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CACHE MANAGEMENT FOR A 
MULTI-THREADED PROCESSOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] The present invention pertains to the ?eld of com 
puter systems. More particularly, this invention relates to 
cache management in a multi-threaded processor. 

[0003] 2. Art Background 

[0004] Computer systems typically include a processor 
and a memory hierarchy. The memory hierarchy usually 
includes a main memory that holds instructions and data for 
the processor. Typically, the processor fetches instructions 
from the main memory, reads data associated With the 
instructions from the main memory, executes the instruc 
tions, and Writes result data back into the main memory. 

[0005] In addition, the memory hierarchy of a computer 
system typically includes one or more cache memories. For 
example, a computer system may include a primary cache 
Which is also knoWn as a level one (L1) cache. The primary 
cache is usually tightly integrated With the processor and 
may be contained on the same integrated circuit as the 
processor. A computer system may also include a secondary 
cache Which is also knoWn as a level tWo (L2) cache. The 
secondary cache is usually further doWn the memory hier 
archy betWeen the primary cache and the main memory. 

[0006] A typical cache memory is a relatively small and 
fast memory that holds blocks of instructions and/or data 
obtained from the main memory. A block of instructions or 
data held in a cache memory may be referred to as a cache 
line or a data line. A cache memory usually provides a 
processor With relatively fast access to data lines contained 
therein in comparison to the time required to obtain the same 
data line from the main memory. As a consequence, a cache 
memory if managed efficiently can greatly increase the 
throughput of a processor by providing fast access to 
instructions and/or data. 

[0007] Typically, a processor obtains a particular data line 
by issuing an address for the particular data line. The 
primary cache usually performs a lookup operation in 
response to the address to determine Whether the particular 
data line is contained therein. If the particular data line is not 
contained in the primary cache, a condition knoWn as a 
cache miss to the primary cache, then the address of the 
particular data line is propagated doWn to a loWer level of 
the memory hierarchy. This usually results in a lookup 
operation in the secondary cache or a read memory opera 
tion in the main memory. In either case, the particular data 
line is eventually returned from the loWer level of the 
memory hierarchy and it is usually placed into the primary 
cache. This process may be referred to as a cache ?ll 
operation and the particular data line may replace another 
data line already stored in the primary cache. 

[0008] In addition, the processor employed in a computer 
system may be a multi-threaded processor. A multi-threaded 
processor is a processor that sWitches execution among 
multiple threads. A thread may be de?ned as a stream of 
addresses associated With the instructions and data of a 
particular sequence of code that has been scheduled Within 
the processor. 
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[0009] One advantage of a multi-threaded processor is that 
it can sWitch threads and continue instruction execution 
during a long latency operation such as a cache ?ll opera 
tion. This usually provides an overall increase in throughput 
particularly When a missing data line must be obtained from 
the main memory. 

[0010] Nevertheless, conditions may exist in a computer 
system having a multi-threaded processor that cause the 
primary cache to be largely overrun by the data lines 
associated With a particular thread. Such a condition may be 
referred to as cache pollution and may sloW the execution of 
threads other than the particular thread. 

[0011] For example, consider a multi-threaded processor 
that sWitches betWeen threads A and B. NoW consider that a 
cache miss to the primary cache occurs during execution of 
thread A, and that a cache miss to the secondary cache 
occurs, and that the missing data line must be obtained from 
the main memory during a cache ?ll operation. NoW con 
sider that during the cache ?ll operation, Which typically 
takes a relatively long time in comparison to the speed of the 
primary and secondary caches, the processor begins execut 
ing thread B. Consider also that thread B happens to be 
associated With data lines contained in the secondary cache. 
Under such conditions, the primary cache can become 
polluted With the data lines associated With thread B as 
misses to the primary cache cause large numbers of data 
lines of the primary cache to be replaced With data lines 
obtained from the secondary cache during execution of 
thread B. 

[0012] Unfortunately, this has the consequence of subse 
quently causing higher numbers of primary cache misses for 
thread A Which further decreases the throughput for thread 
A. Moreover, prior primary caches are not managed in such 
a Way as to avoid such cache pollution or to provide a 
balance betWeen the throughput obtained by the different 
threads in a multi-threaded processor. 

