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(57) ABSTRACT 

The problem identi?ed above is addressed in large part by a 
microprocessor as disclosed herein. The microprocessor 
includes a dispatch unit con?gured to receive a set of 
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instructions from an instruction cache and to forWard the set 

of instructions to an issue queue When the instructions are 

ready for execution. The dispatch unit may include sampling 
logic that is con?gured to select one of the instructions for 
performance monitoring from the set of instructions. The 
microprocessor further includes a performance monitor unit 
enabled to monitor performance characteristics of the 
selected instruction as it executes. The sampling logic may 
identify the instruction selected for monitoring as the 
instruction occupying an eligible position Within the set of 
instructions. The eligible position from Which the monitored 
instruction is selected may vary With each subsequent set of 
instructions. The sampling logic may include a selection 
mask that contains an asserted bit that identi?es the position 
Within the set of instructions from Which the selected 
instruction is chosen. The selection mask may include a 
single bit for each position in the set of instructions and may 
be implemented as a shift register that periodically rotates 
the eligible position. The rotation of the eligible bit position 
may occur every clock cycle, every dispatch cycle, or at 
some another suitable synchronous or asynchronous inter 
val. The selection mask may contain multiple asserted bits 
and may include a ?lter circuit that generates a selection 
vector based on the selection mask Where the selection 
vector includes only a single asserted bit. 
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INSTRUCTION SAMPLING IN A 
MICROPROCESSOR 

RELATED APPLICATION 

[0001] The subject matter of this application is related to 
the subject matter disclosed in a US. Patent application 
entitled Method and Apparatus for Instruction Sampling for 
Performance Monitoring and Debug, Docket No. AT9-99 
491, Ser. No. 09/435,069, ?led Nov. 4, 1999, Which shares 
a common inventor and assignee With present application 
and is incorporated by reference herein. 

BACKGROUND 

[0002] 1. Field of the Present Invention 

[0003] The present invention is related to the ?eld of 
superscalar microprocessors, and more particularly to the 
sampling of microprocessor instructions for analyZing and 
optimiZing the processor design. 

[0004] 2. History of Related Art 

[0005] Advanced processors typically provide facilities to 
enable the processor to count occurrences of softWare 
selectable events and to time the execution of processes 
Within an associated data processing system. These facilities 
are typically referred as performance monitors. Performance 
monitoring provides the ability to optimiZe softWare that is 
to be used by the system. A performance monitor may 
comprise any facility that is incorporated into the processor 
and is capable of monitoring selectable characteristics of the 
processors. A performance monitor may produce informa 
tion relating to the utiliZation of a processor’s instructions 
execution and storage control. The performance monitor can 
provide information, for example, regarding the amount of 
time that has passed betWeen events in a processing system. 
A softWare engineer may use the timing data gathered With 
the performance monitor to optimiZe programs by relocating 
branch instructions and memory accesses (as just tWo 
examples). A performance monitor may also be used to 
gather data about the access times to the data processing 
system’s L1 cache, L2 cache, and main memory. Using this 
data, system designers may identify performance bottle 
necks speci?c to particular softWare or hardWare environ 
ments. The information generated by performance monitors 
usually guides system designers toWard Ways of enhancing 
performance of a given system or of developing improve 
ments in the design of a neW system. 

[0006] A performance monitor typically includes a regis 
ter that is con?gured to count the occurrence of one or more 
speci?ed events. Typically, a programmable control register 
permits a user to select the events Within the system to be 
monitored and speci?es the conditions under Which the 
counters are enabled. Typically, it is considered unnecessary 
and highly impractical to monitor every instruction that is 
executed by a microprocessor due to the extremely large 
number of instructions that are executed in a short period of 
time. Instead, performance monitoring is typically enabled 
for only a sample of instructions. Detailed information about 
the sample instructions is collected as the instructions 
execute. Typically, instruction sampling is based upon a 
deterministic variable such as the instruction’s location 
Within an internal queue of the processor. When the sample 
instructions are based upon such criteria, the instructions 
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that are sampled for monitoring may not accurately repre 
sent the mix of instructions that are being executed by the 
hardWare. Therefore, it Would be desirable to implement a 
method of randomly sampling or selecting instructions for 
performance monitoring. 

