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bodiment, the apparatus includes a cache memory coupled to a processor. The
apparatus additionally includes a tag storage structure that is coupled to the
cache memory. The tag storage structure can store a tag associated with a loca-
tion in the cache memory. The apparatus additionally includes a cache of cache
tags coupled to the processor. The cache of cache tags can store a smaller sub-
set of the tags stored in the tag storage structure.
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HIERARCHICAL CACHE TAG ARCHITECTURE

FIELD OF THE INVENTION

[0001] The invention relates to cache tag storage. More specifically, the invention relates
to creating a hierarchical architecture of tag storage for multiple cache tag storages.

GLOSSARY OF TERMS

[0002] The following is a brief glossary of terms used herein. The supplied definitions are
applicable throughout the specification and the claims, unless the term is clearly used in
another manner.

[0003] Tag Storage Structure: A storage structure that stores the tag and other related

information (ex. state information, LRU information, ECC information) for every entry in a
cache memory.

[0004] Cache of Cache Tags: A cache to store a subset tags stored in the tag storage

structure.

[0005] Index: The portion of the address in a memory request that points to a specific set of
tags in a tag storage structure.

[0006] Tag: The portion of the address in a memory request that points to a specific
memory address location that is unique for the particular index portion.

BACKGROUND OF THE INVENTION

[0007] Processors of all kinds have become more dependent on caches due to the relatively
slow speed of memory in relation to the speed of a processor core. Numerous cache
architectures have been utilized for decades. One common cache architecture is a set
associative cache. Cache architectures have memory storage that stores data from system
memory locations as well as a tag storage structure that stores sets of tags.

[0008] In standard cache hierarchy architecture, the closer to the processor core(s) a cache
is located, generally, the smaller and faster the cache becomes. The smallest and fastest
cache(s) generally reside on the processor core Silicon die. On the other hand, the largest
cache (LLC or last level cache) or caches sometimes reside off-die from the processor
core(s). Accessing data that resides in an off-die cache as opposed to an on-die cache
generally creates additional latency since it takes longer for the data to be transmitted to the
processor core(s).

[0009] Each cache has a tag storage structure. If the processor needs data from a certain

memory location, it can determine if the data is stored in a given cache by doing a
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comparison of the memory location address and the tag storage structure for the cache. If the
tag storage structure is off-die, the latency to do a tag lookup will be greater than if the tag
storage structure is on-die. Thus, on-die tag storage structures increase the cost of the
processor die because they take up valuable space, but they help speed up execution by
reducing the latencies of tag lookups versus off-die caches.
[0010] In many embodiments, a cache stores data by the cache line (e.g. 64 bytes). In other
embodiments, a cache stores data by some other measurable unit. In an example
embodiment where the cache stores data by the cache line, the tag storage structure signifies
the particular memory locations represented by cache lines stored within the cache.
Additionally, the tag storage structure also stores state information to identify whether the
stored cache line has been modified, is invalid, etc. One example of state information is
MESI (modified, exclusive, shared, or invalid) information utilized by many caches. The tag
storage structure also stores cache replacement policy information to assist with the
determination of which cache line to evict in case replacement of an existing cache line is
required. LRU (least recently used) bits is a common technique that is employed and requires
information on the relative age of the cache line (versus other stored cache lines) be kept,
though other replacement policy techniques exist and could be utilized. The tag storage
structure also may store error correction information (ECC) for each set of tags, though ECC
information is not required. The LRU information and the ECC information only need to be
stored per set, whereas the tag information and the state information need to be stored per tag
(i.e. per way).
[0011] For example, a 256 Megabyte (MB) 4-way set associative cache with 64 Byte cache
lines in a 40-bit address space can require 9.5MB of tag storage space:

