 3-8 
memory/cache access attributes, 3-10 
sequential consistency, 3-9 

Memory coherency (M attribute), 3-10 
Memory control instructions, 2-50, 2-54 
Memory management unit 

604-specific features, 5-2 
address translation flow, 5-12 
address translation mechanisms, 5-9, 5-12 
block address translation, 5-9, 5-12, 5-20 
block diagram, 5-6, 5-7,5-8 
exceptions, 5-16 
features summary, 5-3 
instructions and registers, 5-18 
memory protection, 5-11 
overview, 1-12 
page address translation, 5-9, 5-12, 5-27 
page history status, 5-12, 5-21-5-24 
real addressing mode, 5-10, 5-12,5-20 
segment model, 5-20 

Memory operations, features, 6-15 
Memory synchronization 

instructions, 2-47, A-24 
Memory unit 

queuing structure, 3-19 
Memory/cache access modes, see also WIMG bits 

performance impact of write-back mode, 6-15 
MESI protocol 

enforcing memory coherency, 8-29 
MESI state definitions, 3 -11 
Misaligned data transfer, 8-16 
MMCRO register, 2-8, 2-11, 9-1, 9-6 
MSR (machine state register) 

FEO/FEI bits, 4-9 
IPbit, 4-12 
PM bit, 2-6 
POW bit, 4-21 
RIbit, 4-10 
settings due to exception, 4-12 

mterf, performance, 2-46, 6-44 

Index-5 • 



II 

INDEX 

Multiple-precision shifts, 2-30 

N 
Nap mode, 4-21 
No-DRlRY mode, 8-48,8-49, 8-50 

o 
OEA 

cache operation, 3-1 
definition, 1-19 
exception mechanism, 4-1 
memory management specifications, 5-1 
registers, 2-5 

Operand conventions, 2-16 
Operand placement and perfonnance, 2-19 
Operating environment architecture, see OEA 
Optional instructions, A-39 

p 
Page address translation 

page address translation flow, 5-27 
page size, 5-20 
selection of page address translation, 5-9, 5-16 
1LB organization, 5-25 

Page history status 
cases of debt and dcbtst misses, 5-21 
Making R and C bit updates to page tables, 5-33 
Rand C bit recording, 5-12,5-21-5-24 
Rand C bit updates, 5-12, 5-33 

Page tables 
page table updates, 5-33 

Perfonnance considerations, memory, 6-12 
Perfonnance monitor 

event counting, 9-8 
perfonnance monitor facility, 1-35 
perfonnance monitor SPRs, 9-3 
perfonnance monitoring interrupt, 9-2 
perfonnance monitoring mechanism, 4-20 
purposes, 9-1 

Physical address generation 
memory management unit, 5-1 

Pipeline 
completion stage, 6-11 
decode stage, 6-9 
dispatch stage, 6-9 
execute stage, 6-10 
fetch stage, 6-8 
instruction timing, definition, 6-1 
pipeline diagram, 6-6 
pipeline stages, 6-7 
pipeline structures, 6-5 
write-back stage, 6-12 

Index-6 

PIR (processor identification register), 2-8, 2-9 
PLL configuration, 7-31 
PMCI and PMC2 registers, 2-8, 2-13, 9-1,9-3 
Postdispatch serialization mode, 6-34 
Power management 

nap mode, 4-21 
overview, 1-35 
POW bit, 4-21 

PowerPC architecture 
features used in 604, 1-20 
instruction list, A-I, A-IO, A-18, A-28, A-39 
levels ofimplementation,l-19 
operating environment architecture, xxii 
user instruction set architecture, xxi 
virtual environment architecture, xxi 

Priorities 
exception priorities, 4-5 

Process switching, 4-11 
Processor configuration 

HALTED,7-29 
L2_INT,7-28 
RSRV, 7-28 
RUN,7-29 
TBEN,7-28 

Processor control instructions, 2-46, 2-48, 2-52 
Program exception, 4-17 
Program order, 6-2 
Programming tips, 6-43 
Protection of memory areas 

direct-store interface protection, 5-35 
no-execute protection, 5-14 
options available, 5-11 
protection violations, 5-16 

PTEs (page table entries) 
page table updates, 5-33 

PVR (processor version register), 2-6 

Q 
Qualified data bus grant, 8-7, 8-20 
Qualified snoop request, 3-19 

R 
Read operation, 3-20 
Read-atomic operation, 3-20 
Read-with-intent-to-modify operation, 3-20 
Read-with-no-intent-to-cache operation, 3-21 
Real address (RA), see physical address generation 
Real addressing mode (translation disabled) 

data accesses, 5-10, 5-12, 5-20 
instruction accesses, 5-10, 5-12,5-20 
support for real addressing mode, 5-2 
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Referenced (R) bit maintenance 
recording, 5-12, 5-21, 5-22, 5-30 
updates, 5-33 

Registers 
604-specific registers, 2-3, 2-8, 2-53 
hardware implementation registers, 2-8 
rename register, 6-32 
supervisor-level 

BAT registers, 2-6 
DABR,2-7 
DAR,2-6 
DEC, 2-7 
DSISR,2-7 
EAR,2-7 
HIDO,2-8 
IABR,2-8 
~~0,2-8,9-6 

MSR, 2-5 
PIR,2-8 
PMCI and PMC2, 2-8 
PVR,2-6 
SDR I register, 2-6 
SIA and SDA, 2-8, 2-15,9-6 
SPRGO-SPRG3,2-7 
SPRs for petfonnance monitor, 9-1 
SRRO/SRR1,2-7 
SRs, 2-6 
time base (I'B), 2-7 

user-level 
~,2-4 
ClR,2-5 
FPRO-FPR31, 2-4 
FPSCR,2-4 
GPRO-GPR31,2-4 
LR,2-5 
time base (I'B), 2-5 
XER,2-5 

Rename buffer, 1-10,6-3 
Rename register operation, 6-31 
Reservation station, 6-2 
Reserved instruction class, 2-23 
Reset 

HRESET signal, 7-27,8-51 
reset exception, 4-13 
SRESET signal, 7-27, 8-51 

rfi,4-11 
Rotate and shift instructions, A-20 
RSRV signal, 7-28,8-52 
RUN signal, 7-29 

S 
se,4-19 
SDRI register, 2-6 
Segment registers 

INDEX 

SR description, 2-6 
SR manipulation instructions, 2-55, A-27 
Tbit, 8-38 

Segmented memory model, see Memory management 
unit 

SHD signal,7-17 
SIA and SDA registers, 2-8, 2-15, 9-1, 9-6 
Signals 

604 signals, overview, 1-16 
AO-A31,7-7 
AACK,7-16 
ABB, 7-5,8-7 
address arbitration, 7-3, 8-7 
address transfer, 7-7,8-12 
address transfer attribute, 7-9,8-13 
address transfer start, 7-6 
A~AP3, 7-8 
APE,7-9 
ARlRY, 7-16,8-24 
BG, 7-4,8-7 
BR, 7-4,8-7 
checkstop, 8-51 
CI,7-14 
CKSTP IN,7-26 
CKSTP_OUT,7-26 
CLK_OUT,7-31 
configuration, 7-2 
COP/scan intetface, 7-29 
CSEO-CSE1, 7-15, 8-30 
data aroitration, 8-8, 8-20 
data bus arbitration, 7-18 
data transfer, 7-20 
data transfer tennination, 7-22, 8-24 
DBB, 7-19,8-8,8-22 
DBDIS, 7-22 
DBG, 7-18,8-8 
DBWO, 7-18,8-8,8-23,8-53 
DHO-DH31/DLO-DL31,7-20 
D~DP7, 7-21 
DPE,7-22 
DRlRY, 7-23,8-24,8-27 
GBL,7-15 
HALTED,7-29 
HRESET,7-27 
INT, 7-25,8-50 
L2_INT,7-28 
MCP, 7-25 
PLL_CFGO-PLL_CFG3,7-31 
processor configuration, 7-28 
reset, 8-51 
RSRV,7-28,8-52 
RUN,7-29 
SHD,7-17 
signal configuration, 1-17 
SMI,4-21,7-25 ~ 

