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MPC7410 and MPC7450:
Comparison and Compatibility

Raiyan T. Zaman The primary objective of this application note is to describe the differences in functiona

CPD Applications timing between the MPC7410 and MPC7450 microprocessors. This document also compares
the fetch, dispatch, execute, finish, and complete stages in both microprocessors, including a
detailed description of the different execution units and their interaction with other functional
blocks of each processor. This application note covers the following topics.
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1 Overview

The MPC7410 microprocessor is an implementation of a family of reduced instruction set
computer (RISC) microprocessors that implement the 32-bit PowerPC architecture and
AltiVec™ technology. One goa of the MPC7410 is to achieve compelling multimedia
performance. The scalar pipelines of the MPC7410 are similar to those of the MPC750, with
a five-stage pipeline model—fetch, decode/dispatch, execute, complete, and write-back. In
the MPC7410, double- and single-precision versions of floating-point instructionsincur equal
latency in multiplication.

The MPC7450 aso implements the 32-bit PowerPC architecture. It has a seven-stage
superscalar pipeline model—fetchl, fetch2, decode/dispatch, issue, execute, complete, and
write-back. The MPC7450 has an extra fetch stage and an issue stage between dispatch and
execute compared to the MPC7410.

To improve throughput, both microprocessors implement pipelining, superscalar instruction
dispatch, branch folding, removal of fall-through branches, and multiple execution units that
operate independently and in paralel. However, the MPC7410 handles two levels of
speculative branching, whereas the MPC7450 handles three.

The main differences between the MPC7410 and MPC7450 microprocessors are different
resource sizes, the use of issue queues, and the addition of afinish stage between completion
and execution stages. For more details on the particular execution stages, see Chapter 6,
“Instruction Timing,” in the MPC7410 RISC Microprocessor User’'s Manual and the
MPC7450 RISC Microprocessor Family User’s Manual.
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Figure 1 and Figure 2 show the flow of instructions through the superscalar pipeline of the MPC7410 and
the M PC7450 microprocessors, respectively. Figure 1 and Figure 2 also list the high-level instruction timing
features of the MPC7410 and MPC7450 microprocessors.
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Figure 1. MPC7410 Instruction Flow Diagram
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Figure 2. MPC7450 Instruction Flow Diagram

As an instruction passes from execution stage to execution stage within an execution unit, a subsequent
instruction can follow through the stages as the former instruction vacates them, alowing severa
instructions to be processed simultaneously. Although it may take several cycles for an instruction to pass
through all of the required stages when the pipeineisfull, oneinstruction can be completed on every clock
cycle. In other words, one instruction per cycle throughput is achieved in a given execution unit.

Figure 3 and Figure4 show relationships between stages and events in the MPC7410 and MPC7450,
respectively. The stages are label ed above the pipeline model and the starting points of the events are marked
with arrows.
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Figure 3. MPC7410 Microprocessor Pipeline Stages and Events
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Figure 4. MPC7450 Microprocessor Pipeline Stages and Events

A pipeline can be described as either a physical entity or a sequence of events. In the latter case, a stage is
aperiod of time during which certain actions are performed, such as decoding the instruction, performing
an arithmetic operation, or writing back the results. Typically, the latency of a stage is one microprocessor
clock cycle.

Some events, such as dispatch, retire, and write-back, happen instantaneously and may be described as
occurring at the end of a stage. For example, the retire must occur at the end of the complete stage; an
instruction isretired after it has updated architecture-defined registers with its results and is removed from
the completion queue.

See Figure 6-1, in Chapter 6, “Instruction Timing,” of the MPC7410 RISC Microprocessor User’s Manual
and MPC7450 RISC Microprocessor Family User’s Manual for more detail.

