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CACHE STATE DEFINITIONS 

NAME DESCRIPTION 

INVALID (INV) THIS STATE INDICATE THAT THE CACHE LOCATION DOES NOT 
CONTAIN VALID DATA. 

SHARED (S) THE ADDRESSED LINE IS PRESENT IN THE CACHE, AND IT MAY BE 
ALSO PRESENT IN ANOTHER PROCESSOR’S CACHE. IT CAN NOT BE 
MODIFIED BY ANY PROCESSOR. 

EXCLUSIVE THE ADDRESSED LINE IS PRESENT IN THE CACHE, AND THIS CACHE HAS 
UNMODIFIED (EU) EXCLUSIVE OWNERSHIP OF THE LINE. IT IS NOT PRESENT IN ANY OTHER 

PROCESSOR'S CACHE‘ IT HAS NOT BEEN MODIFIED IN THIS PROCESSOR'S 
CACHE. THIS PROCESSOR MAY SUBSEOUENTLY MODIFY THIS LINE WITHOUT 
FIRST NOTIFYING OTHER BUS MASTERS‘ 

EXCLUSIVE THE LINE IS PRESENT IN THE CACHE, AND IT HAS BEEN MODIFIED WITHI 
MODIFIED (EM) RESPECT TO MAIN MEMORY‘ THE LINE DOES NOT RESIDE IN ANY OTHER 

COHERENT CACHES. 

FIG. 3 
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METHOD AND APPARATUS FOR CACHE 
TRANSACTIONS IN A DATA PROCESSING 

SYSTEM 
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BACKGROUND 

[0006] 1. Field 
[0007] This disclosure relates generally to a cache, and 
more speci?cally, to cache transactions in a data processing 
system. 
[0008] 2. RelatedArt 
[0009] In current data processing systems formed on an 
integrated circuit, it is often dif?cult to alloW real-time debug 
gers to be able to vieW the current value of one or more 
variables in memory that may be hidden from access due to a 
cache or a cache hierarchy. Currently, in real-time debugging, 
if a variable is cached, the debugger has no access to the latest 
value of the variable Without a very intrusive set of operations 
to halt the processor and extract the value from the cache. The 
problem is even more acute if a cache hierarchy exists 
betWeen the processor and the debugger. Also, current meth 
ods may affect the state of the cache, Which is usually detri 
mental in a debugging context. For example, if the state of the 
cache is affected, then certain debug issues may not be 
exposed in the same manner as a result of differences in cache 
state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The present invention is illustrated by Way of 
example and is not limited by the accompanying ?gures, in 
Which like references indicate similar elements. Elements in 
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the ?gures are illustrated for simplicity and clarity and have 
not necessarily been draWn to scale. 
[0011] FIG. 1 illustrates, in block diagram form, a data 
processing system in accordance With one embodiment of the 
present invention. 
[0012] FIG. 2 illustrates, in block diagram form, a portion 
ofprocessor 11 and/or processor 12 of FIG. 1 in accordance 
With one embodiment of the present invention. 
[0013] FIG. 3 illustrates, in tabular form, a listing of cache 
state de?nitions in accordance With one embodiment of the 
present invention. 
[0014] FIG. 4 illustrates, in state diagram form, a portion of 
a cache coherency state diagram in accordance With one 
embodiment of the present invention. 
[0015] FIG. 5 illustrates, in tabular form, a plurality of 
snoop bus commands in accordance With one embodiment of 
the present invention. 
[0016] FIG. 6 illustrates, in tabular form, information pro 
vided on a bus during snoop bus commands in accordance 
With one embodiment of the present invention. 

