METHOD AND APPARATUS FOR SETTI NG CACHE POLICIES IN A
PROCESSOR BACKGROUND Fi el d of the Invention [0001] The
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operations in a processor, and particularly relates to
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memory location is replicated in a local cache. Particularly, the address associated

with the memory access is compared to all tags in a cache. If the desired memory is
located in the cache, a cache hit occurs. Otherwise, a cache miss occurs.

[0003] When a cache hit occurs, the processor immediately reads or writes the
information such as data or instructions in the identified cache line. In the event of a
cache miss, the desired information is retrieved from a higher-level cache or main
memory. Also, a new entry is conventionally allocated in the cache to store the newly
retrieved information. The new entry comprises a tag identifying the address that
caused the cache miss and a copy of the information retrieved from main memory.
[0004] To accommodate a new cache entry, an existing entry is evicted from the
cache. The heuristic used to choose the entry to evict from a cache is based on a
replacement policy such as least recently used or first-in, first-out. Other cache policies
(also referred to as cache attributes) are also utilized to determine how a cache is
accessed, used and maintained. Other cache policies include write policies, allocation

policies, cache level policies, and customized policies.
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[0007] Cache policies are conventionally stored in a page table. The page table is
maintained in main memory with frequently accessed or most recently used entries
being stored locally to a processor, e.g., in a Translation Lookaside Buffer (TLB). Each
page table entry maps a virtual address to a corresponding physical address.
Particularly, a page table stores a list of virtual page numbers and corresponding
physical page numbers. The virtual page numbers identify respective blocks of virtual
memory allocated to processes running on a processor while the physical page
numbers identify the corresponding blocks of physical memory containing the actual
information used by the processes.
[0008] When a processor accesses a particular memory location, page table
entries are searched using the virtual page number portion of the virtual address

provided as part of the access. The physical page number is retrieved from the
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utilization for  guyMARY OF THE DISCLOSURE
[0010] According to the methods and apparatus taught herein, processor caching
policies are determined using cache policy information associated with a target memory
device accessed during a particular memory operation. Thus, caching operations may
be tailored to particular memory device settings instead of general cache policy
settings. Processor performance is improved by determining cache policies for a
current memory operation based on cache policy information associated with the target
memory device accessed during the memory operation.
[0011] According to one embodiment of a processor, the processor comprises at
least one cache and a memory management unit. The at least one cache is configured
to store information local to the processor. The memory management unit is

configured to set one or more cache policies for the at least one cache. The memory

management unit sets the one or more cache policies based on cache policy
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BRIEF DESCRIPTION OF DRAWINGS
[0014] Figure 1 is a block diagram illustrating an embodiment of a system including
a processor having circuitry for determining cache policies.
[0015] Figure 2 is a block diagram illustrating an embodiment of an address
decoder circuit for providing cache policy information associated with a memory device.
[0016] Figure 3 is a block diagram illustrating another embodiment of a system
including a processor having circuitry for determining cache policies.
[0017] Figure 4 is a block diagram illustrating an embodiment of circuitry for
determining cache policies in a processor.
[0018] Figure 5 is a logic flow diagram illustrating an embodiment of program logic
for determining cache policies in a processor.
[0019] Figure 6 is a diagram illustrating how the circuitry of Figure 4 determines

caching policies responsive to an exemplary write operation.
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illustrating an enbodi mrent of an address decoder
circuit for providing cache policy information
associated with a nenory device. [0016] Figure 3 is a
bl ock diagramillustrating another enbodi ment of a
system i ncluding a processor having circuitry for
determ ni ng cache policies. [0017] Figure 4 is a block
diagramillustrating an enbodi nent of circuitry for
determi ning cache policies in a processor. [0018]
Figure 5 is alogic flow diagramillustrating an
enbodi nent of program |l ogic for determ ning cache
policies in a processor. [0019] Figure 6 is a diagram
illustrating howthe circuitry of Figure 4 determ nes
caching policies responsive to an exenplary wite
operation.[0020] Figure 7 is a diagramillustrating
how the circuitry of Figure 4 determ nes caching
policies responsive to an exenplary read
oper ati on. DETAI LED DESCRI PTI ON [0021] Figure 1
illustrates an enbodi nent of a system 10 including a
bus 12 coupling a processor 14 to one or nore
peri pheral devices 16 and nmai n nenory such
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peripherals 16 and main memory 18, 20, 22.