(14b tag + 2b state) X 4M tags + (8b ECC + 4b LRU)/set X IM ways = 9.5MB
[0012] If this tag storage structure is located on the processor die, the 9.5M amount of
storage space could add significant burden to the cost of manufacturing the processor. 9.5M
of information stored in gates takes up a substantial amount of space on a processor’s Silicon
die. To reduce the cost burden on the processor die and still allow the determination of cache
and misses, partial tag storage structures have been introduced and are used occasionally.
Partial tags only store a portion of the tag information (e.g. 8 bits instead of all 14 bits of the
tag) to save die space. Such architectures are optimized for quick determination of a cache-
miss. But, to determine a cache-hit, the full tag from main memory would still need to be
accessed. Thus, if there is a cache miss with a partial-tag look up, it is known that the data
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should be retrieved from system memory; however, in case of a cache hit one still needs to
access the actual tag from the tag storage structure that stores information on all tags.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention is illustrated by way of example and is not limited by the
accompanying drawings, in which like references indicate similar elements, and in which:
[0014] Figure 1 describes one embodiment of an apparatus to implement a cache of cache
tags.

[0015] Figure 2 describes one embodiment of the tag address structure as well as the cache
of cache tags set structure and an individual tag address entry in the cache of cache tags in a
N-way set associative configuration.

[0016] Figure 3 is a flow diagram of one embodiment of a process to utilize a cache of
cache tags to store a subset of the set of tags associated with a cache memory.

[0017] Figure 4 describes a flow diagram of one embodiment of a process to utilize a
cache of cache tags.

DETAILED DESCRIPTION OF THE INVENTION

[0018] Embodiments of an apparatus, system, and method to implement a cache of cache
tags are described. In the following description, numerous specific details are set forth.
However, it is understood that embodiments may be practiced without these specific details.
In other instances, well-known elements, specifications, and protocols have not been
discussed in detail in order to avoid obscuring the present invention.
[0019] Figure 1 describes one embodiment of an apparatus and system to implement a
cache of cache tags. One or more processor cores 104 reside on a microprocessor Silicon die
102 (Die 1) in many embodiments. In other multiprocessor embodiments, there can be
multiple processor dies coupled together, each including one or more cores per die (the
architecture for processor cores on multiple dies is not shown in Figure 1). Returning to
Figure 1, the processor core(s) are coupled to an interconnect 100. In different embodiments,
the processor core(s) 104 may be any type of central processing unit (CPU) designed for use
in any form of personal computer, handheld device, server, workstation, or other computing
device available today. The single interconnect 100 is shown for ease of explanation so as to
not obscure the invention. In practice, this single interconnect may be comprised of multiple
interconnects coupling different individual devices together. Additionally, in many
embodiments, more devices may be coupled to the interconnect that are not shown (e.g. a
chipset).
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[0020] The processor core(s) 104 are coupled, through the interconnect 100, to one or more
on-die caches 106 physically located on the same die as the processor core(s) 104.
[0021] In many embodiments, a cache has a tag storage structure 114 associated with it that
stores tags for all cache memory locations. In many embodiments, the tag storage structure
114 resides on a separate Silicon die (Die 2) 112 from the processor core(s) 104. In many
embodiments, the tag storage structure 114 is coupled to one or more off-die (non-processor
die) cache(s) 116 through the interconnect 100 and is located on the same die as the off-die
cache(s) 116.
[0022] A cache of cache tags 108 stores a subset of the off-die cache tags on the processor
die 102. Specifically, while the tag storage structure 114 stores all index values and
associated tag sets per index value, the cache of cache tags 108, on the other hand, does not
store all possible index values. Rather, to save on storage space, the cache of cache tags 108
stores a subset of the tags that is stored in the tag storage structure 114. In most
embodiments, not all index locations are represented at any given time in the cache of cache
tags 108.
[0023] In some embodiments, for each matched tag between a tag stored in the cache of
cache tags 108 and the tag storage structure 114, information from all ways of a set is needed.
In other embodiments, the cache of cache tags 108 stores the tags of less than all ways. In
one embodiment, the storage requirements of a set are 9.5 Bytes, which includes tag
information, state information, eviction/cache replacement policy information (LRU), and
ECC information (if ECC is used). The specific details regarding the tag, state, LRU
information, and ECC components are discussed in greater detail in the background section.
In some embodiments, the cache of cache tags utilizes a replacement policy that is different
than the LRU policy. Specifically, the following information would be stored in a cache of
cache tags set:

(14-bit tag + 2-bit state) X 4 ways + 4-bit LRU + 8-bit ECC = 9.5 Bytes
To store 2K (2*11) sets in the cache of cache tags, the storage requirement would then be
19K (2K *9.5B). The specifics of the entries in the cache of cache tags is discussed in
reference to Figure 2 below. Thus, an embodiment of a cache of cache tags can reside on the
processor die to perform lookups of the most recently used tags and the burden to the die is
19K. A 19K storage size cost on-die is a much smaller storage burden than the 9.5M size of

a full tag storage structure.
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[0024] In many embodiments, the cache of cache tags 108 is itself an N-way set associative
cache. Additionally, in many embodiments, the cache of cache tags 108 stores the most
recent accessed tags. The cache of cache tags 108 is coupled to the interconnect 100. In
some embodiments, a controller 110 controlling the access to the cache of cache tags 108
determines when a memory request matches a tag that is currently located within the cache of
cache tags 108 and reports this back to the processor. In different embodiments, the memory
request may originate from one of a number of devices in the system, such as one of the
processor cores or a bus master I/0O device among other possible memory request originators.
[0025] Each memory request (i.e. memory access) includes an address to a specific location
within system memory. The tag storage structure 114 includes all tag sets associated with
specific locations in the off-die cache memory 116.

[0026] Thus, when a memory request is received by the controller 110, the controller 110
parses out the index and tag fields in the memory request address and then checks to see if the
index of the tag associated with the specific memory location is stored within the cache-of-
cache tags 108. If the original index is stored, then the controller 110 next checks if the
original tag associated with the memory location is stored within the cache of cache tags 108
in one of the ways at the original index location.

[0027] If the original tag is located in entry associated with 108 the original index
location, then the result is that the memory request is a cache of cache tags 108 tag hit (i.e.
cache hit). If the original tag is not stored at the index location in the tag storage structure
114, then the result is that the memory request is a cache of cache tags 108 tag miss. This
also is a cache miss if the tags from all ways of a set are cached.

[0028] On the other hand, if the controller 110 does not find the original index stored in the
cache of cache tags 108 on initial lookup, the result is that the memory request is a cache of
cache tags 108 index miss. In this case, the controller 110 must fetch and then insert the
original index value from the memory request into the cache of cache tags 108 by replacing
an index currently stored in the cache of cache tags 108. In some embodiments, where CoCT
is itself an associative cache, the replacement policy is a least recently used policy where the
least recently used index value is replaced. In other embodiments, other standard
replacement policy schemes may be utilized to replace the index value in the cache of cache
tags 108.

[0029] Once the new index value has been inserted into the cache of cache tags 108, then
the controller 110 would need to determine if the specific tag associated with the memory
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request is currently stored in the tag storage structure 114 at the index location. If so, then the
result is a tag hit in the tag storage structure 114 and the controller 110 needs to input tag
information into the cache of cache tags 108 at the new index position for all ways stored in
the tag storage structure 114 at the index position.

[0030] Otherwise, the result is a tag miss in the tag storage structure 114 and the controller
110 needs to initiate the replacement of the least recently used tag (in one of the ways at the
index location in the tag storage structure 114) with the tag associated with the memory
request. This replacement inputs the data located at the address of the memory request from
system memory into the cache memory and inputs the original tag from the memory request
into the tag storage structure 114. Once the tag is input into the tag storage structure from
system memory, then, in some embodiments, the controller 110 can initiate the replacement
of all ways in the cache of cache tags 108 (at the index value) with the tags from each way at
the index value that are currently stored in the tag storage structure 114. In other
embodiments, the replacement replaces less than all ways in the cache of cache tags 108.
[0031] In some embodiments, the off-die memory access size is not the same as the cache
of cache tag entry size. If the off-die memory access size is smaller than the cache of cache
tag entry size, the controller may send multiple requests to fetch the data. On the other hand,
if the off-die memory access size is larger than the cache of cache tag entry size, the
controller 110 may have additional data it does not need. In this case, the controller 110 may
discard the excess data in some embodiments.