DETAILED DESCRIPTION 

[0017] A plurality of neW snoop bus commands or neW 
snoop transaction types, and the supporting logic and frame 
Work for using them is described herein. In one embodiment, 
“shoW line” and “shoW doubleWor ” snoop transactions are 
provided to alloW debug circuitry (eg 14 of FIG. 1) to gain 
access to the latest values of variables, even if they are cached, 
or to extract cache contents. In one embodiment, these snoop 
transactions act like existing snoop transaction types in some 
respects (e. g. in that snoop lookups are performed by partici 
pating bus masters). HoWever, for the neW snoop bus com 
mands, the result of the lookup Will cause a snoop response 
transaction to be requested on any hit, not just on a hit to a 
modi?ed line. The response causes the contents of a cached 
doubleWord or an entire cache line to be placed on a bus (eg 
20 of FIG. 1), and thus available for capture by the debug 
circuitry (eg 14 of FIG. 1). In the illustrated embodiment, the 
neW snoop transaction types include “shoW_line”, “shoW 
doubleWord”, “shoW_target_line”, and “shoW_target_ 
doubleWord”. Alternate embodiments may have feWer, more, 
or different snoop transactions, may use different names for 
the snoop transactions, or may use modi?ed versions of the 
snoop transactions. 
[0018] As used herein, the term “bus” is used to refer to a 
plurality of signals or conductors Which may be used to trans 
fer one or more various types of information, such as data, 
addresses, control, or status. The conductors as discussed 
herein may be illustrated or described in reference to being a 
single conductor, a plurality of conductors, unidirectional 
conductors, or bidirectional conductors. HoWever, different 
embodiments may vary the implementation of the conduc 
tors. For example, separate unidirectional conductors may be 
used rather than bidirectional conductors and vice versa. 
Also, plurality of conductors may be replaced With a single 
conductor that transfers multiple signals serially or in a time 
multiplexed manner. LikeWise, single conductors carrying 
multiple signals may be separated out into various different 
conductors carrying subsets of these signals. Therefore, many 
options exist for transferring signals. 
[0019] FIG. 1 illustrates, in block diagram form, a data 
processing system 10 in accordance With one embodiment of 
the present invention. In one embodiment, data processing 
system 10 includes a processor 12, a debug circuit or debug 



US 2008/0288725 A1 

circuitry 14, an input/output (I/O) circuit 16, and a memory 
18, all bi-directionally coupled to a bus 20. 
[0020] The memory 18 may be any type of memory, such 
as, for example, a read only memory (ROM), a random access 
memory (RAM), non-volatile memory (e.g. Flash), etc. Also, 
memory 18 may be a memory or other data storage located 
Within another peripheral or slave or on a different integrated 
circuit. 