An instruction can spend multiple cycles in one stage. An integer multiply, for example, requires multiple
cycles in the execute stage. When this occurs, subsegquent instructions in that pipeline may stall. An
instruction can also occupy more than one stage simultaneously, especially in the sense that a stage describes
a physical resource—for example, when instructions are dispatched they are assigned an entry in the
compl etion queue (CQ) at the same time they are passed to the issue queues.

MPC7410 and MPC7450: Comparison and Compatibility

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.
High-Level Comparison

2 High-Level Comparison

The instruction timing comparisons between the MPC7410 and M PC7450 microprocessors are divided into
the following four categories:

* Instruction fetch timing

« Branch prediction

* Instruction dispatch, issue, and reservation station considerations
»  Execution, rename, finish, completion, and retire considerations

2.1 Instruction Fetch Timing

Instruction fetching is the process of bringing instructions from memory (such as a cache or system
memory) and placing them in the entries of the Q. The latency associated with accessing an instruction
depends on whether the instruction isin the branch target instruction cache (BTIC), on-chip caches, off-chip
L 3 cache (MPC7450 only), or system memory (in which case latency is further affected by bus traffic, bus
clock speed, and address translation issues).

A comparison of MPC7410 and MPC7450 instruction fetch timing is listed in Table 1. Table 1 is divided

into four sub-categories—general information, cache arbitration, cache hit, and cache miss.

Table 1.Comparison of Instruction Fetch Timing

Features

MPC7410

MPC7450

General Information

Number of instructions that
microprocessor can hold in 1Q
and CQ

12 instructions

24 instructions

Maximum number of
instructions in the 1Q

Six instructions

12 instructions

Pipeline control

Five-stage pipeline control—fetch,
decode/dispatch, execute, complete, and
write-back.

Seven-stage pipeline control—fetchl,
fetch2, decode/dispatch, execute, issue,
complete, and write-back.

Fetch stage is primarily
involved in retrieving
instructions

One fetch stage—fetch

Two fetch stages—fetchl and fetch2

Maximum number of
instructions that can be fetched
from the instruction cache in
one cycle

Four instructions

Fetch latency

Depends on whether the fetch hits the
BTIC, instruction MMU, L1 instruction
cache, or L2 cache.

Depends on whether the fetch hits the
BTIC, instruction MMU, L1 instruction
cache, L2 cache, or off-chip L3 cache.

Required latency for cache
block boundary

Needs one cycle, as cache block
boundary does not break the four
instructions into multiple accesses.

Needs at least two cycles, as cache block
boundary breaks the four instructions into
two accesses.
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Table 1.Comparison of Instruction Fetch Timing (continued)

Features MPC7410 MPC7450

Cache Arbitration

Reasons for refetch Instructions cannot be fetched if cache is | Instructions cannot be fetched if cache or
busy due to a cache-line-reload operation | MMU is busy due to a higher priority
operation, including reload.

Cache Hit

Word length Critical-double-word is written Critical-quad-word is written
simultaneously to cache and forwarded to | simultaneously to cache and forwarded to
the 1Q to minimize stall the IQ to minimize stall

Cache Miss

Effect of cache miss If no cache hit occurs, a memory If no cache hit occurs, a memory
transaction is required, affecting fetch transaction is required, affecting fetch
latency due to bus traffic, bus clock latency due to bus traffic, and bus clock
speed, and memory translation. speed.

2.2 Branch Prediction Comparison

Branch prediction is the process of guessing the direction, or target, of a conditional branch. Although,
branch direction prediction (performed by the branch prediction unit (BPU)) involves guessing whether a
branch will be taken, target prediction involves guessing the target address of a bclr branch. The PowerPC
architecture also defines a means for static branch prediction as part of the instruction encoding.

If abranchispredicted astaken, al instructions are flushed from the instruction queue (1Q) in the next clock
cycle. If the branch is unconditional, or if the specific conditions are already known, the branch can be
resolved immediately. If the branch direction and target address are not known, they must be predicted. To
reduce branch mispredictions, instructionsthat set CR bits should be separated from the branch instructions.
Both microprocessors offer resources to resolve branch instructions and improve the accuracy of branch
predictions. Table 2 describes differences and similarities in handling branch instructions between the two
Mi Croprocessors.