SUMMARY OF THE INVENTION 

[0013] A method and apparatus is disclosed Which pro 
vides a cache management policy for use With a cache 
memory for a multi-threaded processor. The cache memory 
is partitioned among a set of threads of the multi-threaded 
processor. When a cache miss occurs, a replacement line is 
selected in a partition of the cache memory Which is allo 
cated to the particular thread from Which the access causing 
the cache miss originated, thereby preventing pollution to 
partitions belonging to other threads. The partitioning may 
be static. Alternatively, the partitioning may be dynamic and 
may be used to control relative throughput associated With 
the threads. 

[0014] Other features and advantages of the present inven 
tion Will be apparent from the detailed description that 
folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention is described With respect to 
particular exemplary embodiments thereof and reference is 
accordingly made to the draWings in Which: 

[0016] FIG. 1 illustrates a method for managing a cache 
memory for a multi-threaded processor; 
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[0017] FIGS. 2a-2b show example partitions of a cache 
memory Which is a 4-Way cache; 

[0018] FIG. 3 illustrates an arrangement for partitioning a 
cache memory among a set of threads of a multi-threaded 
processor; 

[0019] FIGS. 4a-4b shoW example allocations of Ways 
1-4 of a cache memory to a set of threads of a multi-threaded 
processor using allocation thresholds; 

[0020] FIG. 5 illustrates an arrangement for partitioning a 
cache memory among threads of a multi-threaded processor 
using allocation thresholds. 

[0021] FIGS. 6a-6b shoW example allocations of parti 
tions of a cache memory based on roWs; 

[0022] FIG. 7 illustrates an arrangement for partitioning a 
cache memory among threads of a multi-threaded processor 
for partitioning based on roWs of the cache memory. 

DETAILED DESCRIPTION 

[0023] FIG. 1 illustrates a method 10 for managing a 
cache memory for a multi-threaded processor. The cache 
memory is subdivided into a set of partitions each of Which 
is allocated to a particular thread of the multi-threaded 
processor. The partitions of the cache memory may be static, 
i.e. hard-Wired, or the partitions may be dynamic. For 
example, the cache memory or the multi-threaded processor 
may contain Writeable registers that specify the partitions of 
the cache memory and the mapping of each partition to the 
threads of the multi-threaded processor. 

[0024] The method 10 is undertaken When the multi 
threaded processor issues an address for a desired data line. 
The desired data line may contain instructions or data or 
instructions and data depending upon Whether the cache 
memory is an instruction cache, a data cache, or a combined 
instruction/data cache. 

[0025] At step 20, a cache lookup operation is performed 
to access the desired data line from the cache memory. If the 
desired data line is not stored in the cache memory then the 
cache lookup operation causes a cache miss. If the desired 
data line is stored in the cache memory then the cache 
lookup operation causes a cache hit. 

[0026] At step 22, if a cache miss occurs then control 
proceeds to step 26. OtherWise, a cache hit occurs and the 
access of the desired data line continues at step 24. 

[0027] At step 26, a thread of the multi-threaded processor 
from Which the access to the desired data line originated is 
determined. 

[0028] At step 28, a replacement line is selected from a 
partition of the cache memory that is allocated to the thread 
determined at step 26. This selection of the replacement line 
only from the partition allocated to the thread determined at 
step 26 prevent pollution of partitions of the cache memory 
that are allocated to other threads. 

[0029] At step 30, a cache ?ll operation is performed to 
obtain the missing desired data line and place the desired 
data line into the replacement line selected at step 28. 

[0030] FIGS. 2a-2b shoW example partitions of a cache 
memory 40. In these examples, the cache memory 40 is a 
4-Way cache and the partitions correspond to the Ways of the 
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cache. In general, an n-Way cache memory may be parti 
tioned in a variety of arrangements among a set of M threads 
of a multi-threaded processor. 

[0031] The cache memory 40 may be an instruction cache, 
a data cache, or a combined instruction and data cache. The 
cache memory may be implemented on the same integrated 
circuit that contains a multi-threaded processor. In addition, 
the cache memory 40 may be a primary cache of a multi 
threaded processor or may be a secondary cache. 