[0021] In one embodiment processor 11, processor 12 and 
debug circuitry 14 are bus masters. I/O circuitry 16 may also 
be a bus master in some embodiments. In one embodiment, 
processor 12 is a processor capable of executing instructions, 
such as a microprocessor, digital signal processor, etc., or 
may be any other type of bus master, such as for example, a 
direct memory access (DMA) controller, a bus bridge, or the 
like. Note that other slave devices may be included in data 
processing system 10 that are not illustrated in FIG. 1, such as 
for example, another memory or cache memory coupled to 
bus 20, as Well as any type of peripheral circuit Which resides 
on the system bus or is coupled to I/O circuit 16. In the 
illustrated embodiment, debug circuitry 14 is also bi-direc 
tionally coupled to processors 11 and 12 by Way of conduc 
tors 21. In alternate embodiments, debug circuitry 14 may 
also be bi-directionally coupled to one or more of I/O cir 
cuitry 16 and memory 18 using one or more conductors (not 
shoWn) that are independent of bus 20. 
[0022] In the illustrated embodiment, processor 11 
includes a cache 15 Which is bi-directionally coupled to bus 
20 by Way of bus interface unit (BIU) 17. Processor 12 
includes a cache 13 and a cache 23 Which are each bi-direc 
tionally coupled to bus 20 by Way of bus interface unit (BIU) 
19. In one embodiment, cache 13 functions as a level one (L1) 
cache for storing data and/ or instructions for use by processor 
12 and cache 23 functions as a level tWo (L2) cache for storing 
data and/or instructions for use by processor 12. Typically, 
data and/or instructions are loaded into caches 13, 23 from 
memory 18 before being executed by the processor. Caches 
13, 23 may comprise a separate data cache and a separate 
instruction cache or may comprise a uni?ed instruction and 
data cache, or may comprise only data caches. Caches 13, 23 
comprise one or more data arrays, one or more tag arrays, and 
one or more status bit arrays. In some embodiments the tag 
and status information may be stored in a common array. 
Each cache entry consists of a block or line of data, a tag value 
Which associates the data With a memory address, and status 
information. For some embodiments, the status information 
may include Whether the cache entry is valid, Whether the 
cache entry is “dirty” (i.e. modi?ed With respect to the data 
associated With the same address in memory 18 or other 
external memory blocks if present), and Whether the cache 
entry is exclusive or shared With other bus masters. Alternate 
embodiments may include less, more, or different cache sta 
tus information. In an alternate embodiment, memory 18, or 
a portion of memory 18 may be characterized as a level tWo 
(L2) cache. 
[0023] An input/output (I/O) module 16 is bi-directionally 
coupled to the bus 20 and to external circuitry (not shoWn). 
The U0 module 1 6 includes various interface circuits depend 
ing upon the type of external circuitry that is coupled to the 
I/O module 16. U0 module 16 may contain one or more 
alternate bus masters coupled to bus 20, and may contain one 
or more caches. In one embodiment, I/O module 16 may serve 
as a bus bridge, and be connected to one or more devices 
incorporating one or more caches via conductors 27. 
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[0024] Debug circuit 14 is bi-directionally coupled to one 
or more of bus processor 11, processor 12, U0 circuitry 16, 
and/or memory 18 via bus 20. Debug circuit 14 may also be 
bi-directionally coupled to external circuitry (not shoWn) 
such as a hardWare tester or other debugging interface hard 
Ware. In one embodiment, debug circuitry 14 complies With 
the NEXUS debug protocol. For some embodiments, debug 
circuitry 14 also complies With the J TAG protocol. Alternate 
embodiments may use debug circuitry 14 that is complies 
With any desired debug protocol. 
[0025] In general, debug circuitry 14 functions as a diag 
nostic check for data processing operations related to an 
access to caches 15, 13, 23, memory 18, and I/O module 16, 
and in other embodiments, other types of data retention cir 
cuits utiliZed by data processing system 10 Whether internal 
to or external to data processing system 10. The processor 12 
and alternate bus masters obtain mastership of the system bus 
20 as needed and selectively access the system memory 18 to 
retrieve and store data and instructions. Debug circuitry 14 
may be con?gured by the user of data processing system 10 to 
capture the values of one or more memory locations by moni 
toring addresses presented on bus 20, and capturing or sam 
pling the related data values presented on bus 20. During bus 
read operations, the data values are provided by a selected 
slave device such as memory 18. During bus Write operations, 
the data values are provided by a bus master of bus 20 such as 
processor 12. As the bus transfers occur, debug circuitry 14 
monitors each transfer and selectively captures data values 
corresponding to data locations the user of debug circuitry 14 
Wishes to monitor. These values and conditions may be pro 
grammed into and transferred from debug circuitry 14 via one 
or more terminals 25 illustrated in FIG. 1. I/O circuitry 16 
may also be coupled external to data processing system 10 by 
Way of one or more terminals 27. In one embodiment, termi 
nals 25 and 27 may be integrated circuit pins. In alternate 
embodiments, terminals 25 and 27 may be anything that can 
be used to transfer signals external to data processing system 
1 0, such as, for example, conductive bumps, conductive pads, 
Wires, etc. 
[0026] Note that if a data variable or value is located Within 
cache 13, the data value may be modi?ed With respect to the 
corresponding value in memory 18, i.e. the latest (most up to 
date) value is not present in memory 18, but only Within cache 
13. If debug circuitry 14 accesses memory 18 to obtain the 
desired variable’s value, it Will not get a correct copy, since 
the copy may be modi?ed internally in cache 13. 