Table 2.Comparison of Branch Prediction Unit Features

Features MPC7410 MPC7450

General Information

BTIC 64-entry 128-entry

Branch Target Instruction Cache

Resources BTIC, dynamic branch prediction, and BTIC, dynamic branch prediction, static
static branch prediction. branch prediction, and link register stack.

Levels of speculation Two-level speculative branch handling Three-level speculative branch handling

Instructions in BTIC First two instructions in the target stream | First four instructions in the target stream
can be fetched into the 1Q on the next can be fetched into the 1Q on the next
clock cycle clock cycle

Number of cycle required for First one or two instructions can dispatch | First four instructions can dispatch on the

branch instructions to dispatch | on the next clock cycle third clock cycle

BTIC invalidation Disabled and invalidated through bits in HIDO
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Table 2.Comparison of Branch Prediction Unit Features (continued)

Features MPC7410 MPC7450
Number of idle cycles if One idle cycle is required if the target Two idle cycles are required if the target
instructions are not in BTIC instructions are in instruction cache instructions are in instruction cache
instead of BTIC instead of BTIC

Dynamic Branch Prediction

Size of branch history table 512-entry 2048-entry 1

(BHT)

Branch direction and data Conditional branch direction cannot be Conditional branch direction cannot be

dependency resolved if this is a CR data dependency |resolved if this is a LR, CR, or CTR data
dependency

Enabling dynamic branch Enabled through HIDO[BHT]

prediction

Link Stack Registers (LSR)

LSR and its importance No LSR Stalls are avoided by implementing an
eight-entry LSR

An mtspr (LR) followed by a | Fetching stops and the branch waits for | The link stack is used to predict the
bclr the mtspr to execute instruction target address

Related Latency

Latency in branch operation One-cycle One- or two-cycle
bclr
Latency in condition register One-cycle Two-cycle

logical execution

1 Helps prevent aliasing in the BHT, which reduces prediction accuracy.

2.3 Dispatch, Issue, and Reservation Station Considerations

Several factors affect a microprocessor’s ability to dispatch instructions—the mix of instructions, the
availability of the execution unit, destination rename registers, and avail ability of CQ entries, aswell asthe
handling of completion-serialized instructions. Note that the availability of issue queue entries apply only
to the MPC7450.

The dispatch stage decodes instructionsin the bottom entries of the | Q, renames any source/target operands,
determines which issue queue (MPC7450 only) each non-branch instruction is dispatched, and determines
whether the required space is available in both the issue (MPC7450 only) and completion queue. The
decode/dispatch stage fully decodes each instruction; most instructions are dispatched to the execution unit
reservation stations of the MPC7410 or to the issue queues of the MPC7450.

The issue stage (MPC7450 only) is responsible for reading source operands from rename registers and
register files. This stage ends when instructions are assigned and routed to the proper execution unit. The
issue stage also determines when instructions and their operands should be latched into the reservation
station. For more information on the issue queues, see Section 6.2, “Instruction Timing Overview,” in the
MPC7450 RISC Microprocessor Family User’s Manual.

Reservation stations are buffers that allow instructions to be dispatched (MPC7410 only) or issued
(MPC7450 only) even though the results of other instructions on which the dispatched or issued instruction
may depend, are not available. If a data dependency keeps an instruction from starting execution, that
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instruction isissued to areservation station and the rename registers are assigned, eliminating the dispatch
unit stalls (MPC7410 only) or issue queue stalls (MPC7450 only) of the subsequent instructions.

Table 3 describes the different considerations of the dispatch and issue stages of the two microprocessors.