SUMMARY OF THE INVENTION 

[0007] The problem identi?ed above is addressed in large 
part by a microprocessor as disclosed herein. The micro 
processor includes a dispatch unit con?gured to receive a set 
of instructions from an instruction cache and to forWard the 
set of instructions to an execution unit When the instructions 
are ready for execution. The dispatch unit may include 
sampling logic that is con?gured to select one of the 
instructions for performance monitoring from the set of 
instructions. The microprocessor further includes a perfor 
mance monitor unit enabled to monitor performance char 
acteristics of the selected instruction as it executes. The 
sampling logic may identify the instruction selected for 
monitoring as the instruction occupying an eligible position 
Within the set of instructions. The eligible position from 
Which the monitored instruction is selected may vary With 
each subsequent set of instructions. The sampling logic may 
include a selection mask that contains an asserted bit that 
identi?es the position Within the set of instructions from 
Which the selected instruction is chosen. The selection mask 
may include a single bit for each position in the set of 
instructions and may be implemented as a shift register that 
periodically rotates the eligible position. The rotation of the 
eligible bit position may occur every clock cycle, every 
dispatch cycle, or at some another suitable synchronous or 
asynchronous interval. The selection mask may contain 
multiple asserted bits and may include a ?lter circuit that 
generates a selection vector based on the selection mask 
Where the selection vector includes only a single asserted bit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Other objects and advantages of the invention Will 
become apparent upon reading the folloWing detailed 
description and upon reference to the accompanying draW 
ings in Which: 

[0009] FIG. 1 is a simpli?ed block diagram of a micro 
processor according to one embodiment of the invention; 

[0010] FIG. 2 depicts examples of instruction groups 
generated by the cracking unit of the processor of FIG. 1; 

[0011] FIG. 3 is a simpli?ed representation of a ?rst 
embodiment of a completion table suitable for use in the 
processor of FIG. 1; 

[0012] FIG. 4 is a simpli?ed representation of a second 
embodiment of a completion table suitable for use in the 
processor of FIG. 1; and FIG. 5 is a block diagram of an 
instruction sampling circuit according to one embodiment of 
the invention. 

[0013] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof are shoWn by Way of example in the draWings and 
Will herein be described in detail. It should be understood, 
hoWever, that the draWings and detailed description pre 
sented herein are not intended to limit the invention to the 
particular embodiment disclosed, but on the contrary, the 
intention is to cover all modi?cations, equivalents, and 
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alternatives falling Within the spirit and scope of the present 
invention as de?ned by the appended claims. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE PRESENT INVENTION 

[0014] Turning noW to the drawings, FIG. 1 is a simpli?ed 
block diagram of a processor 100 according to one embodi 
ment of the present invention. Processor 100 as depicted in 
FIG. 1 includes an instruction fetch unit 102 suitable for 
generating an address of the next instruction to be fetched. 
The fetched instruction address generated by fetch unit 102 
is loaded into a next instruction address latch 104 and 
provided to an instruction cache 110. Fetch unit 102 further 
includes branch prediction logic 106. As its name suggests, 
branch prediction logic 106 is adapted to make an informed 
prediction of the outcome of a decision that effects the 
program execution ?oW. The ability to correctly predict 
branch decisions is a signi?cant factor in the overall ability 
of processor 100 to achieve improved performance by 
executing instructions speculatively and out-of-order. The 
address produced by fetch unit 102 is provided to an 
instruction cache 110, Which contains a subset of the con 
tents of system memory in a high-speed storage facility. If 
the address instruction generated by fetch unit 102 corre 
sponds to a system memory location that is currently repli 
cated in instruction cache 110, instruction cache 110 for 
Wards the corresponding instruction to cracking logic 112. If 
the instruction corresponding to the instruction address 
generated by fetch unit 102 does not currently reside in 
instruction cache 110, the contents of instruction cache 110 
must be updated With the contents of the appropriate loca 
tions in system memory before the instruction can be 
forWarded to cracking logic 112. 

[0015] Cracking logic 112 is adapted to modify an incom 
ing instruction stream to produce a set of instructions 
optimiZed for executing in an underlying execution pipeline 
at extremely high operating frequencies (i.e., operating 
frequencies of approximately 1 GHZ). In one embodiment, 
for example, cracking logic 112 receives instructions in a 
32-bit Wide format such as the instruction set supported by 
the PowerPC@ microprocessor. Detailed information 
regarding the PowerPC@ instruction set is available in the 
PowerPC 620 RISC Microprocessor User’s Manual avail 
able from Motorola, Inc. (Order No. MPC620UM/AD), 
Which is incorporated by reference herein. 