----------------------------"~ 
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INDEX 

snoop status signals, 3-19 
SFUESET,7-27,8-51 
system status, 7-24 
TA,7-23 
TBEN,7-28 
TBST, 7-13,8-24 
TCO-TC2, 7-13, 8-17 
TEA, 7-24, 8-24, 8-28 
TS,7-6 
TS~TStz2, 7-11,8-13 
TTO-TT4, 7-10,8-13 
WT,7-15 
XATS, 7-6,8-38 

Single-beat reads with data delays, timing, 8-35 
Single-beat transfer 

reads with data delays, timing, 8-34 
reads, timing, 8-32 
tennination, 8-25 
writes, timing, 8-33 

SMI signal, 4-21,7-25 
Snoop operation, 3-19,6-16 
Split-bus transaction, 8-9 
SPRG registers, 2-7 
SFUESET signal, 7-27 
SRRO/SRRI (status save/restore registers), 2-7 

exception processing, 4-6 
Stage 

definition, instruction timing, 6-1 
Stall,6-2 
Store operations 

I/O operations to BUC, 8-41 
single-beat writes, 8-:-33 

String/multiple instructions, serialization, 6-35 
stwcx., 4-11 
Supervisor-level instructions, A-39 
sync, 4-11 
Synchronization 

context/execution synchronization, 2-24 
execution of rfi, 4-11 
memory synchronization instructions, 2-47, 2-49, 

A-24 
SYSCLK signal, 7-30 
System call exception, 4-19 
System linkage instructions, 2-46, 2-52 
System management interrupt, 4-20 
System status 

CKSTP _IN, 7-26 
CKSTP_OUT,7-26 
HRESET,7-27 
INT,7-25 
MCP, 7-25 
SMI,7-25 
SRESET,7-27 

Index-8 

T 
TA signal, 7-23 
Table search operations 

table search flow (primary and secondary), 5-30 
TBEN signal, 7-28 
TBST signal, 7-13,8-13,8-24 
TCO-TC2 signals, 7-13,8-17 
TEA signal, 7-24, 8-28 
Tennination, 8-18, 8-24 
Throughput, 6-2, 6-7 
Time base 

TBUfBU registers, 2-5, 2-7 
Timing diagrams, interface 

address transfer signals, 8-12 
burst transfers with data delays, 8-36 
direct-store interface load access, 8-47 
direct-store interface store access, 8-48 
single-beat reads, 8-32 
single-beat reads with data delays, 8-34 
single-beat writes, 8-33 
single-beat writes with data delays, 8-35 
use of TEA, 8-37 
using DBWO, 8-53 

Timing, instruction 
branch prediction, 6-24 
branch unit execution timing, 6-25, 6-35 

BTAC miss/decode correction, 6-26 
branch unit execution timing example 

BTAC hit, 6-25 
BTAC miss/dispatch correction, 6-28 
BTAC miss/execute correction, 6-28 

branch with BT AC miss/decode correction, 6-27 
branch with BTAC miss/dispatch correction, 6-28 
branch with BTAC miss/execute correction, 6-29 
cache arbitration, 6-24 
cache hit, 6-19 
cache miss, 6-22 
FPU execution timing, 6-37 
instruction dispatch, 6-30 
instruction fetch timing, 6-18 
instruction flow, 6-17 
instruction scheduling guidelines, 6-42 
instruction serialization, 6-33 
integer unit execution timing, 6-35 
isync, rfi, sc instruction timing, 6-41 
latency summary, 6-45 
load/store unit execution timing, 6-39 
overview, 6-3 
speculative execution, 6-29 
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INDEX 

lLB 
description, 5-24 
LRU replacement, 5-26 
organization for IlLB and DlLB 5-24 
lLB miss and table search operation 5-25 5-29 

5-32 ' , , 

1LB invalidation 
description, 5-19, 5-26 
page table updates, 5-33 
lLB invalidate and lLBSYNC operations, 3-21, 

5-26, 5-27,7-10 
1LB invalidate broadcast operations, 5-26 
lLB management instructions, A-27 

tIbia (not implemented), 2-56, 5-27 
tIbie, 2-55, 2-56, 5-26, 5-33 
tIbsync, 2-55,2-56, 5-27 5-34 

tIbie. 2-56. 5-26. 5-33 • 
tIbsync. 2-56.5-27.5-34 
Trace exception. 4-19 
Transfer. 8-12. 8-23 
Trap instructions. 2-45 
TS signal. 7-6.8-12 
TSIZO-TSIZ2 signals. 7-11.8-13 
170-174 signals. 7-10.8-13 

U 
UISA 

definition. 1-19 
registers. 2-2 

Use of TEA. timing. 8-37 
User instruction set architecture. see UISA 
Using DBWO. timing. 8-53 

V 
VEA 

cache operation. 3-1 
definition. 1-19 

Vector offset table. exception. 4-3 
Virtual environment architecture. see VEA 

W 
WIMG bits 

cache actions. 3-23 
memory coherency. 8-29 
WIM combination. 8-30 

Write-back. 6-3. 6-12. 6-15 
Write-through mode (W bit) 

memory/cache access attriibute. 3-10 
performance considerations. 6-16 

Write-with-atomic operation. 3-20 
Write-with-flush operation. 3-20 
Write-with-kill operation. 3-20 
WT signal. 7-15 

X 
XATS signal. 7-6,8-38 
XER register. 2-5 
XFERDATA read/write operation. 3-22 
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Motorola Distributor and Worldwide Sales Offices 

AUTHORIZED NORTH AMERICAN DISTRIBUTORS 
UNITED STATES 
ALABAMA 

Huntsville 
ArrC1N~ Electronics .. (205)837~955 
Future Electronics • . . . . . .. (205)830-2322 
Hamilton Hallmark ....... (205)837-8700 
Newark •.•.....•....•. (205)837-9091 
Time Electronics •...... 1-800-789-TIME 
Wyle Laboratories . . . . . . •. (205)830-1119 

Arizona 
Phoenix 

Future Electronics .....•.. (602)968-7140 
Hamilton Hallmark ..•.... (602)437-1200 
Newark Electronics . . • • . .. (602)864-9905 
Wyle Laboratories ........ (602)437-2088 

Tempe 
ArrC1NISdw-K!beJ Electronics .• (602)431-0030 
Time Electronics. . . . . .. 1-800-789-TIME 

CALIFORNIA 
Agoura Hills 

Time Electronics Corporate 1-800-789-TIME 
Belmont 

Richardson Electronics ••.. (415)592-9225 
. Calabassas 

ArrC1NI&i1Wfber Electronics •. (818)880-9686 
Wyle Laboratories . . . . . . .. (818)880-9000 

Chatsworth 
Future Electronics. . . . • . .. (818)865-0040 
Time Electronics ....... 1-800-789-TIME 