[0032] In other embodiments, the controller 110 may have a small associated memory (not
pictured) that would allow the controller 110 to intelligently prefetch portions of the excess
data and store it within the associated memory for potential future use. For example, if the
original cache tag size is 4-bytes, and the original cache tag associativity is 8 ways, the entry
in the cache of cache tags 108 would need to be 32-bytes in size to store all associated ways
(4-bytes X 8 ways = 32-byte tag set entry). Now, assume that the fetch command to get
information from the tag storage structure 114 receives 64-bytes at a time. In this example,
the controller 110 would fetch the 32-bytes required to store an entire cache of cache tags set
entry as well as an additional 32-bytes of adjacent data. In the embodiments that utilize a
small associated memory, the adjacent 32-bytes of data that were fetched may be stored in a
small associated memory on or near the controller 110 to act as a small prefetch buffer.
Because, in some cases, many subsequent accesses are to adjacent memory locations, it is
probable that the adjacent 32-bytes will be requested on the next transaction or in the near
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future. Thus, the small adjacent memory would allow for intelligent prefetching of tag sets
for future cache of cache tags 108 operations.

[0033] Furthermore, the small associated memory also may be utilized as a victim cache.
In a victim cache embodiment, the small associated memory may store the most recently
evicted tags in the cache of cache tags 108 in case one or more of these tags are subsequently
accessed again.

[0034] Additionally, the controller 110 may combine multiple requests to fetch cache of
cache tags 108 entry data into one request. For example, multiple cache of cache tags 108
index fetches can be combined into one fetch.

[0035] In some alternative embodiments, a partial tag cache 118 is utilized in addition to
the cache of cache tags 108. The partial tag cache 118, as described above in the background
section, does not store all tag bits and, thus, can only determine a cache miss with certainty,
not a cache hit. Cache-of-cache tags, on the other hand can only determine a cache-hit with
certainty and not a cache-miss. In the aforementioned alternative embodiments that utilize a
partial tag cache 118 as well as the cache of cache tags 108, the partial tag cache 118 may be
utilized to make a quick determination of cache misses and the cache of cache tags 108 may
be utilized to make a quick determination of page hits. In these embodiments, the controller
110 may simultaneously initiate a lookup in the partial tag cache 118 and in the cache of
cache tags 108. In the event the partial tag cache 118 determined a page miss, the
information from the cache of cache tags would be discarded. However, in the event of a
page hit, the required tag potentially could be found on-die in the cache of cache tags 108 and
saving an off-die access latency penalty.

[0036] In some embodiments, the cache memory is a sectored cache. In sectored cache
embodiments, the overall tag storage requirements in the tag storage structure 114 are
lessened because each tag is shared by multiple cache entries (e.g. cache sub-blocks).

[0037] In these sectored cache embodiments, the storage requirements for state information
is increased because, for each tag, there must be state information for each potential entry
associated with the tag (state information is discussed in the background section as well as in
the discussion related to Figure 2). For example, if a tag is 14 bits, in a non-sectored cache,
2-bits of state information would be included per sector. In an 8-way sectored cache, there
are 8 cache entries associated with each tag, thus, there would need to be 2-bits X 8 or 16-bits
of state information included per tag. In this example, the state information takes up more
space than the tag information.