[0016] In one embodiment, the format of instructions 
generated by cracking logic 112 includes explicit ?elds for 
information that is merely implied in the format of the 
fetched instructions such that the instructions generated by 
cracking logic 112 are Wider than received instructions. In 
one embodiment, for example, the fetched instructions are 
encoded according to a 32-bit instruction format and the 
format of instructions generated by cracking logic 112 is 64 
or more bits Wide. Cracking logic 112 is designed to 
generate these Wide instructions according to a prede?ned 
set of cracking rules. The Wide instructions generated by 
cracking logic 112 facilitate high-speed execution by includ 
ing explicit references to instruction operands. 

[0017] Cracking logic 112 as contemplated herein may be 
con?gured to organiZe a set of fetched instructions into 
instruction “groups”202, examples of Which are depicted in 
FIG. 2. Each instruction group 202 includes a set of instruc 
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tion slots 204a, 204b, etc. (collectively or generically 
referred to as instruction slots 204). The organiZation of a set 
of instructions into instruction groups facilitates high-speed 
execution by, among other things, simplifying the logic 
needed to maintain completion tables for a large number of 
in-?ight instructions. 

[0018] In one embodiment, the instruction address of just 
a single instruction in the instruction group 202 is main 
tained during the pendency of the instruction group (i.e., 
during the time When the instructions in instruction group 
202 are in ?ight). The single instruction address that is 
retained may be the address of the instruction stored in ?rst 
slot 204a of instruction group 202. In this embodiment, the 
regeneration of an instruction address for any instruction 
other than the instructions stored in ?rst slot 204a Will 
require additional effort because the instruction addresses 
for all other instructions in instruction group 202 have been 
discarded. 

[0019] In FIG. 2, three examples of instruction grouping 
that may be performed by cracking logic 112 are depicted. 
In Example 1, a set of instructions indicated by reference 
numeral 201 is transformed into a single instruction group 
202 by cracking logic 112. In the depicted embodiment, each 
instruction group 202 includes ?ve slots indicated by refer 
ence numerals 204a, 204b, 204c, 204d, and 2046 (generi 
cally or collectively referred to as instructions slot(s) 204), 
each of Which may contain a single instruction. 

[0020] The organization of sets of instructions into 
instruction groups simpli?es renaming recovery and 
completion table logic by reducing the number of instruc 
tions that must be individually tagged and tracked. The use 
of instruction groups thus contemplates sacri?cing some 
information about each instruction in an effort to simplify 
the process of tracking pending instructions in an out-of 
order processor. One implication of this arrangement is that 
it Will not alWays be possible to determine the instruction 
address of an instruction in an instruction group 202. More 
speci?cally, in the preferred embodiment, the only instruc 
tion address that is maintained is the address of the ?rst 
instruction in the instruction group. As long as instructions 
are executing and completing Without generating excep 
tions, the instruction address information is not necessary 
for the proper execution of the program and, therefore, the 
sacri?ce of this information is generally acceptable if the 
“exception probability” of each instruction is relatively loW. 
Arithmetic instructions such as ADD instructions have an 
exception probability that is essentially equal to Zero. 
Memory reference instructions such as load and store 
instructions may cause exceptions under a variety of cir 
cumstances, such as When, as an example, a required 
memory reference is not available in the processor’s data 
cache. A number of techniques are Well knoWn, hoWever, to 
reduce the probability of such cache miss exceptions, 
address translations exceptions, and other types of excep 
tions that memory reference instructions may generate. 
Branch instructions, on the other hand, tend to have a 
relatively high exception probability due to their speculative 
nature. To address the relatively high exception probability 
of branch instructions, one embodiment of processor 100 
mandates that the last slot in instruction group 202 (slot 2046 
in the depicted embodiment) is reserved for branch instruc 
tions only. This requirement is met in the Example 1 
depicted in FIG. 2 by inserting a NOP in slot 204d betWeen 



US 2004/0268097 Al 

the ADD instruction and the branch instruction. By placing 
instructions With a high exception probability, such as 
branch instructions, in the last available slot 204 of group 
202, cracking logic 112 guarantees that the instruction 
address of an instruction that folloWs a branch instruction 
Will be in the ?rst slot of a subsequent instruction group 
thereby guaranteeing that the instruction address of an 
instruction folloWing a branch is readily available in case the 
branch Was mispredicted. 