Costa Mesa 
Hamilton Hallmark ....... (714)641-4100 

Culver City 
Hamilton Hallmark ....... (213)558-2000 

Irvine 
Arrow/Schweber Electronics. (714)587-0404 
Future Electronics .......• (714)250-4141 
Wyle Laboratories CoIporate . (714)753-9953 
Wyle Laboratories . . . . . . .. (714)863-9953 

Los Angles 
Wyle Laboratories . . • . . . .. (818)880-9000 

Mountain View 
Richardson Electronics •... (415)960-6900 

Orange 
Newark ........•.....• (714)634-8224 

Rocklin 
Hamilton Hallmark ....... (916)624-9781 

Sacramento 
Newark ............... (916)721-1633 
Wyle Laboratories. . . . . . .. (916)638-5282 

San Diego 
Arrow/Schweber Electronics. (619)565-4800 
Future Electronics ....•... (619)625-2800 
Hamilton Hallmark ....... (619)571-7540 
Newark •.....•........ (619)569-9877 
Wyle Laboratories ••....•. (619)565-9171 

San Francisco 
Newark .........••.... (415)571-5300 

San Jose 
ArrCIN/SctrNf!ber Electronics .. (408)441-9700 
ArrC1N/Schwf!ber Electronics •. (408)428-6400 
Future Electronics ........ (408)434-1122 

Santa Clara 
Wyle Laboratories ........ (408)727-2500 

Sunnyvale 
Hami~on Hallmark .•....•. (408)435-3500 
Time Electronics ....... 1-800-789-TIME 

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

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

West Hills 
Newark ........•...... (818)888-3718 

Woodland Hills 
Hami~on Hallmark •....... (818)594-0404 
Richardson Electronics .... (615)594-5600 

COLORADO 
Colorado Springs 

Newark ............... (719)592-9494 
Denver 

Newark ......•....•... (303)757-3351 
Englewood 

ArrC1N/SctrNf!ber Electronics .. (303)799-0258 
Hamilton Hallmark ....... (303)790-1662 
Time Electronics . . . • . .. 1-800-789-TIME 

Lakewood 
Future Electronics. . . . . . .. (303)232-2008 

Thornton 
Wyle Laboratories ..••.... (303)457-9953 

CONNECTICUT 
Cheshire 

Future Electronics. . . . • . .. (203)250-0083 
Hamilton Hallmark ....... (203)271-2844 

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

Wallingfort 
ArrC1NTSctmf!ber Electronics .. (203)265-7741 

Windsor 
Newark ••. . . • . . . . . . . .. (203)683-8860 

FLORIDA 
Altamonte Springs 

Future Electronics •...••.. (407)767-8414 

Motorola Distributor and Worldwide Sales Offices 

Clearwater 
FuMe Electronics ........ (813)530-1222 

Deerfield Beach 
ArrC1N/SctrNfJ:s Electronics .• (305)429-8200 
Wylie Laboratories ....... (305)420-0050 

Ft. Lauderdale 
Future Electronics ........ (305)436-4043 
Hami~on Hallmark ... . . . .. (305)484-5482 
Time Electronics .•....• 1-800-789-TIME 

Lake Mary 
ArrC1N/SctrNfJ:s Electronics •• (407)333-9300 

Largo/TampaiSt. Petersburg 
Hami~n Hallmark ........ (813)541-7440 
Newark ..........•.... (813)287-1578 
Wyle Laboratories ...•.... (813)576-3004 

Orlando 
Newark ......•......•. (407)896-8350 
Time Electronics •....•. 1-800-789-TIME 

Plantation 
Newark .•............. (305)424-4400 

Winter Park 
Hamilton Hallmark •.•..•. (407)657-3300 
Richardson Electronics ...• (407)644-1453 

GEORGIA 
Atlanta 

Time Electronics ....... 1-800-789-TIME 
Wyle Laboratories ........ (404)441-9045 

Duluth 
ArrC1N!Schwf!ber Electronics .. (404)497-1300 
Hami~on Hallmark ........ (404)623-5475 

Norcross 
Future Electronics ........ (404)441-7676 
Newark ............••. (404)448-1300 
Wyle Laboratories ........ (404)441-9045 

ILLINOIS 
Addison 

Wyle Laboratories . . . . . . .. (708)620-0969 
Bensenville 

Hami~on Hallmark ••...... (708)860-7780 
Chicago 

Newark Electronics Corp ... (312)784-5100 
Hoffman Estates 

Future Electronics .••..... (708)882-1255 
Itasca 

Arrow/Schweber Electronics . (708)250-0500 
La Fox 

Richardson Electronics •..• (708)208-2401 
Schaumburg 

Newark ...•.....•....• (708)310-8980 
Time Electronics ....... 1-800-789-TIME 
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INDIANA 
Indianapolis 

ArrCNI/Sr:ilwl:bfl Elooronk:s ., (317)299-2071 
Hamilton Hallmark ....... (317)872-8875 
Newark .....•......... (317)259-{)086 
Time Electronics ....... 1-800-789-TIME 

Ft. Wayne 
Newark ............... (219)484-0766 

IOWA 
Cedar Rapids 

Newark ............... (319)393-3800 
Time Electronics ....... 1-800-789-TIME 

KANSAS 
Lenexa 

ArrCNIISroWfJ:Jf:J Electronics . . (913)541-9542 
Hamilton Hallmark ....•.. (913)88&-4747 

Overland Park 
Future Electronics ........ (913)649-1531 
Newark ..•............ (913)677-{)727 
Time Electronics ...•... 1-800-7,89-TIME 

MARYLAND 
Beltsville 

Newark ............... (301)604-1700 
Columbia 

ArrCNIISroWfJ:Jf:J Electronics .. (301)596-7800 
Future Electronics ........ (410)290-0600 
Hamilton Hallmark ....... (410)988-9800 
Time Electronics ....... 1-800-789-TIME 
Wyle Laboratories ........ (410)312-4844 

MASSACHUSETTS 
Boston 

ArrCNIISroWf!bfx Electronics .. (508)658-{)900 
Bolton 

Future Corporate ........ (508)779-3000 
Burlington 

Wyle laboratories ........ (617)272-7300 
Methuen 

Newark ............... (508)683-{)913 
Norwell 

Richardson Electronics .... (617)871-5162 
Peabody 

Time Electronics ....... 1-800-789-TIME 
Hamilton Hallmark ....... (508)532-3701 

MICHIGAN 
Detroit 

Newark ............... (313)967-{)600 
Grand Rapids 

Future Electronics ........ (616)698-6800 

Livonia 
ArrCNIlSctrNfber Electronics .. (313)462-2290 
Future Electronics ........ (313)261-5270 
HamiHon Hallmark ...•.. " (313)347-4020 
Time Electronics. . . • . .. 1-800-789-TIME 

MINNESOTA 
Bloomington ......... (612)853-2280 
Eden Prairie 

ArrCNIlSctrNfber Electronics .. (612)941-5280 
Future Electronics ........ (612)944-2200 
Hamilton Hallmark ....... (612)881-2600 
Time Electronics ....... 1-800-789-TIME 

Minneapolis 
Newark ............... (612)331-6350 

MISSOURI 
Earth City 

Hamilton Hallmark ....... (314)291-5350 
St. Louis 

ArrCNIlSctrNfber Electronics .. (314)567-6888 
Future Electronics .. ; ..... (314)469-6805 
Newark ............. " (314)298-2505 
Time Electronics ..... " 1-800-789-TIME 