[0022] Main memory 18, 20, 22 is represented as virtual memory to processes
running on the processor 14. That is, pages of physical memory are allocated as
virtual memory for use by processes during program execution. A page table 34 is
maintained in main memory 18, 20, 22, e.g., as shown in Figure 1, for enabling
mapping between virtual and physical address spaces. A Memory Management Unit
(MMU) 36 included in the processor 14 accesses the page table 34 and handles
memory accesses issued by the processor 14, including virtual memory management,
memory protection, cache control, and bus arbitration. As part of virtual memory
management, the MMU 36 maintains frequently or recently referenced page table
entries (PTEs) local to the processor 14, e.g., in a Translation Lookaside Buffer (TLB)
38.

[0023] When the processor 14 accesses a desired memory location identified by a

virtual address, the MMU 36 accesses the TLB 38 to determine whether the TLB 38



38. [0023] When the processor 14 accesses a desired
menory |l ocation identified by a virtual address, the
wWORM0sABR0arcesses the TLB 38 to determ ne whet heCT/Uk208/051953
TLB 38contains a matching entry.” If so, the virtua
address is translated into a physical address using
address translation information stored in the natching
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iosth LS uds edm bod |mencta%|sclogeéh %ln, the target memory device may comprise
any addressable memory module, device or bank included in the system. For example,
a target memory device may be one of the SDRAMs 20, SGRAMs 22 or other memory
device (not shown) depending on the particular process being executed by the
processor 14.

[0025] In response to an external memory access, cache policy information
associated with the corresponding target memory device is provided to a cache policy
setting circuit 40 included in or associated with the MMU 36. The cache policy setting
circuit 40 determines the cache policy settings for the current memory operation based
on the cache policy information associated with the corresponding target memory
device. This way, when the processor 14 accesses a particular external memory
location, cache policies are tailored to the corresponding target memory device
containing the desired memory location.

[0026] For example, if a memory operation is directed to one of the SGRAM

devices 22, the cache allocation policy associated with the target SGRAM device may
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identifies the memory device containing the memory location which is the target of the
current memory operation.
[0028] Figure 2 illustrates one embodiment of the address decoder circuit 44.
According to this embodiment, the decoder circuit 44 includes an address decoder 46,
a multiplexer 48 and a table 50 having various entries 52 associated with respective
memory devices 20, 22 supported by the memory controller 42. Each table entry 52
contains cache policy information associated with a corresponding memory device.
[0029] When the processor 14 accesses external memory, the physical address
included as part of the access identifies one of the memory devices 20, 22 supported
by the memory controller 42. The address decoder 46 decodes the physical address,

causing the multiplexer 48 to select the entry 52 containing the cache policy

information associated with the target memory device identified by the physical
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target of the current menory opetation. [0028] Figure

2 illustrates one enbodi nent of the address decoder

circuit 44. According to this enbodi ment, the decoder
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provided to the controller 42 and forwarded to the processor 14 as previously

described. Alternatively, the cache policy information is provided to the processor 14
without solicitation, e.g., automatically during system boot or upon reset of the
processor 14. Further, the processor 14 may store the tailored cache policy
information upon receipt, thus obviating the need to request the same information when
the corresponding target memory device is subsequently accessed. Instead, the
processor 14 internally retrieves and uses the tailored cache policy information.
Regardless, the cache policy setting circuit 40 uses target memory device cache policy
information to set cache policies during memory operations.