[0021] Asecond example of grouping preformed by crack 
ing logic 112 according to one embodiment of the invention 
is shoWn in Example 2 of FIG. 2. This example demon 
strates the capability of cracking logic 112 to break doWn 
complex instructions into a group of simple instructions for 
higher speed execution. In the depicted example, a sequence 
of tWo load-With-update (LDU) instructions are broken 
doWn into an instruction group including a pair of load 
instructions in slots 204a and 204c respectively and a pair of 
ADD instructions in slots 204b and 204d respectively. In this 
example, because group 202 does not contain a branch 
instruction, the last slot 2046 of instruction group 202 
contains no instruction. 

[0022] The PoWerPC® load-With-update instruction, like 
analogous instructions in other instruction sets, is a complex 
instruction in that the instruction affects the contents of 
multiple general purpose registers (GPRs). Speci?cally, the 
load-With-update instruction can be broken doWn into a load 
instruction that affects the contents of a ?rst GPR and an 
ADD instruction that affects the contents of a second GPR. 
Thus, in instruction group 202 of example tWo in FIG. 2, 
instructions in tWo or more instruction slots 204 correspond 
to a single instruction received by cracking unit 112. 

[0023] In Example 3, a single instruction entering crack 
ing unit 112 is broken doWn into a set of instructions 
occupying multiple groups 202. More speci?cally, Example 
3 illustrates a load multiple (LM) instruction. The load 
multiple instruction (according to the PowerPC@ instruction 
set) loads the contents of consecutive locations in memory 
into consecutively numbered GPRs. In the depicted 
example, a load multiple of six consecutive memory loca 
tions breaks doWn into six load instructions. Because each 
group 202 according to the depicted embodiment of proces 
sor 100 includes, at most, ?ve instructions, and because the 
?fth slot 204e is reserved for branch instructions, a load 
multiple of six registers breaks doWn into tWo groups 202a 
and 202b respectively. Four of the load instructions are 
stored in the ?rst group 202a While the remaining tWo load 
instructions are stored in the second group 202b. Thus, in 
Example 3, a single instruction is broken doWn into a set of 
instructions that span multiple instruction groups 202. 

[0024] Returning noW to FIG. 1, the Wide instructions 
generated in the preferred embodiment of cracking unit 112 
are forWarded to dispatch unit 114. Dispatch unit 114 is 
responsible for determining Which instructions are ready for 
execution and forWarding the executable instructions to each 
issue queue 120. In addition, dispatch unit 114 communi 
cates With dispatch and completion control logic 116 to keep 
track of the order in Which instructions Were issued and the 
completion status of these instructions to facilitate out-of 
order execution. In the embodiment of processor 100 in 
Which cracking unit 112 organiZes incoming instructions 
into instruction groups as discussed above, each instruction 
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group 202 is assigned a group tag (GTAG) by completion 
and control logic 116 that conveys the ordering of the issued 
instruction groups. 

[0025] Dispatch unit 114 may assign monotonically 
increasing values to consecutive instruction groups. With 
this arrangement, instruction groups With loWer GTAG 
values are knoWn to have issued prior to (i.e., are younger 
than) instruction groups With larger GTAG values. In asso 
ciation With dispatch and completion control logic 116, a 
completion table 118 is utiliZed in one embodiment of the 
present invention to track the status of issued instruction 
groups. 

[0026] Turning to FIGS. 3 and 4, simpli?ed block dia 
grams of completion table 118 according to alternative 
embodiments are presented. In the embodiment depicted in 
FIG. 3, completion table 118 includes a set of entries 302a 
through 30211 (collectively or generically referred to herein 
as completion table entry(ies) 302). In this embodiment, 
each entry 302 includes a GTAG ?eld 308, an instruction 
address (IA) ?eld 304 and a status bit ?eld 306. Each GTAG 
?eld 308 contains the GTAG value of a corresponding 
instruction group 202. In another embodiment of completion 
table 118 (depicted in FIG. 4), the GTAG ?eld 308 is 
eliminated. In this embodiment, the GTAG value is con 
strained to an integer less than or equal to the number of 
entries 302 in completion table 118. The GTAG value itself 
identi?es the entry 302 in Which the corresponding instruc 
tion group resides. Thus, the instruction group stored in 
entry 1 of completion table 118 Will have a GTAG value of 
one. In this embodiment of completion table 118 completion 
table 118 may further include a “Wrap around” bit to indicate 
that an instruction group With a loWer GTAG value is 
actually younger than an instruction group With a higher 
GTAG value. In one embodiment, the instruction address 
?eld 304 includes the address of the instruction in ?rst slot 
204a of the corresponding instruction group 202. Status ?eld 
306 may contain one or more status bits indicative of 