NEW JERSEY 
Cherry Hili 

HamiHon Hallmark . . . . . . .. (609)424-{)100 
Fairfield 

Newark ............... (201)882-{)300 
Marlton 

ArrCNIlSctrNfber Electronics .. (609)596-8000 
Future Electronics . . . . . . .. (609)596-4080 

Plnebrook 
ArrCNIl&.trNfber Electronics .. (201 )227-7880 
Wyle Laboratories ...... " (201)882-8358 

Parsippany 
Future Electronics ........ (201)299-{)400 
HamiHon Hallmark ........ (201)515-1641 

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

NEW MEXICO 
Albuquerque 

Alliance Electronics • . . . . .. (505)292-3360 
HamiHon Hallmark ... . . . .. (505)828-1058 
Newark ............... (505)828-1878 

NEW YORK 
Commack 

Newark ...•........... (516)499-1216 
Hauppauge 

ArrCNIlSctrNfber Electronics .. (516)231-1000 
Future Electronics ........ (516)234-4000 
Hamilton Hallmark ....... (516)434-7400 

Konkoma 
Hamilton Hallmark ....... (516)737-{)600 

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

Pittsford 
Newark ............... (716)381-4244 

Rochester 
ArrCNIlSctrNfts Electronics .• (716)427-{)300 
Future Electronics ........ (716)272-1120 
Hamilton Hallmark ....... (716)475-9130 
Richardson Electronics .... (716)264-1100 
Time Electronics. . . . . .. 1-800-789-TIME 

Rockville Centre 
Richardson Electronics .... (516)872-4400 

Syracuse 
Future Electronics ........ (315)451-2371 
Time Electronics ....... 1-800-789-TIME 

NORTH CAROLINA 
Charlotte 

Future Electronics ........ (704)455-9030 
Richardson Electronics .... (704)548-9042 

Greensboro 
Newark ............... (919)292-7240 

Raleigh 
ArrCNIl&.trNfts Electronics .. (919)876-3132 
Future Electronics ........ (919)790-7111 
Hamilton Hallmark ....... (919)872-{)712 
Time Electronics ....... 1-800-789-TlME 

OHIO 
Centerville 

ArrCNIl&.trNfts Electronics .. (513)435-5563 
Cleveland 

Newark ............... (216)391-9330 
Time Electronics ....... 1-800-789-TIME 

Columbus 
Newark ............... (614)431-{)809 
Time Electronics ....... 1-800-789-TIME 

Dayton 
Future Electronics ........ (513)439-5700 
Hamilton Hallmark ....... (513)439-6735 
Newark ............... (513)294-8980 
Time Electronics ....•.. 1-800-789-TIME 

Mayfield Heights 
Future Electronics ........ (216)449-6996 

Solon 
ArrCNIlSctrNfts Electronics .. (216)248-3990 
HarriHon Hallmark ........ (216)498-1100 

Worthington 
Hamilton Hallmark ....... (614)888-3313 

OKLAHOMA 
Tulsa 

Hamilton Hallmark ....... (918)254-6110 
Newark ............... (918)252-5070 
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OREGON 
Beaverton 

ArrC1N/AIm?£ 
Electronts Corp. ....... (503)629-8090 

Future Electronics . . . . . . . . (503)645-9454 
Hamilton Hallmark ......• (503)526-6200 
Wyle Laboratories. . . . . . .• (503)643-7900 

Portland 
Newark ............... (503)297-1984 
Time Electronics •...... 1-800-789-TIME 

PENNSYLVANIA 
King of Prussia 

Newark ............... (215)265-0933 
Mt. Laurel 

Wyle Laboratories ...... " (609)439-9110 
Montgomeryville 

Richardson'tlectronics .... (215)628-0805 
Philadelphia 

Time Electronics ....... 1-800-789-TIME 
Wyle Laboratories ...•.... (609)439-9110 

Pittsburgh 
ArrC1N~ Electronts .. (412)963-6807 
Newark ............... (412)788-4790 
Time Electronics .•..... 1-800-789-TIME 

TENNESSEE 
Franklin 

Richardson Electronics .... (615)791-4900 
Knoxville 

Newark ............... (615)588-6493 

TEXAS 
Austin 
ArrC1N~ Electronts .. (512)835-4180 
Future Electronics ........ (512)502-0991 
Ham~on Hallmark ........ (512)25&-8818 
Newark ..•.•.......... (512)338-0287 
Time Electronics. . . . • .. 1-800-789-TIME 
Wyle Laboratories ........ (512)345-8853 

Carollton 
ArrC1N~ Electronts .. (214)380-6464 

Dallas 
Future Electronics ..•..... (214)437-2437 
Hamilton Hallmark ...•... (214)553-4300 
Richardson Electronics .•.. (214)239-3680 
Time Electronics ....... 1-800-789-TIME 
Wyle Laboratories ........ (214)235-9953 

. Ft. Worth 
Allied Electronics ........ (817)336-5401 

Houston 
ArrCIN/SctrNrbJr Electronts •• (713)530-4700 
Future Electronics ....•••. (713)785-1155 
Hamilton Hallmark •...... (713)78Hi1oo 
Newark ......•••..•.•. (713)270-4800 
Time Electronics •.••... 1-800-789-TlME 
Wyle Laboratories .•...... (713)879-9953 

Richardson 
Newark ............... (214)235-1998 

UTAH 
Salt Lake City 

ArrCIN/SctrNrbJr Electronics .. (801 )973-6913 
Future Electronics •....... (801)467-4448 
Hami~on Hallmark ........ (801)266-2022 
Newark ..••........... (801)261-5660 
Wyle Laboratories .•...... (801)974-9953 

West Valley City 
Time Electronics ....... 1-800-789-TlME 
Wyle Laboratories ........ (801)974-9953 

WASHINGTON 
Bellevue 

Almac Electronics Corp. ... (206)643-9992 
Newark •...•.......... (206)641-9800 
Richardson Electronics .... (206)646-7224 

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

Redmond 
Hami~on Hallmark ........ (206)881-6697 
Time Electronics .....•• 1-800-789-TIME 
Wyle Laboratories ........ (206)881-1150 

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

Spokane 
ArrCJN/AIm?£ 

Electronics Corp. ....... (509)924-9500 

WISCONSIN 
Brookfield 

ArrCIN/SctrNrbJr Electronics .. (414)792-0150 
Future Electronics ........ (414)879-0244 

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

New Berlin 
Hamilton Hallmark ....•.. (414)780-7200 

Wauwatosa 
Newark ........•.•...• (414)453-9100 

Waukeaha 
Wyle Laboratories ........ (414)521-9333 
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CANADA 
ALBERTA 

Calgary 
Electro Sonic Inc. . • . . • .. (403)255-9550 
Future Electronics. . . • . • .. (403)250-5550 
Ham~ Hallmark ........ (604)420-4101 

Edmonton 
Future Electronics. • . • • . .. (403)438-2858 
Hamilton Hallmark ....... (800)663-5500 

BRITISH COLUMBIA 
Vancouver 

Arrow Electronics . . • . • . •. (604)421-2333 
Electro Sonic Inc ......... (604)273-2911 
Future Electronics ........ (604)294-1166 
Ham~ Hallmark ........ (604)420-4101 
Newark ............... (800)463-9275 

MANITOBA 
Winnipeg 

Electro Sonic Inc. ... . . •. (204)783-3105 
Future Electronics ........ (204)944-1446 
Ham~ Hallmark ..•....• (800)663-5500 

ONTARIO 
Ottawa 

Arrow Electronics ........ (613)226-6903 
Electro Sonic Inc .....•. " (613)728-8333 
Future Electronics .....•.. (613)820-8313 
HamltonlAvnet EloOllts ... (613)226-1700 