Table 3.Comparison of Dispatch, Issue, and Reservation Stations

Features

MPC7410

MPC7450

Dispatch Unit

Maximum dispatch throughput
per cycle

Two instructions

Three instructions

Instructions dispatch from 1Q

Lowest two entries—IQ0 and IQ1

Lowest three entries—IQO, 1Q1, and 1Q2

Number of resource
requirements for dispatcher to
avoid stall

Three resource requirements:

* Rename check

» Execution unit available check

» CQ available check (CQ is not full) and
in-order completion

Four resource requirements:

* Issue queue available check

* Rename check

» Branch ready check

» CQ available check (CQ is not full) and
in-order completion

Importance of dispatcher

N/A

Dispatcher performs the following

functions:

* Locates source operands

« Allocates rename registers for
destination operands

To reduce dispatch unit stalls
due to instruction data
dependencies

« Single-entry reservation station for
FPU, SRU, VPU, VALU, and each IU
» Two-entry reservation station for LSU

* Issue queues

« Single-entry reservation station for
AltiVec units and each IUls

» Two-entry reservation stations for
LSU, IU2, and FPU.

Instruction serialization limits
dispatch

One instruction per cycle even though the
microprocessor can dispatch two
instructions per cycle

One instruction per cycle even though the
microprocessor can dispatch three
instructions per cycle

Types of instruction
serialization

Five basic types—execution, store, sync,
completion, and refetch.

Three basic types—execution, store, and
refetch.

Issue Queue

Number of issue queues

N/A

Three issue queues

» Six-entry GPR issue queue (GIQ)

» Four-entry vector issue queue (VIQ)
» Two-entry floating-point issue queue

(FIQ)

Number of instructions that can
be accepted in the issue
gueues per cycle

N/A

Three instructions to various issue
queues:

* GIQ can accept three instructions (1U1,
IU2, and all LSU, including
floating-point and AltiVec loads and
stores).

» VIQ can accept two instructions (all
AltiVec instructions other than load,
store, and vector touch).

» FIQ can accept one instruction (FPU).

Number of resource
requirements for issue queues

N/A

One resource requirement:
* An execution unit available check
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Table 3.Comparison of Dispatch, Issue, and Reservation Stations (continued)

Features MPC7410 MPC7450
Advantage of issue queue N/A * Issue queue can hold decoded
instructions even if execution units are
busy

* Issuing instructions out-of-order from
GIQ can eliminate stalls

Reservation Stations

Definition of reservation station | Reservation stations are buffers between | Reservation stations are buffers between

the dispatch and execute stages the issue and execute stages
Number of instructions As many as two instructions can be As many as three instructions can be
dispatched to the reservation | dispatched to the reservation station issued in any order to the LSU, IU2, and
stations per cycle associated with FPU, SRU, VPU, VALU, |IU1 reservation stations from the bottom
IU, and LSU execution units. three GIQ entries.

2.4 Execution, Rename, Finish, Complete, and Retire
Considerations

The execution stage accepts instructions when the required reservation stations are not busy. Execution
begins when all operands are available, the instruction is in the bottom reservation station, and any
execution seriaization requirements are met. This stage consists of the time between the acceptance of
instruction by an execution unit (or reservation station) and the point at which the instruction vacates the
execution unit.

The execution unit executes instructions (possibly over multiple cycles), writes results on its result bus, and
notifies the CQ when the instruction finishes. The execute stage does not update architected registers. Both
microprocessors can execute instructions out-of-order, but in-order completion by the completion unit
ensures a precise execution mechanism. For more information on in-order completion, see Section 6.3.3.2,
“Instruction Serialization,” in the MPC7450 RISC Microprocessor Family User’s Manual. The execution
unit al so reports any exceptionsto the compl etion stage. I nstruction-generated exceptions are not taken until
the excepting instruction is next to retire.