Whether, for example, the corresponding entry 302 in 
completion table 118 is available or if the entry has been 
allocated to a pending instruction group. Status ?eld 306 
may include, for example, a valid bit (V) and a sample bit 
(S). In this embodiment, the valid bit V may indicate 
Whether a corresponding instruction has been committed to 
an architectural register While the sample bit S may indicate 
Whether a corresponding instruction is selected for perfor 
mance monitoring. These bits are described in greater detail 
beloW With respect to FIG. 5. 

[0027] In the embodiment of processor 100 depicted in 
FIG. 1, instructions are issued from dispatch unit 114 to 
functional units 121 for execution. Each functional unit 121 
includes an issue queue 120 suitable for storing instructions 
pending execution and a corresponding execution pipe 122. 
Processor 100 may include a variety of types of execution 
pipes, each designed to execute a subset of the processor’s 
instruction set. In one embodiment, execution pipes 122 may 
include a branch unit pipeline 124, a load store pipeline 126, 
a ?xed point arithmetic unit 128, and a ?oating point unit 
130. Each execution pipe 122 may comprise tWo or more 
pipeline stages. Instructions stored in issue queues 120 may 
be issued to execution pipes 122 using any of a variety of 
issue priority algorithms. In one embodiment, for example, 
the oldest pending instruction in an issue queue 120 is the 
next instruction issued to execution pipes 122. In this 
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embodiment, the GTAG values assigned by dispatch unit 
114 are utilized to determine the relative age of instructions 
pending in the issue queues 120. 

[0028] When an instruction is ultimately forWarded from 
issue queues 120 to the appropriate execution pipe 122, the 
execution pipe performs the appropriate operation as indi 
cated by the instruction’s opcode and Writes the instruction’s 
result to the instruction’s rename GPR by the time the 
instruction reaches a ?nish stage (indicated by reference 
numeral 132) of the pipeline. A mapping is maintained 
betWeen the rename GPRs and their corresponding archi 
tected registers. When all instructions in an instruction group 
(and all instructions in younger instruction groups) ?nish 
Without generating an exception, a completion pointer in the 
completion table 118 is incremented to the next instruction 
group. When the completion pointer is incremented to a neW 
instruction group, the rename registers associated With the 
instructions in the old instruction group are released thereby 
committing the results of the instructions in the old instruc 
tion group. If it is determined that one or more instructions 

older than a ?nished (but not yet committed) instruction 
generated an exception, the instruction generating the excep 
tion and all younger instructions are ?ushed and a rename 
recovery routine is invoked to return the GPRs to a valid 
value. 

[0029] In the depicted embodiment, processor 100 
includes a performance monitor unit 150 that receives one or 
more signals from the various execution pipes 122. Typi 
cally, each signal received by performance monitor 150 
indicates the occurrence of an event that occurred during the 
execution of an instruction. Performance monitor unit 150 
may include one or more performance monitor control 
registers (PMCRs) 152 for selecting the types of events that 
are to be monitored and a set of one or more performance 

monitor counter (PMC) registers 151 in Which occurrences 
of a selected event are recorded. Performance monitor unit 
150 provides a facility by Which details of the operation of 
processor 100 may be measured and recorded for subsequent 
analysis or debug. Further illustrative information about one 
implementation of performance monitor unit 150 is dis 
closed in the related application cited above and incorpo 
rated by reference herein. 