[0031] Figure 4 illustrates an embodiment of the cache policy setting circuit 40
included in or associated with the MMU 36. According to this embodiment, the cache
policy setting circuit 40 includes selection circuitry 56 for setting cache policies directed

to a current memory operation. In more detail, a page table entry (PTE) 58 matching



on virtual addresses or physical addresses, e.g., as
previ ously described and in accordance with Figure 2.
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store their cache policy information, e.g., in a
device ID register or other register (not shown). Wen
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from the matching PTE 58 and the target memory device's cache policy information
stored in buffer 62, e.g., as illustrated by Step 102 of Figure 5. The cache policy
information 64 retrieved from the matching PTE 58 is overwritten with the target
device's information and used as the current cache policy settings. However, if no
cache policy information is provided for the target memory device, the cache policy
information 64 retrieved from the matching PTE 58 is used instead.
[0034] A purely illustrative example of how the cache policy setting circuit 40
determines caching policies is illustrated in Figure 6. The processor core 24 issues a
memory write request to virtual address X. The MMU 36 retrieves the matching PTE
from either the TLB 38 or page table 34 and uses it to convert virtual address X to a

corresponding physical address X’. The MMU 36 then probes one or more of the

physically-tagged caches 26, 28, 30 using physical address X'. In this example, none



PTE 58 where the physical address identifies the
desired nenory location. [0032] If the desired nenory
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The MMJ 36 retrieves the matching PTE fromeither the
micmagoror Ingdhig @xambleethgLaghel pelise énformation dnsivates “allogataien read
address X to a

only.” Thus, the write operation completes in the processor 14 and the MMU 36 does

not allocate a cache line in one of the processor caches 26, 28, 30.

[0036] Figure 7 continues the exemplary illustration by showing a subsequent read
request issued by the processor core 24 to the same virtual address X. Recall, the
target memory device’s cache policy information indicates “allocate on read only” for
the memory location identified by physical address X'. Therefore, no cache lines were
previously allocated for physical address X’. As such, a cache miss occurs during the
present read operation.

[0037] Further, when the target memory device completes the read operation, the
read operation is not complete in the processor 14 because the target device’s cache
policy information indicates that a cache line should be allocated. Thus, the cache
policy setting circuit 40 sets the current cache allocation policy such that the MMU 36
instructs one of the processor caches 26, 28, 30 to allocate a cache line for the

physical address X'. Additionally, a cache level policy associated with the target



correspondi ng physical address X . The MMJ 36 then

probes one or nore of the physically-tagged caches 26,
wQ@3088®08xi ng physical address X . In this exaPgl/E$2008/051953

noneof the caches 26, 28, 30 codfains the desired

menory | ocation as indicated by a cache m ss.

Accordingly, the MWJ 36 issues an external nenory
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neg circuit Sic LAV, | ded t he target nenor
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t he cache pollcy informati on indicates "allocate on
read only." Thus, the wite operation conpletes in the
processor 14 and the MMJ 36 does not allocate a cache
line in one of the processor caches 26, 28, 30. [0036]
Figure 7 continues the exenplary illustration by
showi ng a subsequent read request issued by the
processor core 24 to the sane virtual address X
Recall, the target nenory device's cache policy
information indicates "allocate on read only" for the
menory | ocation identified by physical address X .
Therefore, no cache lines were previously allocated
for physical address X . As such, a cache m ss occurs
during the



present read operation. [0037] Further, when the
target nmenory device conpletes the read operation, the
WO 2@d/0g082 at i on is not conplete in the processPCT/LZ2008/051953

because the target device's cacfA@ policy information
i ndi cates that a cache |ine should be allocated. Thus,
the cache policy setting circuit 40 sets the current
cache all ocation policy such(ilts&] the MMJ 36 instructs
one of the processor caches , , 30 to allocate a
@ﬁFEF(LQHe for the physical address X . Additionally,