Toronto 
Arrow Electronics ........ (416)670-n69 
Electro Sonic Inc. ........ (416)494-1666 
Future Electronics. • . . . . .. (416)612-9200 
Ham~ Hallmark ........ (905)564-6060 
Newark ............... (800)463-9275 
Richardson Electronics .... (800)348-5530 

QUEBEC 
Montreal 

ArrowElectronics .•...... (514)421-7411 
Future Electronics ........ (514)694-n10 
Ham~ Hallmark .......• (514)335-1000 
Newark ............... (800)463-9275 
Richardson Electronics .... (800)348-5530 

Quebec City 
Future Electronics .•..•••• (418)8n-6666 
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SALES OFFICES 

UNITED STATES 
ALABAMA, Huntsville . • . . . . .. (205)464-6800 
ALASKA ................. (800)635-8291 
ARIZONA, Tempe ........... (602)897-5056 
CALIFORNIA, Agoura Hills .... (818)706-1929 
CALIFORNIA, Los Angeles .... (310)417-8848 
CALIFORNIA, Irvine ......... (714)753-7360 
CALIFORNIA, San Diego ..... (619)541-2163 
CALIFORNIA, Sunnyvale .•.•. (408)749-0510 
COLORADO, Colorado Springs .. (719)599-7497 
COLORADO, Denver ........ (303)337-3434 
CONNECTICUT, Wallingford ... (203)949-4100 
FLORIDA, Maitland . . . . . . . . .. (407)628-2636 
FLORIDA, Pompano Beach! 

Ft. Lauderdale ..........•. (305)351-6040 
FLORIDA, Clearwater ..... . .. (813)538-7750 
GEORGIA, Atlanta .......... (404)729-7100 
IDAHO, Boise ...........•.. (208)323-9413 
ILLINOIS, Chicago! 

Hoffman Estates .......... (708)413-2500 
Shaumburg . . . • . . . . . . . . .. (708)413-2500 

INDIANA, Fort Wayne ......•. (219)436-5818 
INDIANA, Indianapolis ....•.•. (317)571-0400 
INDIANA, Kokomo .......... (317)455-5100 
IOWA, Cedar Rapids . . . . . . . .. (319)376-0383 
KANSAS, KansasCity/Mission .. (913)451-8555 
MARYLAND, Columbia ....... (410)381-1570 
MASSACHUSETTS, Mar1borough . (508)481-8100 
MASSACHUSETTS, Woburn ... (617)932-9700 
MICHIGAN, Detroit .......... (313)347-6800 
MINNESOTA, Minnetonka ..... (612)932-1500 
MISSOURI, S1. Louis ....•.... (314)275-7380 
NEW JERSEY, Fairfield . . . . . .. (201 )808-2400 
NEW YORK, Fairport ......... (716)425-4000 
NEW YORK, Hauppauge ..•... (516)361-7000 
NEW YORK, Fishkill ......... (914)896-{)511 
NORTH CAROLINA, Raleigh ..• (919)870-4355 
OHIO, Cleveland ......•.•••• (216)349-3100 
OHIO,ColumbuslWorthington •• (614)431-8492 
OHIO, Dayton ••............ (513)495-6800 
OKLAHOMA, Tulsa. • . . . . • . .. (800)544-9496 
OREGON, Portland ......•..• (503)641-3681 
PENNSYLVANIA, Colmar ••••• (215)997-1020 

Philadelphia/Horsham ...... (215)957-4100 
TENNESSEE, Knoxville ....... (615)690-5593 
TEXAS, Austin ............. (512)502-2100 
TEXAS, Houston . . . . . . . . . . .. (800)343-2692 
TEXAS, Plano .............. (214)516-5100 
TEXAS, Seguin ......•...... (210)372-7620 
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UTAH, CSI •............... (801)561-5099 
VIRGINIA, Richmond ......... (804)285-2100 
WASHINGTON, Bellevue ...... (206)454-4160 

Seattle Access . . . . . . . . . . .• (206)622-9960 
WISCONSIN, Milwaukeel 

Brookfield .....•......... (414)792-{)122 

Field Applications Engineering Available 
Through All Sales Offices 

CANADA 
BRITISH COLUMBIA, Varr::tY.Ner . (604)293-7650 
ONTARIO, Toronto .......... (416)497-8181 
ONTARIO, Ottawa ........... (613)226-3491 
QUEBEC, Montreal .......... (514)333-3300 

INTERNATIONAL 
AUSTRALIA, Melbourne ..... (61-3)887-{)711 
AUSTRALIA, Sydney ........ 61(2)906-3855 
BRAZIL, Sao Paulo ....•.... 55(11)815-4200 
CHINA, Beijing ••............ 86-505-2180 
FINLAND, Helsinki ....•... 358-0-35161191 

car phone ••.•........... 358(49)211501 
FRANCE, ParisNanves ...... 33(1)40955900 
GERMANY, Langenhagenl 

Hannover ..•.....••.•.•• 49(511)789911 
GERMANY, Munich . • . • . . . . .• 49 89 921 03-D 
GERMANY, Nurenberg ...... 4991196-3190 
GERMANY, Sindelfingen ...... 49703169910 
GERMANY, Wiesbaden .•...•• 49611973050 
HONG KONG, Kwai Fong ...... 852-489-1111 

Tai Po .. .. .. .. .. .. . .. .... 852-6668333 
INDIA, Bangalore •.•......• (91-812)627094 
ISRAEL, Tel Aviv. . . • . . . . . .• 972(3)753-8222 
ITALY, Milan ..............•... 39(2)82201 
JAPAN, Atsugi ..•........ 81-462-23-D761 
JAPAN, Gotanda •...•.... 81-3-5487-8448 
JAPAN, Kumagaya . . . . . . .. 81-485-26-2600 
JAPAN, Kyushu .......... 81-92-771-4212 
JAPAN, Nagoya .......... 81-52-232-1621 
JAPAN, Osaka ..........• 81-{)6-305-1801 
JAPAN, Sendai ........... 81-22-268-4333 
JAPAN, Tachikawa ......•. 81-425-23-6700 
JAPAN, Takamatsu ........ 81-878-37-9972 
JAPAN, Tokyo ••......... 81-3-3440-3341 

JAPAN, Yokohama ........ 81-45-472-2751 
KOREA, Pusan ............ 82(51)4635-035 
KOREA, Seoul ••........... 82(2)554-5118 
MALAYSIA, Penang ....••..... 60(4)374514 
MEXICO, Mexico City .••..... 52(5)282-0230 
MEXICO, Guadalajara ........ 52(36)21-8977 

Marketing .........•••.•• 52(36)21-2023 
Customer Service ........ 52(36)669-9160 

NETHERLANDS, Best ....•.. (31)499861211 
PHILIPPINES, Manila ........ (63)2 822-0625 
PUERTO RICO, San Juan ..... (809)793-2170 
SINGAPORE ................ (65)2945438 
SPAIN, Madrid ..........•.. 34(1 )457-8204 

or . • . . . . . . . . . . . . . . . . . .. 34(1 )457-8254 
SWEDEN, Solna . . . . . . . . . . •. 46(8)734-8800 
SWITZERLAND, Geneva ..... 41(22)7991111 
SWITZERLAND, Zurich ....... 41 (1)730-4074 
TAIWAN, Taipei ...••....... 886(2)717-7089 
THAILAND, Bangkok ........ 66(2)254-4910 
UNITED KINGDOM, Aylesbury .. . 44(296)395-252 