When an instruction finishes execution, results are made available to subsequent instructions in the
appropriate GPR, FPR, or VR rename registers, which are temporary buffers for holding results of
instructions that have finished execution but have not completed. After results are available in the rename
registers, they are stored in the correct GPR, FPR, or VR during the write-back stage. If a subsequent
instruction needs the result as a source operand, the result is simultaneously made available to the
appropriate execution unit, which allows a data-dependent instruction to be decoded and dispatched without
waiting to read the data from the register file.

If no rename registers are available, instructions cannot decode or dispatch, and remain in the 1Q until the
required rename registers become available. Under most conditions, rename registers have sufficient
bandwidth to allow dispatch of two or three instructions per clock cycle, depending on the microprocessor.
For more information on rename registers see Section 6.3.3.1, “Rename Register Operation,” in the
MPC7450 RISC Microprocessor Family User’'s Manual.

The finish stage is only defined in the MPC7450 microprocessor. Note that not all execution units have a
finish stage, athough all of them have finish events. In this stage, an executed instruction finishes by
notifying the CQ that execution iscomplete and results have been made available to subsequent instructions.
Architecture-defined registers are not updated until the instruction is retired. For most execution units,
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finishing occurs at the end of the last cycle of execution; however, for FPU, 1U2, and VIUZ2, finishing occurs
at the end of a separate, one-cycle stage after the final execution stage.

The completion stage follows the execution stage in the MPC7410 and the finish stage in the MPC7450
microprocessors. The completion unit maintainsthe correct program order after instructions are dispatched
from the 1Q with in-order completion and a precise exception model. In-order completion ensures the
correct architectural machine state and commits the results to architecture-defined registersin proper order
to alow proper recovery from a mispredicted branch or exception.

Completion logic detects program-rel ated exceptions when the instruction causing the exception reachesthe
last position in the CQ. Prior instructions are allowed to complete before the exception is taken, and all
following instructions are canceled. Also, their execution results in rename buffers are discarded, and the
correct instruction stream is fetched. When all completion requirements are met and no dependencies exist,
two or three instructions (depending on the microprocessor) can retire from the CQ in program order, and
the results are written back to the architecture-defined registers in the clock cycle after retirement. Both
microprocessors alow an instruction to finish and complete in the same cycle, if it residesin CQO.

Table 4 describes the differences and similarities of the execution, finish, complete, and retire stages of the
twO microprocessors.

Table 4.Comparison of Execution, Rename, Finish, Complete, and Retire Stages

Features MPC7410 MPC7450

Maximum number of Eight instructions in 8-entry CQ Sixteen instructions in 16-entry CQ

instructions executed per cycle

Multiple-stage execution units | FPU, LSU, VCIU, VFPU FPU, LSU, U2, VIU2, VFPU, VPU
LSU has two-stage pipeline LSU has three-stage pipeline
FPU has three-stage pipeline FPU has five-stage pipeline
IU2 has single-stage pipeline IU2 has three-stage pipeline

Integer units One single-cycle IlU1—executes all Three single-cycle lUls—executes all
integer instructions integer instructions except multiply,

divide, and move to/from special-purpose
register instructions.

One single-cycle IU2—executes all Multiple-cycle IU2—executes CR logical
integer instructions except multiply and | operations, integer multiply and divide,
divide and move to/from special-purpose

register instructions.

Most integer instructions have a single-cycle execution latency

Integer store gathering Performs store gathering only for Performs store gathering for
write-through operations to nonguarded | write-through and cache-inhibited
space operations to nonguarded space
Store gathering is not done for the Store gathering is not done for the
following: following:
» Byte-reverse store operations » Double-word to quad-word gathering if
A store that occurs during a table in 60x bus mode
search operation » Cache-inhibited or write-through
« Little-endian and floating-point store stores if the result would violate MPX
operations bus alignment
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Table 4.Comparison of Execution, Rename, Finish, Complete, and Retire Stages (continued)

Features

MPC7410

MPC7450

Floating-point unit

Most FPU instructions have three-cycle
execution latency and one-cycle
throughput

Most FPU instructions have five-cycle
execution latency and one-cycle
throughput

fdivs, fdiv, and fres have 17-31 cycles
latency.

fdivs, fdiv, and fres have 14-35 cycles
latency.