[0030] In one embodiment, dispatch unit 114 includes the 
instruction sampling circuit 500 depicted in FIG. 5. Instruc 
tion sampling circuit 500 operates in conjunction With 
performance monitor unit 150 to monitor the performance of 
selected instructions. In an embodiment suitable for use in a 
processor 100 that organiZes instructions into instruction 
groups 202, sampling circuit 500 is enabled to select an 
instruction from an instruction group 202 for performance 
monitoring. When the instruction group 202 is dispatched 
for execution, performance monitor unit 150 Will monitor 
the operation of the selected instruction. In the preferred 
embodiment, sampling circuit 500 identi?es an instruction 
group slot 204 for each instruction group 202. If the instruc 
tion group 202 contains a valid instruction in the slot 204 
identi?ed by sampling circuit 500, that instruction is tagged 
for performance monitoring. Preferably, the slot 204 
selected by sampling circuit 500 may vary With each instruc 
tion group 202 in a random or pseudo-random manner. By 
randomiZing the selection of monitored instructions, sam 
pling circuit 500 is more likely to generate performance data 
that is representative of the instructions that are contained in 
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the application itself. For a variety of reasons, sampling 
instructions for monitoring based upon, for example, 
instruction type or the instruction’s position in an internal 
queue may produce performance data based upon a sample 
of instructions that is not truly representative of an applica 
tion. 

[0031] As depicted in FIG. 5, sampling circuit 500 
includes a softWare programmable input mask 502 con 
nected to a selection mask 504. Upon appropriate transition 
of a load signal 506 received by sampling circuit 500, the 
contents of input mask 502 are transferred to selection mask 
504. Typically, the number of bits in input mask 502 and the 
number of bits in selection mask 504 are the same. In 
addition, the number of bits in selection mask 504 typically 
bears some relationship to the arrangement of instructions 
Within processor 100. In an embodiment suitable for use 
With the processor 100 described herein, the bit Width of 
selection mask 504 is equal to the maximum number of 
instructions in an instruction group 202. If, for example, an 
instruction group 202 includes a maximum of ?ve instruc 
tions (i.e. ?ve slots 204), selection mask 504 is preferably 
?ve bits Wide such that each bit in selection mask 504 
corresponds to an instruction slot 204 in instruction group 
202. 

[0032] Input mask 502 enables a user to control the initial 
condition of selection mask 504. Typically, a programmed 
value With selection mask 504 of “1” indicates that a 
corresponding instruction may be sampled Whereas a pro 
grammed “0” indicates no sampling. In one embodiment, 
selection mask 504 is implemented as a shift register that is 
driven by a shift signal 508. Upon each appropriate transi 
tion of shift signal 508, the bits Within selection mask 506 
rotate by one bit position (With the end bit being rotated to 
the opposite end). Thus, if selection mask 504 is imple 
mented as a shift right register, the right most bit position is 
shifted to the left most bit position While all other bits are 
shifted to the right. Shift signal 508 may be derived from 
various signals. As an example, shift signal 508 may be 
derived from the processor clock signal such that the bits in 
selection mask 504 shift each clock cycle. In another 
embodiment, a group dispatch signal that is asserted each 
time dispatch unit 114 dispatches a neW instruction group 
202 controls shift signal 508. 

[0033] In the preferred embodiment, the number of bits in 
selection mask 504 is at least as great as the number of 
instructions that the processor can dispatch in a single cycle. 
Thus, if the processor 100 can dispatch ?ve instructions in 
a cycle, selection mask 504 is typically at least ?ve bits 
Wide. In one embodiment, the asserted bits of selection mask 
504 indicate the instructions in an instruction group 202 that 
are eligible for sampling. If multiple bits Within selection 
mask 504 are asserted and each asserted bit corresponds to 
a valid instruction in an instruction group 202, then multiple 
instructions are eligible for sampling. 

[0034] In one embodiment, a maximum of one eligible 
instruction per instruction group is actually sampled. In this 
embodiment, the ability to assert multiple bits in selection 
mask 504 may still be desirable to increase the probability 
of sampling an instruction from each instruction group 202. 
Since an instruction group 202 may include slots 204 that do 
not contain a valid instruction and the asserted bits in 
selection mask 504 are shifting, there may be occasions 



US 2004/0268097 A1 

When none of the asserted bits in selection mask 504 
correspond to valid instructions in instruction group 202. As 
the number of asserted bits in selection mask 504 is 
increased, the probability of matching an asserted selection 
mask bit With a valid instruction increases as Well. At the 
other extreme, hoWever, the randomness of the instruction 
sampling process may decrease as the number of asserted 
bits in selection mask 504 increases. If, for example, all bits 
in selection mask 504 Were asserted, then the number of 
eligible instructions in each instruction group 202 Would 
equal the number of valid instructions in the instruction 
group. In cases Where there are multiple valid instructions in 
a single instruction group 202, some method of selecting the 
single instruction for sampling Would presumably be 
required. If processor 100 used a simple selection scheme in 
Which, for example, the left-most eligible instruction in an 
instruction group 202 becomes the sampled instruction, the 
assertion of too many bits in selection mask 504 Would result 
in excessive monitoring of the instruction in ?rst slot 504a. 