[0032] FIG. 2a shoWs an example allocation of Ways 1-4 
of the cache memory 40 to a set of threads A and B of a 
multi-threaded processor. In this example, Ways 1-2 are 
allocated to thread A and Ways 3-4 are allocated to thread B. 

[0033] With this example allocation, an access to a data 
line that originates With thread A causes a replacement line 
to be selected from either Way 1 or Way 2 at step 28 upon a 
cache miss. As a consequence, the cache ?ll operation at step 
30 does not pollute Ways 2-3 Which are allocated to thread 
B. Similarly, an access to a missing data line that originates 
With thread B causes a replacement line to be selected from 
either Way 3 or Way 4 at step 28, thereby preventing 
pollution of Ways 1-2 Which are allocated to thread A. 

[0034] FIG. 2b shoWs another example allocation of Ways 
1-4 of the cache memory 40 to the threads A and B of a 
multi-threaded processor. In this example, Way 1 is allocated 
to threadA and Ways 2-4 are allocated to thread B. An access 
to a missing data line that originates With thread A causes a 
replacement line to be selected only from Way 1 at step 28, 
thereby preventing pollution of Ways 2-4 Which are allocated 
to thread B. An access to a missing data line that originates 
With thread B causes a replacement line to be selected from 
either Way 2, Way 3, or Way 4 at step 28, thereby preventing 
pollution of Way 1 Which is allocated to thread A. 

[0035] The cache memory 40 includes an array of storage 
cells that are arranged as a set of roWs 1-x. Each roW 1-x 
includes storage cells for each of the Ways 1-4. The storage 
cells for each of the Ways 1-4 include storage cells for 
holding a data line, storage cells for holding tag bits, and 
storage cells for holding replacement information. 

[0036] For example, the Way 1 storage cells of roW 1 
include storage cells for storing a corresponding data line, 
storage cells for storing tag bits for the corresponding data 
line, and storage cells for storing replacement information 
for the corresponding data line. In one embodiment, the 
replacement information is a set of age bits that enable a 
determination of the age of the corresponding data line as 
may be utiliZed if the replacement policy is least recently 
used (LRU). 
[0037] FIG. 3 illustrates an arrangement for partitioning 
the cache memory 40 among a set of threads of a multi 
threaded processor 50. In this example, the multi-threaded 
processor 50 includes a thread A and a thread B. Neverthe 
less, the techniques illustrated here are easily extended to 
processors having an arbitrary number of threads. In addi 
tion, although the multi-threaded processor 50 is shoWn With 
hardWare support for multiple threads, i.e. multiple registers 
sets and specialiZed processor status, the present techniques 
are easily adaptable to systems in Which multi-threading is 
implemented in softWare or ?rmWare. 

[0038] The multi-threaded processor 50 includes an 
address register 52 Which corresponds to thread A and an 
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address register 54 Which corresponds to thread B. The 
address registers 52-54 may be program counters that hold 
instruction pointers for fetching the instruction streams 
associated With threads A and B. Alternatively, the address 
registers 52-54 may be addressing registers associated With 
data addressing modes of the multi-threaded processor 50. 
For example, the address registers 52-54 may be index 
registers associated With a general purpose register set in 
that the multi-threaded processor 50 includes a general 
register set of each of the threads A and B. 

[0039] The multi-threaded processor 50 includes an inter 
face circuit 56 that passes on either an address 53 from the 
address register 52 or an address 55 from the address register 
54 to the cache memory 40 as a data line address 70. The 
address passed on to the cache memory 40 depends upon 
Which of the threads A or B is being executed by the 
processor 50. For example, the processor 50 may include a 
status register that indicates Which of the threads A or B is 
currently being executed and the interface circuit 56 selects 
either the address 53 or 55 in response to the contents of that 
status register. 

[0040] The cache memory 40 includes a hash circuit 62 
that implements a hashing algorithm for converting the data 
line address 70 into a roW index 74. The roW index 74 
speci?es a particular roW of the storage cells 60 in Which the 
data line speci?ed by the data line address 70 may be stored. 
The roW index 74 causes that particular roW of the storage 
cells 60 to be read out. The particular roW selected by the 
roW index 74 includes 4 sets of replacement information 76. 
The replacement information 76 includes a set of replace 
ment information for each of the 4 Ways, in one embodi 
ment, of the cache memory 40. 