FULL LINE REPRESENTATIVES 
CALIFORNIA, Loomis 

Galena Technology Group ... (916)652-0268 
NEVADA, Reno 

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

S&S Technologies, Inc ....... (505)298-7177 
UTAH, Salt Lake City 

Utah Component Sales, Inc .•. (801)561-5099 
WASHINGTON, Spokane 

Doug Kenley . • • . . . • . . . . •. (509)924-2322 

HYBRID/MCM COMPONENT 
SUPPLIERS 
Chip Supply ............... (407)298-7100 
Elmo Semiconductor .•.....•. (818)768-7400 
Minco Technology Labs Inc ..... (512)834-2022 
Semi Dice Inc .....•.••.....• (310)594-4631 

Motorola Distributor and Worldwide Sales Offices 



International Motorola Distributor and Sales Offices 

AUTHORIZED DISTRIBUTORS 
AUSTRALIA 
Ve~ek Ply Ltd ••..•.•...•• (61)3808-7511 
VSI Electronics (NZ) Ltd ..... (64)9 579-6603 
VSI Prornark Elec. Ply Ltd ...•. (61)2 439-4655 

AUSTRIA 
EBV Austria .•....••.... (43) 2228941774 
Elbatex GmbH ..•.•....•• (43) 222 86 3211 

BENELUX 
Diode Belgium ..•.••...... (32) 2 725 4660 
Diode Components BV ..... (31) 340 29 1234 
EBV Belgium •...••.....•. (32) 2 720 9936 
EBV Holland .........••. (31) 3465 623 53 
Rodelco Electronics ...•.... (31) 767 84911 
Rodelco N.V .............• (32) 2 460 0560 

CHINA 
Advanced Electronics Ltd. . . . . . (852)305-3833 
China EI. ARl. CorP. Xiamen Co. (86)592 553-487 
Nanco Electronics Supply Ltd •. (852) 333-5121 
Qing Cheng Enterprises Ltd. . . (852) 493-4202 

DENMARK 
Avnet Nortec AlS Denmark • •• (45) 42842000 
EBV Denmark ...........• (45) 39890511 

FINLAND 
Arrow Field OY ........... (35) 807 775 71 

FRANCE 
Arrow Electronique . . . . . . . (33) 1 49 78 49 78 
Avnet Components. . • . . . . (33) 1 49 65 25 00 
EBV France ............ (33) 1 6468 86 00 
Scaib ................ (33) 1 46 87 23 13 

GERMANY 
Avnet E2000 ......•..... (49) 89 4511001 
EBV Germany .......••... (49) 89 456100 
Future Electronics GmbH . (49) 89-957195-0 
Jermyn GmbH ...........• (49) 6431-5080 
Muetron, Mueller GmbH & Co. (49) 421-305 60 
Sasco GmbH •...••....•... (49) 89-46110 
Spoerle Electronic ....•... (49) 6103-304-0 

HONG KONG 
Nanshing Clr. & Chern. Co. Ltd . (852) 333-6121 
Wong's Kong King Semi. Ltd. . (852) 357-8888 

INDIA 
Canyon Products Ltd ....... (852) 755-2583 

ITALY 
Avnet Adelsy SpA .....•.. (39) 238103100 
EBV Italy ...•..•..••••.. (39) 266017111 
Silverstar SpA ............ (39) 2 66 1251 

JAPAN 
AMSC Co., Ltd. ••....... 81-422-~800 
Marubun Corporation ... " 81-3-3639-8951 
OMRON Corporation .•... 81-3-5488-3121 
Fuji Electronics Co., Ltd .. " 81-3-3814-1411 
Tokyo Electron Ltd •...... 81-3-3340-8239 
Nihon Motorola Micro Elec.. 81-3-3280-7333 

KOREA 
Lite-On Korea Ltd .••...•... (82)2 858-3853 
Lee Ma Industrial Co. Ltd. . ... (82)2 739-5267 
Jung Kwang Sa •....•.... (82)51802-2153 

NORWAY 
Avnet Nortec AlS Norway ...• (47) 66646210 

SCANDINAVIA 
Avnet Nortec (S) .........• (46) 87051800 
Avnet Nortec (OK) ........• (45) 42 842 000 
Avnet Nortec (N) .........• (47) 6 684 210 
ITT Mu~ikomponent AB ••... (46) 8 830 020 

SINGAPORE 
Alexan Commercial ....•..• (63)2 405-952 
GEIC ..••...•.•.....•.. (65) 298-7633 
P.T. Ometraco ....•.....•• (62)22630-805 
Shapiphat Ltd ...•......... (66)2221-5384 
Uraco Impex Asia Pte Ltd. '" (65) 284-0622 

SPAIN 
Amitron Arrow ......... " (34) 1 3043040 
EBV Spain ....•....•... (34) 1 358 86 08 
Selco S.A. .. .. .. .. . .. ... (34) 1 326 43 48 

SWEDEN 
Avnet Nortec AS ......... (48) 8629 1400 

SWITZERLAND 
ESV Switzerland ..••....• (41) 1 7401090 
Elbatex AG ...••....•...• (41) 56 275165 

TAIWAN 
Mercuries & Assoc. Ltd ..... (886)2 503-1111 
Solomon Technology Corp .... (886)2760-5858 
Strong EIec1ronk:s Co. Ltd ..•. (886)2917-9917 

Motorola Distributor and Worldwide Sales Offices 

UNITED KINGDOM 
Arrow Electronics (UK) Ltd. .• (44) 234 272733 
AvnetJAccess •••...••.... (44) 462 480888 
Future Electronics Ltd ••.... (44) 753 687000 
Macro Marketing Ltd •..••.. (44) 628 604 383 

CANADA 
ALBERTA 

Calgary 
Electro Sonic Inc. ..•.... (403)255-9550 
Future Electronics. . . . . . .. (403)250-5550 
Hamiiton/Avnet Electronics . (403)236-2484 

Edmonton 
Future Electronics. . . . . . •• (403)438-2858 
Hamiiton/Avnet Electronics . (800)663-5500 

BRITISH COLUMBIA 
Vancouver 

Electro Sonic Inc ..•••...• (609)273-2911 
Future Electronics. . • • . • .• (604)294-1166 
Hamiiton/Avnet Electronics . (604)420-4101 

MANITOBA 
Winnipeg 

Electro Sonic Inc. ....... (209)783-3105 
Future Electronics •..•.... (204)944-1446 
Hamiiton/Avnet Electronics . (204)942-3992 

ONTARIO 
Ottawa 

Arrow Electronics .•...••. (613)226-6903 
Electro Sonic Inc .•....•.. (613)728-8333 
Future Electronics •..•...• (613)820-8313 
Hamiiton/Avnet Electronics . (613)226-1700 

Toronto 
Arrow Electronics ..••... . (416)670-7769 
Electro Sonic Inc ....•.... (416)494-1555 
Future Electronics ........ (416)638-4771 
Hamilton/AvnetElectronics • (416)677-7432 
Richardson Electronics •... (416)458-5333 

QUEBEC 
Montreal 

ArrowElectronics ........ (514)421-7411 
Future Electronics ........ (514)694-7710 
Hamiiton/AvnetElectronics • (514)335-1000 

Quebec City 
Arrow Electronics .•...... (418)687-4231 
Future Electronics ........ (418)682-8092 

SI. Laurent 
Richardson Electronics .... (514)748-1770 
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IBM Sales Offices 