For best floating-point performance:

* All exceptions should be disabled in
the FPSCR and MSR

* If an exception is enabled, the FPU
takes an additional cycle to complete
instructions.

For best floating-point performance:

* |EEE floating-point exceptions should
be disabled in the FPSCR and MSR

* If an exception is enabled, the
instruction traps to the program
interrupt handler.

Load/store unit

Two-cycle latency and one-cycle
throughput

GPR and vector load instructions have a
three-cycle latency and one-cycle
throughput. FPR load instructions have a
four-cycle latency and one-cycle
throughput.

AltiVec unit

Two AltiVec units—Permute unit (VPU)
and arithmetic logical unit (VALU) consist
of three subunits (VFPU, VSIU, VSIU).

Four independent units for vector
computations—permute (VPU), simple
integer (VIU1), complex integer (VIU2),
and floating-point (VFPU).

VFPU has a four-stage pipeline that is a
part of VALU

VFPU has a four-stage pipeline

All VFPU instructions have a four-cycle
latency in non-Java mode and a
five-cycle latency in Java mode

Most VFPU instructions have a four-cycle
latency regardless of Java or non-Java
mode

VSIU has a single-stage pipeline that is a
part of VALU

VIU1 has a single-stage pipeline

VCIU has a three-stage pipeline that is a
part of VALU

VIU2 has a four-stage pipeline

VPU (separated from VALU) has a
single-stage pipeline

VPU has a two-stage pipeline

Performance effects of memory
operand placement

No effects on AltiVec and there is no
constraint on using string instructions

Alignment exception occurs to
non-cached memory because of AltiVec
memory operations and usage of string
instructions is strongly discouraged

Maximum number of
instructions dispatched to
AltiVec unit

One instruction to the VALU and one to
the VPU

Two instructions to four independent
AltiVec units

Rename registers

GPR, FPR, and VR each have six
rename registers.

GPR, FPR, and VR each have 16 rename
registers.

CR, LR, and CTR have one rename
register.

CR, LR, and CTR have one rename
register.

Number of instructions
renamed from dispatcher

Six instructions to each of GPRs, VRs,
and FPRs.

Four, three, and two instructions to GPRs,
VRs, and FPRs, respectively.
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Table 4.Comparison of Execution, Rename, Finish, Complete, and Retire Stages (continued)

Features

MPC7410

MPC7450

Finish stage

N/A

Finish queue is associated with the
following execution units—IU2, FPU, and
VIUL.

Maximum number of
instructions that can retire from
the CQ per clock cycle

Two instructions

Three instructions

Requirements for instructions
to retire simultaneously but in
order

N/A

Instructions must be non-speculative to
complete

As many as three rename registers can
be updated in a given register file

Write-back stage (in the
context of instruction handling)

Write-back occurs when a result is written
into the architectural registers (typically
the GPRs, FPRs, and VRSs).

The write-back stage occurs in the clock
cycle after the instruction is retired

3 Conclusion

The MPC7410 and MPC7450 microprocessors have similar functional features relevant for instruction
execution. However, the main differences between the execution of instructions in the MPC7410 and
MPC7450 are different resource sizes, use of issue queues, and splitting of the completion and execution
stages. With a longer basic pipeline compared to the MPC7410 microprocessor, the MPC7450 provides
higher frequency. Also, the MPC7450 is optimized for minimizing the number of idle functional units and
pipeline stalls. The longer pipeline of the MPC7450 is more sensitive to branch mispredictions, which
causes some code sequences to run slower. The MPC7450 has more integer computing capacity available
for scheduling because of the additional integer units.

4 Revision History

Table 5 provides arevision history for this application note.

Table 5.Revision History

Rev. No.

Substantive Change(s)

0 Initial release.
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