[0041] If a cache miss on the data line address 70 occurs, 
then a replacement selector 66 selects a data line in the 
selected roW of the storage cells 60 for replacement. This 
may be also referred to as nominating a replacement can 
didate or selecting a replacement line. The data line to be 
replaced is indicated on a signal line 82. 

[0042] The replacement line is selected in response to the 
sets of replacement information 76 and in response to a bit 
mask 78. The bit mask 78 ensures that the replacement 
selector 66 nominates only data lines that are allocated to the 
corresponding thread Which caused the cache miss. 

[0043] The bit mask 78 is provided by a set of partition 
mask registers 68. The partition mask registers 68 store a bit 
mask for each of the threads of the multi-threaded processor 
50. For example, a thread Abit mask of 1100 indicates that 
Ways 1-2 of the storage cells 60 are allocated to thread A and 
a thread B bit mask of 0011 indicates that Ways 2-3 of the 
storage cells 60 are allocated to thread B. In another 
example, a thread Abit mask of 1110 indicates that Ways 1-3 
of the storage cells 60 are allocated to thread A and a thread 
B bit mask of 0001 indicates that Way 4 of the storage cells 
60 is allocated to thread B. 

[0044] The partition mask registers 68 provide the appro 
priate bit mask 78 to the replacement line selector 66 in 
response to an indication 72 from the multi-threaded pro 
cessor 50. The indication 72 speci?es Whether it is thread A 
or thread B that is currently being executed. If it is thread A 
that is being executed then the bit mask for thread A is 
provided as the bit mask 78. If it is thread B that is being 
executed then the bit mask for thread B is provided as the bit 
mask 78. 

Aug. 16, 2001 

[0045] The replacement line selector 66 uses the bit mask 
78 to determine Which of the partitions of the storage cells 
60 are to be used in its replacement algorithm. For example, 
the bit mask 78 of 1100 causes the replacement line selector 
to use only Ways 1-2 in its replacement algorithm. 

[0046] The replacement algorithm implemented in the 
replacement line selector 66 may take any form. Possibilities 
include LRU algorithms as Well as random replacement 
algorithms. 

[0047] For example, if it is an LRU algorithm then the sets 
of replacement information 76 include a set of age bits for 
each of the Ways 1-4 of the selected roW of the storage cells 
60. With the bit mask 78 of 1100, the replacement line 
selector 66 compares only the age bits of Ways 1-2 to 
determine Which is the oldest data line. The replacement line 
selector 66 then transfers a value of either 1 or 2 on the 
signal lines 82 to indicate Which of the data lines, either Way 
1 or Way 2, of the selected roW of the storage cells 60 is the 
replacement line. 

[0048] The indication of the selected replacement line on 
the signal lines 82 is provided to a cache ?ll circuit 64. The 
data line address 70 propagates doWn to a system bus 80 in 
order to read the missing data line either from a main 
memory accessible via the system bus 80 or a secondary 
cache accessible via the system bus 80. 

[0049] In one embodiment, the allocations of the partitions 
of the cache memory 40 are static. In this embodiment, the 
bit masks for threads A and B are hardWired. 

[0050] In another embodiment, the allocations of the par 
titions of the cache memory 40 are dynamic. For example, 
the partition mask registers 68 may be Writeable by the 
execution core of the multi-threaded processor 50. The 
multi-threaded processor 50 may provide certain privileged 
instructions for Writing bit masks into the partition mask 
registers 68. 

[0051] The multi-threaded processor 50 may allocate 
more partitions to a particular thread in order to increase the 
throughput performance of that particular thread. In addi 
tion, the multi-threaded processor 50 may allocate more 
partitions to a particular thread in order to balance perfor 
mance if that particular thread has a loW performance. 

[0052] FIG. 4a shoWs another allocation of Ways 1-4 of 
the cache memory 40 to a set of threads A and B of a 
multi-threaded processor. In this type of partitioning, the 
allocation of Ways 1-4 of the cache memory 40 is de?ned by 
a set of allocation threshold values 100. In this example, the 
thread A has an allocation threshold value equal to 3 Which 
indicates that any 3 and at most 3 of the Ways in any roW 1-x 
may be used by thread A. Similarly, the thread B has an 
allocation threshold value equal to 3 Which indicates that 
any 3 and at most 3 of the Ways of any roW 1-x may be used 
by thread B. 