IBM IBM Centaur Corporation S-J Associates 
MICROELECTRONICS MICROELECTRONICS 18006 Sky Park Circle 265 Sunrise Highway 

Suite 106 Rockville Centre, NY 11570 
PowerPC Marketing MANUFACTURERS Irvine, CA 92714 Tel: (516) 536-4242 
Mail Stop A25/862-1 REPRESENTATIVES Tel: (714) 261-2123 Fax: (516) 536-9638 
1 000 River Street Fax: (714) 261-2905 
Essex Junction, VT 05452-4299 Bonser-Philhower 3547 West Lake Road 
Tel: (800) PowerPC 

Sales 3914 Murphy Canyon Road Canandaigua, NY 14424 
Tel: (800) 769-3772 #A125 Tel: (716) 394-3281 
Fax: (800) POWERfax 689 West Renner Road San Diego, CA 92123 Fax: (716) 394-1139 
Fax: (800) 769-3732 Suite 101 Tel: (619) 278-4950 

Richardson, TX 75080 Fax: (619) 278-0649 131-0 Gaither Drive Tel: (214) 234-8438 
Mt. Laurel, NJ 08054 Fax: (214) 437-0897 

23901 Calabasas Road Tel: (609) 866-1234 

8240 MoPac Expressway 
Suite 1063 Fax: (609) 866-8627 
Calabasas, CA 91302 

Suite 135 Tel: (818) 591-1655 10 Cooper Ridge Circle Austin, TX 78759 
Tel: (512) 346-9186 

Fax: (818) 591-7479 Guilford, CN 06437 

Fax: (512) 346-2393 Mill-Bern Associates Tel: (203) 458-7558 

2 Mack Road 
Fax: (203) 458-1181 

10700 Richmond Woburn, MA 01801 
900 S. Washington Street Suite 150 Tel: (617) 932-3311 

Houston, TX 77042 Fax: (617) 932-0511 Suite B-2 

Tel: (713) 782-4144 Falls Church, VA 22046 

Fax: (713) 789-3072 Nexus Tel: (703) 533-2233 
555 N. Mathilda Avenue Fax: (703) 533-2236 

Suite 120 
Sunnyvale, CA 94086 
Tel: (408) 720-4787 
Fax: (408) 720-4453 

IBM Sales Offices 



IBM Sales Offices 

IBM San Diego (SW) Illinois New Mexico 

MICROELECTRONICS 5520 Ruffin Rd., • Chicago (Central) Albuquerque (SW) 
Suite 209 870 Cambridge Drive 11728 Linn, N.E. 

DISTRIBUTORS San Diego, CA 92123 Elk Grove Village, IL 60007 Albuquerque, NM 87123 
Tel: (619) 268-1277 Tel: (708) 640-1910 Tel: (505) 292-2700 

Bell Industries, Inc. Fax: (619) 492-9826 Fax: (708) 640-1926 Fax: (505) 275-2819 
Electronic Distribution 

• Sunnyvale (NW) Indiana Ohio Group 1161 N. Fairoaks Ave. • Fort Wayne (Central) Cleveland (Central) 
11812 San Vicenta Blvd. Sunnyvale, CA 94089 3433 E. Washington Blvd. 31200 Solon Road, # 11 
Suite 300 Tel: (408) 734-8570 Ft. Wayne, IN 46803 Solon, Ohio 44139 
Los Angeles, CA 90049 Fax: (408) 734-8875 Tel: (219) 422-4300 Tel: (216) 498-2002 
Fax: 447-3265 Fax: (219) 423-3420 Fax: (216) 498-2006 
Tel: (800) BUY-BELL Colarado 

·FAE in these locations. 
• Denver (NW) • Indianapolis (Central) • Dayton Industrial (Central) 
1873 S. Bellaire St, #100 5230 West 79th Street 444 Windsor Park Drive 

Arizona Denver, CO 80222-0000 P.O. Box 6885 Dayton, OH 45459 

• Phoenix (SW) Tel: (303) 691-2460 Indianapolis, IN 46268 Tel: (513) 435-5922 

140 S. Lindon Lane #1 02 Fax: (303) 691-9036 Tel: (317) 875-8200 Fax: (513) 435-3122 

Tempe, AZ 85281 Connecticut 
Fax: (317) 875-8219 

Dayton (Military) 
Tel: (602) 966-3600 Hartford (NW) Maryland 446 Windsor Park Drive 
Fax: (602) 967-6584 1064 East Main Street Baltimore (Mid-Atlantic) Dayton, OH 45459 

California Meriden, CT 06450 8945 Guildford Rd., Tel: (513) 434-8231 

• Ventura (SW) Tel: (203) 639-6000 Suite 130 Fax: (513) 434-8103 

30101 Agoura Ct., #118 Fax: (203) 639-6005 Columbia, MD 21046 
Oregon 

Agoura Hills, CA 91301 Florida 
Tel: (410) 290-5100 

Portland (NW) 
Tel: (818) 879-9492 • Orlando (Southern) 

Fax: (410) 290-8006 
9275 S.W. Nimbus 

Fax: (818) 991-7695 650 S. North Lake Blvd, #400 Massachusetts Beaverton, OR 97005 

• Orange County (SW) Altamonte Springs, FL 32701 • Boston (NE) Tel: (503) 644-3444 

220 Technology Drive, Tel: (407) 339-0078 100 Burtt Road,#106 Fax: (503) 520-1948 

Suite 100 Fax: (407) 339-0139 Andover, MA 01810 
Pennysylvania 

Irvine, CA 92718 Georgia 
Tel: (508) 474-8880 

• Philadelphia (Mid-Atlantic) 
Tel: (714) 727-4500 Atlanta 

Fax: (508) 474-8902 
2556 Metropolitan Drive 

Fax: (714) 453-4610 3000 Business Park Dr., #0 New Jersey Trevose, PA 19053 

• Sacramento (NW) Norcross, GA 30071 Fairfield (Mid-Atlantic) Tel: (215) 953-2899 
4311 Anthony Ct., #100 Tel: (404) 446-7167 271 Route 46 West Fax: (215) 364-4927 

Rocklin, CA 95677 Fax: (404) 446-7264 Suites F202-203 
Tel: (916) 652-0418 Fairfield, NJ 07004 Texas 
Fax: (916) 652-0403 Tel: (201) 227-6060 Dallas (Southern) 

Fax: (201) 227-2626 1701 Greenville Ave #306 
Richardson, TX 75081 
Tel: (214) 690-0466 
Fax: (214) 690-0467 

2 IBM Sales Offices 



IBM Sales Offices 

Utah Massachusetts Arizona Connecticut 
Salt Lake City (Northwest) 16, Upton Drive Phoenix Connecticut 

6912 S. 185 West, Suite B Wilmington, MA 01887 9831 S. 51st St. 20 Sterling Drive 
Midvale, UT 84047 Tel: (508) 658-0222 Suite C1 07-109 Barnes Industrial Park, North 
Tel: (801) 561-9691 Fax: (508) 694-9987 Phoenix, AZ 85044 Post Office Box 200 
Fax: (801) 255-2477 Tel: (602) 496-0290 Wallingford, CT 06492-0200 

Minnesota Tel: (203) 265-3822 

Washington Minneapolis California 
Seattle (NW) 13513 McGinty Road E. Irvine Florida 

1715114thAve. S.E., #208 Minnetoka, MN 55305 One Morgan Fort Lauderdale 
Bellevue, WA 98004 Tel: (612) 933-3236 Irvine, CA 92718 2700 W. Cypress Creek Rd., 
Tel: (206) 646-8750 Fax: (612) 933-3415 Tel: (714) 458-5301 Suite 0114 
Fax: (206) 646-8559 Ft. Lauderdale, FL 33309 