[0035] To balance the desire to sample a large number of 
instructions With the desire to increase the randomness of the 
instruction selection process, the instruction sampling circuit 
500 permits the setting of multiple bits in selection mask 
504, but ?lters out all but one of the asserted bits in a 
sampling ?lter 510. Sampling ?lter 510 typically receives an 
n-bit Word from selection mask 504 and generates an n-bit 
?lter output vector 530 that contains a single asserted bit. In 
the depicted embodiment, sampling ?lter 510 selects the 
most signi?cant (i.e., left most) asserted bit in selection 
mask 504. The instruction slot 204 in instruction group 202 
corresponding to the bit selected by ?lter 510 is the eligible 
instruction slot. If the eligible instruction slot contains a 
valid instruction, performance-monitoring unit 150 monitors 
the performance of that instruction When it executes. 

[0036] In the depicted embodiment, ?lter 510 includes a 
set of circuits 512a, 512b, 512c, and 512d (generically or 
collectively referred to herein as circuit(s) 512) connected 
betWeen each pair of adjacent bit positions in selection mask 
504. The set of circuits 512 are con?gured to ripple a “0” 
through each bit position in ?lter output vector 530 that is to 
the right of the left-most asserted bit in selection mask 504. 
Thus, ?lter 510 detects the position of the ?rst asserted bit 
(starting from the left) in selection mask 504. Filter 510 
passes the ?rst asserted bit (as Well as any cleared bits that 
precede the ?rst asserted bit) through to ?lter output vector 
530 unchanged and clears all bit positions to the right of the 
?rst asserted bit. Each circuit 512 includes an inverter 514 
and a 2-input AND gate 516. The output of inverter 514 
provides one of the inputs to AND gate 516. The inverter 
514 receives its input from the output of the AND gate 516 
in preceding circuit 512. The input to the ?rst inverter 514a 
of the left most circuit 512a receives its input from the left 
most bit of selection mask 504. 

[0037] The ?lter output vector 530 is ANDed via a set of 
AND gates 540 With a sample enable signal 542 to produce 
a selection vector 550. The sample enable signal 542 may 
re?ect the status of a programmable control register bit of 
processor 100. Alternatively, sample enable signal 542 may 
comprise the output of a hardWare or softWare module that 
determines When to initiate instruction sampling based upon 
predetermined processor events. 

[0038] When sampling is enabled, the selection vector 550 
is equivalent to the ?lter output vector 530. In one embodi 
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ment, selection vector 550 is used to program a set of sample 
bits 560 (one of Which is illustrated in FIG. 5) in an entry 
302 of completion table 118. In the depicted embodiment, 
each entry 302 in completion table 118 includes information 
about the group of instructions corresponding to the entry 
302. This instruction information includes a sample bit and 
a valid bit for each instruction in the instruction group. Each 
bit in selection vector 550 is ANDed together With a corre 
sponding valid bit in entry 302. If the selection vector bit is 
set and the corresponding instruction is valid, the instruction 
sample bit is set in completion table entry 320. When 
processor 100 executes the corresponding instruction, the 
asserted sample bit may provide an input to various circuits 
in processor 100 to enable performance monitoring or some 
other analysis or debug facility. 

[0039] In this manner, processor 100 includes the ability to 
monitor the performance of instructions selected based upon 
the position of one or more asserted bits Within a rotating 
selection mask. The rotation of the bits in selection mask 
randomiZes the selection the sample of instructions selected 
for monitoring. If, for example, instructions of a certain type 
are more likely to occupy certain slots 202 in an instruction 
group 204, the rotation of the selection mask reduces the 
likelihood over-sampling and under-sampling of these 
instructions. 

[0040] Those skilled in the ?eld of microprocessor having 
the bene?t of this disclosure Will appreciate that the depicted 
embodiment of processor includes facilities for optimiZing 
the sampling of instructions for monitoring. It is understood 
that the form of the invention shoWn and described in the 
detailed description and the draWings are to be taken merely 
as presently preferred examples. The folloWing claims 
should be interpreted broadly to embrace all the variations of 
the preferred embodiments disclosed. 