-7 -
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[0038] To reduce the state information storage impact in a sectored cache, a set of common
state information patterns would be stored in a sectored state information storage 120. The
sectored state information storage 120 may be coupled to the controller 110 in many
embodiments. In our example, the sectored state information storage 120 would store
multiple patterns of 16-bits. In some embodiments, the multiple patterns would include the
most common patterns and would be predetermined and permanent within the sectored state
information storage 120. In other embodiments, logic within the controller 110 would
dynamically determine the most common patterns of state information utilized and modify
the stored patterns accordingly.
[0039] Certain state information patterns are more common than others. Consider the
common linearity of memory accesses. If a number of memory requests arrived at the
controller 110 and they were all in a linear address pattern, the state information bits would
show a very reliable modification pattern of perhaps all “1°s”.
[0040] Therefore, instead of storing 16-bits of state information for each tag, the controller
could store, for example, a 6-bit pointer to a state information pattern in the sectored state
information storage 120. A 6-bit pointer would allow 64 state information patterns (27°6) to
be stored in the sectored state information storage 120. Thus, if the pattern is common, the
controller could store the 6-bit pointer with the tag instead of the 16-bit state information
pattern, in this example.
[0041] Additionally, as mentioned above, system memory 122 is coupled to the
interconnect 100 beyond the off-die cache(s) 116 in many embodiments. This allows data
from the memory location to be accessed in the event that none of the on-die and off-die
caches are storing the targeted data (and targeted tag).
[0042] Figure 2 describes one embodiment of the tag address structure as well as the cache
of cache tags set structure and an individual tag address entry in the cache of cache tags in a
N-way set associative configuration.
[0043] In many embodiments, a memory access request to a 40-bit address space would
include the following pieces of information in the 40-bit address field: the original tag field,
the original index field, and the offset field. Typically, only the original tag field is stored
within a tag entry 200 stored in the tag storage structure. Using the 40-bit addressing
example with a 64 Byte cache line size in a direct-mapped (1-way associative) cache of
256M, an example of the size of each field in the address might include a 12-bit original tag,
a 22-bit index, and a 6-bit offset. The 22-bit index field is a pointer to a specific indexed
-8-
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location in the tag storage structure.. The 12-bit original tag can be the highest 12 bits of the
actual memory address. The size of the tag is also determined by its associativity and cache
line size. In the example described in the background section, a 256MB 4-way set
associative cache with 64 Byte cache lines will have a 20-bit index field and 4M tags (2720 x
4), where each tag is 14 bits in size.
[0044] Figure 2 also describes an embodiment of a tag set 202. The tag set 202 for a 4-way
set associative cache stores four tags. Each way (Way 0-3) stores a specific tag as well as a
specific amount of state information related to the cache entry associated with the each tag.
State information is specific per tag, thus, there must be state information bits associated with
cach tag. Additionally, the tag set also must include the cache replacement policy
information, such as LRU bits or other LRU-type information, to inform the controller which
of the four tags is due for eviction when a new tag must be stored. Finally, error correction
code (ECC) bits may also are utilized per set to minimize the storage errors of the tag set.
For example, as mentioned above, the storage requirements of a set can be 9.5 Bytes, which
includes the following information:

(14 bit tag + 2 bit state) X 4 ways + 4 bit LRU + 8 bit ECC = 9.5 Bytes
[0045] Figure 2 also describes an embodiment of a tag set entry stored within the cache of
cache tags (CoCT Tag Set Entry 204). Set associative caches are generally popular for many
types of cache configurations. Thus, in many embodiments, the cache is a multi-way set
associative cache. Therefore, an entry in the cache of cache tags must store tag information
for all ways of the cache at the particular index location (Contents/Data of Tag Set 206). In
these embodiments, the index field (Addressing of Tag Set 208) from the original address
(e.g. the 40-bit address configuration as discussed above) points to the location of a set of
tags stored within the cache of cache tags. In some embodiments, the cache of cache tags
structure itself is also stored in a set associative manner. Thus, the original index field is
divided up into a cache of cache tags tag field as well as a cache of cache tags index field to
allow for fetching a set within the cache of cache tags. For example, using a 20-bit original
index field from the 40-bit address, the upper 12 bits of the original index field may be
utilized as the tag field in a set associative cache of cache tags. In this example, the lower 8
bits of the original index field may be utilized as the index field in a cache of cache tags.
[0046] Figure 3 is a flow diagram of one embodiment of a process to utilize a cache of
cache tags to store a subset of the set of tags associated with a cache memory. The process is
performed by processing logic that may comprise hardware (circuitry, dedicated logic, etc.),
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software (such as is run on a general purpose computer system or a dedicated machine), or a
combination of both. Referring to Figure 3, the process begins by processing logic storing a
plurality of tags in a tag storage structure (processing block 300). In many embodiments,
cach tag is associated with a data location stored within a cache memory. The full set of tags
stored within the storage structure account for all data locations in the cache memory. The
cache memory may be any general purpose or special purpose cache on a computer system or
other computer-related device. In many embodiments, the cache memory is located in a
computer system with one or more processor core(s). In many embodiments, the cache
memory is located on a separate Silicon die from the processor core(s). Also, in many
embodiments, the tag storage structure is located on the same Silicon die as the cache
memory.