New York/New Jersey Los Angeles Tel: (305) 977-4880 

Wisconsin 1055 Parsippany Blvd., Ste 501 26637 West Agoura Rd 
Milwaukee (Central) Parsippany, NJ 07054 Calabasas, CA 91302 Orlando 

W 226 N 900 Eastmound Tel: (201) 402-5959 Tel: (818) 878-7000 380 S. Northlake Boulevard, 
Waukesha, WI 53186 Fax: (201) 402-0424 Suite 1024 
Tel: (414) 547-8879 Sacramento Altamonte Springs, FL 32701 
Fax: (414) 547-6547 Texas 3039 Kilgore Avenue Tel: (407) 767-8585 

100 North Central Expressway, Rancho Cordova, CA 95670 
Ste502 Tel: (916) 635-9700 Tampa 

Bell Microproducts Richardson, TX 75080-5300 2840 Scherer Drive, Suite 410 

Branch Locations Tel: (214) 783-4191 San Diego St. Petersburg, FL 33716 

California 
Fax: (214) 234-2123 5961 Kearny Villa Tel: (813) 573-1399 

Northern 
San Diego, CA 92123 

1941 Ringwood Ave. Washington Tel: (619) 627-4140 Georgia 

San Jose, CA 95131 18210 Redmond Way, Ste 302 Atlanta 

Tel: (408) 451-9400 Redmond, WA 98052 San Francisco 5300 Oakbrook Parkway, 

Fax: (408) 451-1600 Tel: (206) 861-5710 336 Los Coches Street Suite 140 
Fax: (206) 885-5399 Milpitas, CA 95035 Norcross, GA 30093-9990 

Southern 
Tel: (408) 942-4600 Tel: (404)923-5750 

18350 Mt. Langley, # 207 
Colorado Illinois Fountaint Valley, CA 92708 Marshall Industries 

Tel: (714) 963-0667 Branch Locations Denver Chicago 

Fax: (714) 968-3195 Alabama 
12351 North Grant 50 East Commerce Drive, 
Thornton, CO 80241 Unit 1 

Huntsville Tel: (303) 451-8383 Schaumburg, IL 60173 
860-H Hampshire 3313 Memorial Parkway South Tel: (708) 490-0155 
Westlake Village, CA 91362 Huntsville, AL 35801 
Tel: (805) 496-2606 Tel: (205)881-9235 
Fax: (805) 496-6119 
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IBM Sales Offices 

Indiana Missouri Dayton Washington 
Indianapolis st. Louis 3520 Park Center Drive Seattle 

6990 Corporate Drive 3377 Hollenberg Drive Dayton, OH 45414 11715 North Creek Pkwy South, 
Indianapolis, IN 46278 Bridgeton, MO 63044 Tel: (513) 8984480 Suite 112 
Tel: (317) 297-0483 Tel: (314) 291-4650 Bothell, WA 98011 

Oregon Tel: (206) 486-5747 

Kansas New Jersey Portland 
Kansas City North New Jersey 9705 S.W. Gemini Drive Wisconsin 

10413 West 84th Terrace 101 Fairfield Road Beaverton, OR 97005 Milwaukee 
Pine Ridge Business Park Fairfield, NJ 07006 Tel: (503) 644-5050 Crossroads Corporate Center 1 
lenexa, KS 66214 Tel: (201) 882-0320 20900 Swenson Drive, Suite 
Tel: (913) 492-3121 Pennsylvania 150 

New York Philadelphia Waukesha, WI 53186 

Massachusetts Binghamton 158 Gaither Drive Tel: (414) 797-8400 

Boston 100 Marshall Drive Mt. Laurel, NJ 08054 
33 Upton Drive Endicott, NY 13760 Tel: (609) 234-9100 
Wilmington, MA 01887 Tel: (607) 785-2345 Canada 
Tel: (508) 658-0810 Texas G.S.Marshall Company 

Long Island Austin Toronto 
Maryland 95 Oser Avenue 8504 Cross Park Drive 4 Paget Road 

Maryland Haupanuge, NY 11788 Austin, TX 78754 Units 10 and 11 
2221 Broadbirch Drive Tel: (516) 273-2695 Tel: (512) 837-1991 Building 1112 
Silver Springs, MD 20904 Brampton, Ontario 
Tel: (301) 622-1118 Rochester Dallas L6T5G3 

1250 Scottsville Road Corporate Square Tech Tel: (416) 458-8046 
Michigan Rochester, NY 14624 Center III 

Michigan Tel: (716) 235-7620 1551 North Glenville Drive 
Montreal 

31067 Schoolcraft Richardson, TX 75081 
148 Brunswick Boulevard 

Livonia, MI48150 North Carolina Tel: (214) 705-0600 
Pointe Claire, Quebec H9R 5P9 

Tel: (313) 525-5850 Raleigh Tel: (514) 694-8142 
5224 Greens Dairy Road Houston 

Minnesota Raleigh, NC 27604 10681 Haddington Drive, 

Minneapolis Tel: (919) 878-9882 Suite 160 

14800 28th Avenue Houston, TX 77043 United Kingdom 
Suite 175 Ohio Tel: (713) 467-1666 Macro Marketing, LTD. 
Plymouth, MN 55447 Cleveland Branch Burnham Lane 
Tel: (612) 559-2211 30700 Bainbridge Road, Unit A Utah Slough SL 1 6LN 

Solon, OH 44139 Salt Lake City United Kingdom 

Tel: (216) 248-1788 2355 South 1070 W Tel: (44) 628604383 
Suite D Fax: (44) 628 666 873 

Salt Lake City, Utah 84119 /668071 
Tel: (801) 973-2288 
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IBM Sales Offices 

Blue Microelectronics 
Limited 
Albion House, 
Victoria Promenade 
Northhampton, NN1, 1HH 
United Kingdom 
Tel: (44) 604 603 310 
Fax: (44) 604603320 

France 
A2M 
5, rue Carle Vernet 
92315 SEVRES CEDEX 
France 
Tel:(33)-1-46-23-79-Q0 
Fax: (33)-1-46-23-79-23 

INTERNATIONAL 
SALES OFFICES 

IBM Sales Offices 

Leading 
Technologies SA 
1 Avenue des Neuvilles 
1920 Martigny 
Switzerland 
Tel: (41) 26-232 257 
Fax: (41) 26-228 609 

IBM Microelectronics 
Department 1045 
224 Boulevard J.F.Kennedy 
91105 Corbeil-Essonnes, 
CEDEX 
France 
Tel: (33) 1-60885167 
Fax: (33) 1-60 88 4920 

Germany 
In Distribution 
Postfach 1246 
Bahnhofstrasse 44 
0-71693 Moglingen, Germany 
Tel: 0130857314 
Fax: 0130 83 33 01 

IBM Microelectronics 
Europe 
Department 8142 
Tour Descartes, 
CEDEX50 
F.92066 Paris 
La Defense 
France 
Tel: (33) 1-49058533 
Fax: (33) 1-47887912 

Aviv Electronics 
4, Hayetzira St. 
Raanana,43100 
Israel 
Tel: (972) 9-983232 
Fax: (972) 9-916510 

IBM Microelectronics 
Department R0260 
800 Ichimiyake, 
Yasu-cho, Yasu-gun, Shiga-ken 
Japan 520-23 
Tel: (81) 775-87-4745 
Fax: (81) 775-87-4735 
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