[0053] With this example allocation, consider an access to 
a data line that originates With thread A that causes a cache 
miss. If the particular roW 1-x of the cache memory 40 
already holds 3 data lines for thread A, then a replacement 
line is selected from one of those 3 Ways already used by 
thread A according to a replacement algorithm such as least 
recently used. If the particular roW 1-x holds feWer than 3 
data lines for thread A, then a replacement algorithm, such 
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as least recently used, is run to select from among all of the 
Ways 1-4 of the particular roW 1-x to hold a replacement line. 

[0054] Similarly, an access to a data line that originates 
With thread B and that causes a cache miss causes a 
replacement line to be selected from one of the Ways of the 
cache memory 40 already allocated to thread B if the 
particular roW 1-x already holds 3 data lines for thread B, i.e. 
thread B is at its threshold. If the particular roW 1-x holds 
feWer than 3 data lines for thread B, then a replacement 
algorithm selects one of the Ways 1-4 of the particular roW 
1-x to hold a replacement line. 

[0055] FIG. 4b shoWs an example allocation of Ways 1-4 
of the cache memory 40 to a set of threads A-D of a 
multi-threaded processor as de?ned by the allocation thresh 
olds 100. In this example, the thread A has an allocation 
threshold equal to 2 Which indicates that any 2 and at most 
2 of the Ways of the cache memory 40 may be used by thread 
A. Similarly, the threads B-D have allocation thresholds 
equal to 2. 

[0056] FIG. 5 illustrates an arrangement for partitioning 
the cache memory 40 among thread A and thread B of the 
multi-threaded processor 50 for partitioning de?ned by the 
allocation thresholds 100. In this arrangement, the cache 
memory 40 includes the hash circuit 62 and the cache ?ll 
circuit 64, along With an array of storage cells 100, a 
replacement line selector 102, and a set of allocation thresh 
old registers 104, as Well as other information. 

[0057] The array of storage cells 100 is arranged as a set 
of roWs 1-x. Each roW 1-x includes storage cells for each of 
the Ways 1-4. The storage cells for each of the Ways 1-4 
include storage cells for holding a data line, storage cells for 
holding tag bits, storage cells for holding replacement infor 
mation, as Well as storage cells for holding thread identi?er 
information Which is used to identify the thread A or B 
Which for Which the corresponding data line is held. 

[0058] As before, the roW index 74 speci?es a particular 
roW of the storage cells 100 in Which the data line speci?ed 
by the data line address 70 may be stored. The roW index 74 
causes that particular roW of the storage cells 100 to be read 
out. The particular roW selected by the roW index 74 includes 
4 sets of replacement information 98 and 4 sets of thread 
identi?er information 110. The replacement information 98 
includes a set of replacement information for each of the 4 
Ways of the cache memory 40. The thread identi?er infor 
mation 110 includes a set of thread identi?er information for 
each of the 4 Ways of the cache memory 40. 

[0059] If a cache miss on the data line address 70 occurs, 
then the replacement selector 102 selects a data line in the 
particular roW of the storage cells 100 being read out for 
replacement. As before, the data line to be replaced is 
indicated on the signal line 82. In this arrangement, the 
replacement line is selected in response to the sets of 
replacement information 98, the sets of thread identi?er 
information 110, and in response to the indication 72 and a 
threshold value 112. The threshold value 112 is provided by 
the allocation threshold registers 104. 

[0060] The allocation threshold registers 104 store an 
allocation threshold value for each of the threads of the 
multi-threaded processor 50. The allocation threshold reg 
isters 104 provide the appropriate threshold value 112 to the 
replacement line selector 102 in response to the indication 
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72 from the multi-threaded processor 50. The indication 72 
speci?es Whether it is thread A or thread B that is currently 
being executed. If it is thread A that is being executed then 
the allocation threshold value for thread A is provided as the 
threshold value 112. If it is thread B that is being executed 
then the allocation threshold value for thread B is provided 
as the threshold value 112. 