[0047] Returning to Figure 3, processing logic next stores a subset of the tags stored in the
tag storage structure in a cache of cache tags (processing block 302). In many embodiments,
the cache of cache tags only stores a small portion of the full set of tags stored in the tag
storage structure. For instance, in the example embodiment described above in reference to
the background as well as Figure 1, for a 4-way set associative 256MB cache memory with
64 Byte cache lines, there are 4M (2722) tags stored in the tag storage structure. Whereas,
the cache of cache tags may store a fraction of this, such as, for example 8K (2*13) tags. In
many embodiments, the cache of cache tags stores tags from the tag storage structure in a
most recently used manner where the most recently requested memory locations are the
locations whose tags are stored within the cache of cache tags.

[0048] Whereas, Figure 3 describes the general process for what the cache of cache tags
stores in relation to the tag storage structure, Figure 4 describes a flow diagram of one
embodiment of a process to utilize a cache of cache tags. The process is performed by
processing logic that may comprise hardware (circuitry, dedicated logic, etc.), software (such
as is run on a general purpose computer system or a dedicated machine), or a combination of
both. Referring to Figure 4, the process begins by processing logic receiving a memory
request (processing block 400). The memory request includes the address of a memory
location. In many embodiments, the upper bits of the address correspond to the tag of the
memory location and the middle bits of the address correspond to an index into a tag storage
structure that is associated with a cache memory. The specific details regarding the tag field

and index field are described above in reference to Figure 2.
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[0049] In different embodiments, the memory request may originate from one of a number
of devices in the system, such as one of the processor cores or a bus master I/O device among
other possible memory request originators. The memory request is eventually filtered to a
controller that controls a cache of cache tags (CoCT in Figure 4). Then processing logic
within the controller parses the original index value and the original tag value out of the
address of the memory request (processing block 402).
[0050] Once the original index and original tag within the memory request are known, then
processing logic determines if the original index is currently being stored in the cache of
cache tags (processing block 404). If the original index is not currently being stored in the
cache of cache tags, then there is an index miss in the cache of cache tags and processing
logic may insert the original index into the cache of cache tags (processing block 406). In
many embodiments, the original index is inserted into a location in the cache of cache tags
that is freed up by replacing (evicting) the least recently used stored index value. In some
embodiments, processing logic can fetch the index and then allocate and insert the index. In
other embodiments, processing logic can allocate the space first, and then fetch the index and
insert.
[0051] If the index being evicted has been updated since it was brought into the cache of
cache tags, then this index must be written back to its original storage location.
[0052] If the original index is inserted into the cache of cache tags, processing logic is
aware that the original tag will not be in the cache of cache tags since the only chance it could
have been there was if the original index was already stored in the cache of cache tags. Thus,
processing logic must determine if the original tag is in the tag storage structure (TSS in
Figure 4) (processing block 408). The original tag will be in the tag storage structure only if
the data from the location in memory that the memory request points to is currently stored in
the cache that is referenced by the tag storage structure. If the original tag is in the tag
storage structure, then processing logic fetches and then inserts the original tag into the cache
of cache tags (processing block 410). When the original tag is inserted into the cache of
cache tags, processing logic may copy the tags from all ways at the index value in the tag
storage structure (the tag set), not just the way that stores the original tag itself (processing
block 420). In other embodiments, processing logic may copy less than the tags from all the
ways at the index value in the tag storage structure. Finally, processing logic reads data in
the cache memory associated with the tag to complete the memory request (processing block
422).
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[0053] Otherwise, if the original tag is not in the tag storage structure, processing logic is
now aware that the data pointed to by the address in the memory request is not in the cache at
all, rather, the data is in main system memory. In this case, processing logic must insert the
original tag into the tag storage structure (in the same manner as tags normally are inserted
into the tag storage structure during normal cache operation) and processing logic may also
insert the tag set that includes the original tag into the cache of cache tags (processing block
412). In this example, processing logic must perform additional processing steps to insert the
tag. In some embodiments, this result will cause processing logic to evict an old tag in the
TSS using the current eviction policy to determine which old tag to evict, and replace the old
tag with the original tag to be inserted (processing block 418). Next processing logic, as
mentioned above, may insert the entire set of ways associated with the original index when
inserting tags into the cache of cache tags structure (processing block 420). In other
embodiments, tags associated with less than the entire set of ways at the original index are
inserted into the cache of cache tags structure. Finally, processing logic reads data in the
cache memory associated with the tag to complete the memory request (processing block
422).