What is claimed is: 
1. A microprocessor comprising: 

a dispatch unit con?gured to forWard instructions com 
prising an instruction group to at least one functional 
unit for execution; 

sampling logic con?gured to select an instruction from the 
instruction group for performance monitoring based 
upon the slot of the instruction group in Which the 
selected instruction is located; and 

a performance monitor unit con?gured to receive from the 
functional unit at least one signal indicative of an event 
occurring during execution of an instruction and further 
con?gured to record the occurrence of the event if the 
instruction Was selected for performance monitoring. 

2. The microprocessor of claim 1, Wherein the sampling 
logic generates a selection vector comprising a single 
asserted bit indicative of the instruction group slot in Which 
the selected instruction is located. 

3. The microprocessor of claim 2, Wherein an initial 
condition of the selection vector is derived from a program 
mable input mask. 

4. The microprocessor of claim 3, Wherein the input mask 
is transferable to a selection mask from Which the selected 
instruction is determined and Wherein the contents of the 
selection mask vary With time. 
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5. The microprocessor of claim 4, wherein selection mask 
is applied to a ?lter to produce the selection vector, Wherein 
the ?lter selects a single asserted bit from the asserted bits 
in the selection mask. 

6. The microprocessor of claim 5, Wherein the ?lter 
selects the most signi?cant asserted bit in the selection mask. 

7. The microprocessor of claim 1, Wherein the sampling 
logic includes a shift register comprising a bit position 
corresponding to each instruction group slot and Wherein the 
selected instruction is determined from the shift register. 

8. The microprocessor of claim 7, Wherein the shift 
register shifts periodically and further Wherein shifts in the 
shift register affect the selected vector. 

9. The microprocessor of claim 1, Wherein the sampling 
logic sets a bit indicative of the selected instruction in a 
completion table entry corresponding to the instruction 
group. 

10. A data processing system including processor, 
memory, display, and input means, the processor compris 
mg: 

a dispatch unit con?gured to forWard instructions com 
prising an instruction group to at least one functional 

unit for execution; 

sampling logic con?gured to select an instruction from the 
instruction group for performance monitoring based 
upon the slot of the instruction group in Which the 
selected instruction is located; and 

a performance monitor unit con?gured to receive from the 
functional unit at least one signal indicative of an event 
occurring during execution of an instruction and farther 
con?gured to record the occurrence of the event if the 
instruction Was selected for performance monitoring. 

11. The data processing system of claim 10, Wherein the 
sampling logic generates a selection vector comprising a 
single asserted bit indicative of the instruction group slot in 
Which the selected instruction is located. 

12. The data processing system of claim 11, Wherein an 
initial condition of the selection vector is derived from a 
programmable input mask. 
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13. The data processing system of claim 12, Wherein the 
input mask is transferable to a selection mask from Which 
the selected instruction is determined and Wherein the con 
tents of the selection mask vary With time. 

14. The data processing system of claim 13, Wherein the 
selection mask is applied to a ?lter to produce the selection 
vector, Wherein the ?lter selects a single asserted bit from the 
asserted bits in the selection mask. 

15. The data processing system of claim 1, Wherein the 
sampling logic includes a shift register comprising a bit 
position corresponding to each instruction group slot and 
Wherein the selected instruction is determined from the shift 
register. 

16. A method of executing instructions in a microproces 
sor, comprising: 

grouping a set of instructions into an instruction group 
and assigning an entry corresponding to the instruction 
group in a completion table; 

selecting an instruction from the instruction group for 
performance monitoring based upon the instruction 
position Within the instruction group; and 

recording the occurrence of an event associated With the 
selected instruction When the selected instruction is 
executed. 

17. The method of claim 16, Wherein the selected instruc 
tion position varies from instruction group to instruction 
group. 

18. The method of claim 16, selecting the instruction for 
performance monitoring includes generating a selection 
vector With a single asserted bit indicative of the selected 
instruction. 

19. The method of claim 18, Wherein generating the 
selection vector includes ?ltering all but one asserted bit 
from a selection mask comprising at least one asserted bit. 

20. The method of claim 19, Wherein ?ltering all but one 
asserted bit from the selection mask includes clearing all 
asserted bits except for the most signi?cant asserted bit in 
the selection mask. 