[0061] The replacement line selector 102 uses the thread 
identi?er information 110 to count the number of the Ways 
1-4 of the particular roW being read out that are used by the 
thread identi?ed by the indication 72. For example, if the 
indication 72 identi?es thread A, then the replacement line 
selector 102 counts the number of sets of the thread identi?er 
information 110 that also indicate thread A. If the number of 
sets of the thread identi?er information 110 that indicate 
threadAequals the threshold value 112, then one of the Ways 
of the particular roW being read out Whose set of thread 
identi?er information 110 indicates thread A is selected for 
replacement according to a replacement algorithm. If the 
number of sets of the thread identi?er information 110 that 
indicate thread A is less than the threshold value 112, then 
any one of the Ways of the particular roW being read out is 
selected for replacement according to a replacement algo 
rithm regardless of the thread identi?er information 110. 

[0062] The replacement algorithm implemented in the 
replacement line selector 102 may take any form. Possibili 
ties include LRU algorithms as Well as random replacement 
algorithms. 
[0063] The allocation thresholds 100 may be static as 
When the threshold values for threadsA and B are hardWired. 
The allocation thresholds 100 may be dynamic. For 
example, the allocation threshold registers 104 may be 
Writeable by the execution core of the multi-threaded pro 
cessor 50. The multi-threaded processor 50 may provide 
certain privileged instructions for Writing values into the 
allocation threshold registers 104. 

[0064] FIG. 6a shoWs an example allocation of partitions 
of a cache memory 140 to a set of threads A and B of a 
multi-threaded processor. The cache memory 140 is an 
n-Way cache having a set of roWs 1-x. In this example, the 
partitioning of the cache memory 140 is based on subsets of 
the roWs 1-x. RoWs 1-m of the cache memory 140 provide 
a partition that is allocated to the thread A. RoWs m+1 
through x of the cache memory 140 provide another parti 
tion Which is allocated to the thread B. In this example, an 
equal number of the roWs 1-x are allocated to each of the 
threads A and B. 

[0065] FIG. 6b shoWs another example allocation of par 
titions of the cache memory 140 to the threads A and B of 
a multi-threaded processor. In this example, the majority of 
the roWs 1-x are allocated to the thread B. RoWs 1-n of the 
cache memory 140 are allocated to the thread A. RoWs n+1 
through x of the cache memory 140 are allocated to the 
thread B. 

[0066] FIG. 7 illustrates an arrangement for partitioning 
the cache memory 140 among thread A and thread B of the 
multi-threaded processor 50 for partitioning based on sub 
sets of the roWs 1-x of the cache memory 140. The cache 
memory 140 includes a mapper 142 and a cache ?ll circuit 
144, along With an array of storage cells 150 and a replace 
ment line selector 146. The storage cells 150 are arranged 
into roWs 1-x each of Which includes n Ways. 
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[0067] The mapper 142 implements a hashing algorithm 
for converting a data line address 162 from the interface 
circuit 56 into a roW index 164. The roW index 164 speci?es 
a particular roW of the storage cells 150 in Which a data line 
speci?ed by the data line address 162 may be stored. 

[0068] The mapper 142 performs the hashing algorithm 
only on a subset of the roWs 1-x of the storage cells 150 
Which are allocated to the particular thread being executed 
by the multi-threaded processor 50. An indication 161 from 
the interface circuit 56 speci?es Whether it is thread A or 
thread B that is currently being executed. For the example 
allocation shoWn in FIG. 6b, if the indication 161 speci?es 
thread Athen the mapper 142 limits the roW index 164 to the 
range 1-n. If the indication 161 speci?es thread B then the 
mapper 142 limits the roW index 164 to the range n+1 
through x. 

[0069] The roW index 164 causes a particular roW of the 
storage cells 150 to be read out. The particular roW selected 
by the roW index 150 includes n sets of replacement infor 
mation 170. The replacement line selector 146 performs a 
replacement algorithm to select a particular data line in one 
of the Ways 1-n in the roW being read out in response to the 
replacement information 170. The replacement line selector 
146 uses the signal lines 168 to indicate the data line in the 
storage cells 150 that is to be replaced. The cache ?ll circuit 
144 records this information and Writes the missing data line 
into the storage cells 150 via the signal lines 166 once the 
missing data line is obtained via the system bus 80. 