[0054] Returning to processing block 404, if the original index is in the cache of cache tags,
then processing logic must determine whether the original tag is in the cache of cache tags
(processing block 414). If the original tag is not stored in the cache of cache tags, then
processing logic continues on to processing block 408 (described above). Alternatively, if
the original tag is stored in the cache of cache tags, then processing logic verifies that there is
a original tag hit in the cache of cache tags (processing block 416). In this embodiment,
processing logic can read data in the cache memory associated with the tag to complete the
memory request (processing block 422) and proceed accordingly. To insert the original index
into cache of cache tags it is possible that an existing index (old index) entry might have to be
replaced. If the data associated with this entry is in modified state, then processing logic also
updates the tag storage structure at the location where the tag storage structure is storing the
tags associated with the replaced index that were modified in the cache of cache tags.

[0055] Thus, embodiments of an apparatus, system, and method to implement a cache of
cache tags are described. These embodiments have been described with reference to specific
exemplary embodiments thereof. It will be evident to persons having the benefit of this
disclosure that various modifications and changes may be made to these embodiments
without departing from the broader spirit and scope of the embodiments described herein.
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The specification and drawings are, accordingly, to be regarded in an illustrative rather than a

restrictive sense.

-13 -



WO 2009/006113 PCT/US2008/068044

CLAIMS
What is claimed is:

1. An apparatus, comprising:

a cache memory coupled to a processor;

a tag storage structure, coupled to the cache memory, the tag storage structure to store
a plurality of tags, wherein each tag is associated with a data location stored within the cache
memory; and

a cache of cache tags, coupled to the processor, the cache of cache tags to store a
subset of one or more of the plurality of tags stored in the tag storage structure.

2. The apparatus of claim 1, wherein the cache of cache tags contains one or
more of the most recently used tags stored in the tag storage structure.

3. The apparatus of claim 1, further comprising a partial tag cache coupled to the
processor, wherein the partial tag cache determines when a memory request results in a cache
miss and the cache of cache tags determines when the memory request results in a cache hit.

4. The apparatus of claim 1, further comprising a controller, coupled to the
processor, the controller to determine the occurrence of a tag match, wherein the tag match
occurs when a original tag associated with a memory request is equal to a stored tag in a
location being checked for the tag match.

5. The apparatus of claim 4, wherein the controller is further operable to

determine an original index from an address in the memory request; and

insert the original index into the cache of cache tags by overwriting an index currently
in the cache of cache tags, when the original index is not already in the cache of cache tags.