e @hé I Sgléﬁ' policy associated with the targetnenory

evi c i ndi cate .which | evel of cache should
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the present invention is not limted by the foregoing

description, nor is it limted by the acconpanying
raw ngs. |l nstea he, present. invention is l.imted
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e %r%rﬁ%g IR P ErdsP cgﬁp?i5|ﬁ¢ recei vi ng
cache policy informati on associated with one or nore
target nmenory devices configured to store infornmation
sed pg a ﬁ&@C?SF?YH a q_sq%tnqg ne..or nnﬁeiCthﬁi
ol 1 ci 4 MEIodPT ST e etehepe e e srthe RRIJforston, o
net hod of claim1, wherein receiving the cache policy
?%P%%ﬁ%tion conprises receiving unsolicited cache

pol i Cgiréc%g%nn%rhgrg'access to one of the target memory devices; and

receiving cache policy information responsive to the memory access.

4, The method of claim 3, wherein receiving cache policy information responsive
to the memory access comprises receiving cache policy information provided by the

target memory device to which the memory access is directed.

5. The method of claim 3, wherein receiving cache policy information responsive
to the memory access comprises receiving cache policy information provided by an

address decoder based on an address associated with the memory access.

6. The method of claim 3, wherein setting the one or more cache policies
comprises:

accessing a page table entry associated with the memory access; and



3. The nethod of claim1, wherein receiving the cache

policy information conprises: directing a nenory
W@ewen0sn one of the target menory devi ces; aPdI/US2008/051953

recei ving cache policy informatilén responsive to the

menory access. 4. The nethod of claim 3, wherein

recei ving cache policy information responsive to the

Menory access conprises, recei.ving cache . polic .
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cache policy informati on associated with one or nore
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9. The processor of claim 7, wherein the memory management unit is configured
to direct a memory access to one of the target memory devices and process cache

policy information received responsive to the memory access.

10. The processor of claim 9, wherein the memory management unit is configured
to process cache policy information provided by the target memory device to which the

memory access is directed.

11. The processor of claim 9, wherein the memory management unit is configured
to process cache policy information provided by an address decoder based on an

address associated with the memory access.

12. The processor of claim 11, wherein the address decoder is included in the

processor.



to process unsolicited cache policy information. 9.
The processor of claim7, wherein the nenory

worerwageaeent unit is configured to direct a menBCHUS2008/051953
access to one of the target nmemdPy devi ces and process
cache policy information received responsive to the
menory access. 10. The processor of claim9, wherein
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in the processor.13. The processor of claim9, wherein
the menory managenent unit is configured to access a
abl.e entr associated wth the nenory access and
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a memory management unit included in the processor and configured to set one
or more cache policies for the at least one cache based on cache policy

information associated with the one or more target memory devices.

15. The system of claim 14, wherein the memory management unit is configured to

process unsolicited cache policy information.

16. The system of claim 14, wherein the memory management unit is configured to
direct a memory access to one of the target memory devices and process cache policy

information received responsive to the memory access.

17. The system of claim 16, wherein the memory management unit is configured to
process cache policy information provided by the target memory device to which the

memory access is directed.



or nore cache policies for the at | east one cache

based on cache policy information associated with the
WOr@809208Dr e target nenory devices. 15. The syRCEOS29D8/051953

claim 14, wherein the menory nadfigement unit is

configured to process unsolicited cache policy

information. 16. The system of claim 14, wherein the
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mﬂ;rein the nmenory managenent unit is configured to
FOcess cache policy information provided by the

target nmenory device to which the nmenory access is
directed. 18. The system of claim 16, further
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associ ated with the nenory access. 19. The system of
R°5Fi°18, wherein the address decoder is inciuded in
the processor. 20. The system of claim 16, wherein the
menory managenent unit is configured to access a page
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one or more cache policies indicated by the page table entry with the cache policy

information received responsive to the memory access.