[0070] The foregoing detailed description of the present 
invention is provided for the purposes of illustration and is 
not intended to be exhaustive or to limit the invention to the 
precise embodiment disclosed. Accordingly, the scope of the 
present invention is de?ned by the appended claims. 

What is claimed is: 
1. A method for managing a cache memory for a multi 

threaded processor, comprising the steps of: 

performing a cache lookup operation to the cache memory 
in response to an access to a data line by the multi 
threaded processor; 

if a cache miss occurs, then selecting a replacement line 
in a partition of the cache memory Which is allocated to 
a particular thread of a set of threads of the multi 
threaded processor from Which the access originated. 

2. The method of claim 1, further comprising the step of 
obtaining the data line and storing the data line into the 
replacement line selected in the partition. 

3. The method of claim 1, further comprising the step of 
partitioning the cache memory among the threads of the 
multi-threaded processor. 

4. The method of claim 3, Wherein the partitioning of the 
cache memory is static. 

5. The method of claim 3, Wherein the partitioning of the 
cache memory is dynamic. 

6. The method of claim 3, Wherein the step of partitioning 
the cache memory includes the step of allocating a subset of 
a set of Ways of the cache memory to each of the threads. 

7. The method of claim 6, Wherein the step of selecting a 
replacement line in a partition of the cache memory Which 
is allocated to the particular thread includes the step of 

Aug. 16, 2001 

selecting the replacement line in one of the subsets of the 
Ways Which is allocated to the particular thread. 

8. The method of claim 3, Wherein the step of partitioning 
the cache memory includes the step of specifying a threshold 
value for each thread Wherein each threshold value indicates 
a maximum number of a set of Ways of the cache memory 
Which may be used by the corresponding thread. 

9. The method of claim 8, Wherein the step of selecting a 
replacement line in a partition of the cache memory Which 
is allocated to the particular thread includes the steps of: 

determining a number of the Ways Which are used by the 
particular thread; 

if the number of the Ways Which are used by the particular 
thread equals the threshold value for the particular 
thread, then selecting the replacement line from one of 
the Ways Which is used by the particular thread; 

if the number of the Ways Which are used by the particular 
thread is less than the threshold value for the particular 
thread, then selecting the replacement line from all of 
the Ways of the cache memory. 

10. The method of claim 3, Wherein the step of partition 
ing the cache memory includes the step of allocating a subset 
of a set of roWs of the cache memory to each of the threads. 

11. The method of claim 10, Wherein the step of selecting 
a replacement line in a partition of the cache memory Which 
is allocated to the particular thread includes the step of 
selecting the replacement line in one of the roWs Which is 
allocated to the particular thread. 

12. A computer system, comprising: 

processor that executes a set of threads; 

cache memory Which is partitioned among the threads 
such that a cache miss to a data line Which is associated 
With a particular thread causes a replacement line in the 
cache memory to be selected from a partition of the 
cache memory that is allocated to the particular thread. 

13. The computer system of claim 12, Wherein the cache 
memory is an instruction cache. 

14. The computer system of claim 12, Wherein the cache 
memory is a data cache. 

15. The computer system of claim 12, Wherein the cache 
memory is a combined instruction and data cache. 

16. The computer system of claim 12, Wherein the parti 
tions among the threads is hard-Wired in the cache memory. 

17. The computer system of claim 12, Wherein the cache 
memory is an n-Way cache memory. 

18. The computer system of claim 17, Wherein the cache 
memory includes a set of partition mask registers Which 
specify an allocation of the n-Ways among the threads. 

19. The computer system of claim 18, Wherein the parti 
tion mask registers are Written by the processor to dynami 
cally partition the cache memory. 

20. The computer system of claim 17, Wherein the cache 
memory includes a set of allocation threshold registers 
Which specify a maximum number of the n-Ways of the 
cache memory that may be used by each thread. 

21. The computer system of claim 12, Wherein the cache 
memory includes a mapper that allocates a subset a set of 
roWs of the cache memory to each thread. 

* * * * * 