[0027] A neW bus transaction type is provided in data pro 
cessing system 10 to alloW debug circuitry 14 to “see” a value 
Which may be stored in a cache (e.g. cache 13). The bus 
transaction type is a “shoW” transaction. The bus transaction 
can be initiated by debug circuitry 14 acting as a bus master of 
bus 20. The bus transaction includes a desired address loca 
tion to be accessed. It is determined (eg by cache control 
circuitry 54 of FIG. 2) if the address or cache entry results in 
a “hit” or a “miss” in the cache. When the address results in a 
hit, the value is provided to bus 20 associated With the address 
from the cache 13. Debug circuitry 14 then has access to the 
value from the bus 20 as it is provided by the processor (eg 
12). In one embodiment, debug circuitry 14 monitors trans 
actions on bus 20, and is capable of sampling the address and 
associated data values as bus transfers occur. Desired values 
can then be transferred after sampling to a user of the system 
10 performing a debugging operation by means of signals 
from debug circuitry 14 of FIG. 1 (e. g. via terminals 25). Note 
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that in one embodiment, a state of cache 13 is not modi?ed 
When the value is placed on the bus 20. In most prior art 
systems, it is not possible to place the value of the data 
variable on bus 20 from cache 13 When a normal cache hit 
occurs, since the cache 13 satis?es the prior art load or store 
request generated by a normal load or store instruction. This 
causes an issue for debug circuitry 14, since the value is not 
made visible on bus 20 for capture. When the access address 
results in a miss, there is no information to be provided from 
the cache (eg 13) to debug circuitry 14. On a miss, data may 
be retrieved via bus 20, and thus be visible to debug circuitry 
14 for capture. In these prior art systems, providing visibility 
only on cache misses results in limitations on the debugging 
operations that can be performed. 

[0028] Typically, some data values are subject to change 
and are updated in response to executing instructions. In some 
debugging situations it may be desirable to retrieve the latest 
version of the value even When resident in the cache. A “dirty 
bit” “D” is associated With a cache entry indicates Whether or 
not data in the cache associated With the effective address is 
different (i.e. has been modi?ed) from data stored at another 
memory location, such as memory 18, corresponding to the 
data address. In accordance With the disclosed embodiment, a 
“dirty bit” associated With the address of the value is not 
modi?ed When the value is retrieved from the cache and 
presented to the system bus 20 in response to executing a 
“shoW” bus transaction. Likewise, cache 13 is not modi?ed if 
the value associated With the effective address in cache 13 is 
the same as the value in another memory location, ie the data 
is clean. In other Words, even When a dirty bit of the hit cache 
entry indicates that data stored in the entry is clean, the data 
stored in the entry is provided to bus 20 and the entry is not 
modi?ed. When a dirty bit of the hit cache entry indicates that 
data stored in the entry is dirty, the data stored in the entry is 
still provided to bus 20, and the entry is not modi?ed, and the 
dirty bit is not cleared. This is different than the normal 
operation of a “dirty bit” in a cache. 