6. The apparatus of claim 5, wherein the controller is further operable to

check for the tag match in the cache of cache tags when the original index from the
memory request is located in the cache of cache tags;

check for the tag match in the tag storage structure when the original index from the
memory request is not located in the cache of cache tags; and

retrieve the original tag from a system memory when there is not a tag match in the
cache of cache tags nor a tag match in the tag storage structure.

7. The apparatus of claim 6, wherein the controller is further operable to

insert the original tag into the cache of cache tags when there is not a tag match in the

cache of cache tags; and
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insert the original tag into the tag storage structure when there is not a tag match in
the tag storage structure.

8. The apparatus of claim 4, wherein the apparatus further comprises a sectored
state information storage unit, coupled to the controller, the sectored state information storage
unit to store a plurality of common state information patterns.

9. The apparatus of claim 8, wherein the controller is further operable to store a
pointer to a common state information pattern stored in the sectored state information storage
unit in place of a set of state information bits associated with a tag in the cache of cache tags.

10. A system, comprising:

an interconnect;

a processor, located on a first silicon die, coupled to the interconnect;

a cache memory, located on a second silicon die, coupled to the interconnect;

a tag storage structure, located on the second silicon die, coupled to the interconnect,
the tag storage structure to store a plurality of tags, wherein each tag is associated with a data
location stored within the cache memory; and

a cache of cache tags, located on the first silicon die, coupled to the interconnect, the
cache of cache tags to store a subset of one or more of the plurality of tags stored in the tag
storage structure.

11. The system of claim 10, wherein the system further comprises a partial tag
cache coupled to the processor, wherein the partial tag cache determines when a memory
request results in a cache miss and the cache of cache tags determines when the memory
request results in a cache hit.

12. The system of claim 10, wherein the system further comprises a controller,
coupled to the processor, the controller to determine the occurrence of a tag match, wherein
the tag match occurs when a original tag associated with a memory request is equal to a
stored tag in a location being checked for the tag match.

13. The system of claim 12, wherein the controller is further operable to

determine an original index from an address in the memory request; and

insert the original index into the cache of cache tags by overwriting an index currently
in the cache of cache tags when the original index is not already in the cache of cache tags.

14. The system of claim 13, wherein the controller is further operable to

check for the tag match in the cache of cache tags when the original index from the
memory request is located in the cache of cache tags;
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check for the tag match in the tag storage structure when the original index from the
memory request is not located in the cache of cache tags; and

retrieve the original tag from a system memory when there is not a tag match in the
cache of cache tags nor a tag match in the tag storage structure.

15. The system of claim 14, wherein the controller is further operable to

insert the original tag into the cache of cache tags when there is not a tag match in the
cache of cache tags; and

insert the original tag into the tag storage structure when there is not a tag match in
the tag storage structure.

16. A method, comprising:

storing a plurality of tags in a tag storage structure, wherein each tag is associated
with a data location stored within a cache memory, the cache memory coupled to a processor;
and

storing a subset of one or more of the plurality of tags, but less than all of the plurality
of tags, stored in the tag storage structure in a cache of cache tags.

17. The method of claim 16, further comprising determining the occurrence of a
tag match, wherein the tag match occurs when a original tag associated with a memory
request is equal to a stored tag in a location being checked for the tag match.

18. The method of claim 17, further comprising:

determining an original index from an address in the memory request; and

inserting the original index into the cache of cache tags by overwriting an index
currently in the cache of cache tags when the original index is not already in the cache of
cache tags.

19. The method of claim 18, further comprising:

checking for the tag match in the cache of cache tags when the original index from the
memory request is located in the cache of cache tags;

checking for the tag match in the tag storage structure when the original index from
the memory request is not located in the cache of cache tags; and

retrieving the original tag from a system memory when there is not a tag match in the
cache of cache tags nor a tag match in the tag storage structure.

20. The method of claim 19, further comprising:

inserting the original tag into the cache of cache tags when there is not a tag match in
the cache of cache tags; and
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inserting the original tag into the tag storage structure when there is not a tag match in

the tag storage structure.
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