[0029] FIG. 2 illustrates, in block diagram form, a portion 
of processor 11 and/or processor 12 of FIG. 1. FIG. 2 illus 
trates one possible embodiment of cache 13 and BIU 19, 
and/or cache 23 and BIU 19, and/or cache 15 and BIU 17, all 
of FIG. 1, in more detail. For ease of discussion, it Will be 
assumed herein beloW that cache 13 uses the embodiment 
illustrated in FIG. 2. HoWever, in alternate embodiments, 
cache 15 and/or cache 23 may also use the cache embodiment 
illustrated in FIG. 2, and/ or cache 13 may use a cache embodi 
ment different than that illustrated in FIG. 2. Thus, alternate 
embodiments of system 10 may use different architectures, 
structures, and/or circuitry to implement the various caches 
(e. g. 13, 23, and 15). In the illustrated embodiment, cache 13 
includes cache control circuitry 54 and cache array 50 Which 
are bi-directionally coupled to each other. In one embodi 
ment, cache array 50 is an array of random access memory 
cells organiZed as a plurality of entries. In one embodiment, 
cache array 50 comprises SRAM (static random access 
memory) memory cells. In other embodiments, other 
memory types are suitable. In one embodiment of cache 13, 
entry 52 is representative of the plurality of entries and 
includes a tag address bit ?eld labeled “TAG ADDRESS 
FIELD”, a tag status bit ?eld labeled “TAG STATUS BITS” 
and a data bit ?eld labeled “DATA”. The tag status bit ?eld 
includes a valid bit labeled “V”, an exclusive/shared bit 
labeled “E”, and a dirty bit labeled “D”. 
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[0030] In one embodiment of cache 13, each entry may be 
referred to as a “cache line” for processor 12. Cache array 50 
is bi-directionally coupled to bus 20 via BIU 19. In one 
embodiment, cache control circuitry 54 selectively deter 
mines if an effective address pointed to by an instruction 
received from, for example, cache 13, memory 18, or debug 
circuitry 14 is a hit or a miss in cache 13. Alternate embodi 
ments may use a translation look-up buffer (TLB) (not 
shoWn) coupled to cache 13 for performing address transla 
tion from an effective address to a physical address. This 
translation may be done in a standard manner that is knoWn in 
the art. Cache control circuitry 54 can determine if an effec 
tive address pointed to by an instruction results in a hit or miss 
by comparing the physical address for an access provided by 
the TLB to the stored value(s) contained in one or more tag 
entries in cache array 50. In some embodiments, a TLB is not 
used and the effective address is provided directly to cache 13 
Without translation. In such embodiments, stored tag values 
correspond directly to effective addresses Without address 
translation to a physical address being required. 
[0031] Still referring to FIG. 2, cache 13 is bi-directionally 
coupled to BIU 19. BIU 19 is bi-directionally coupled to bus 
20. In the illustrated embodiment, bus 20 includes signals 30 
and signals 32. In one embodiments, signals 30 include a 
plurality of address signals 40, a plurality of data signals 41, 
one or more transfer_type signals 42, one or more target_ 
speci?er signals 43, and one or more cache_speci?er signals 
44. 

[0032] FIG. 3 illustrates, in tabular form, a listing of cache 
state de?nitions in accordance With one embodiment of the 
present invention. Alternate embodiments of the present 
invention may use feWer, more, or different cache states than 
those illustrated in FIG. 3. FIG. 3 illustrates a MESI (Modi 
?ed Exclusive Shared and Invalid) cache protocol having four 
states, namely an invalid state (INV), a shared state (S), an 
exclusive unmodi?ed state (EU), and an exclusive modi?ed 
state (EM). Other embodiments may use different cache pro 
tocols and their associated cache state de?nitions. Thus, the 
present invention is not limited in any Way to the speci?c 
states illustrated in FIG. 3. 

[0033] FIG. 4 illustrates, in state diagram form, a portion of 
a cache coherency state diagram in accordance With one 
embodiment of the present invention. The state diagram illus 
trated in FIG. 4 shoWs hoW a cache implementing the cache 
states of FIG. 3 can transition betWeen the four cache states 
INV, S, EU, and EM. NeW state transitions have been incor 
porated into the prior art state diagram for a MESI cache 
coherency protocol to support the neW snoop transaction 
types (shoW_line, shoW_dW, shoWl3 target_line, shoW_tar 
get_dW) for one embodiment of the present invention. For 
clarity purposes, note that some of the prior art bus transac 
tions that are not relevant to the present invention have been 
omitted from FIG. 4 (eg bus commands that affect a Whole 
block of cache, such as, for example, a bus command that 
?ushes an entire cache block). 
[0034] Still referring to FIG. 4, note that the “shoW line” 
(shoW_line hit) and “shoW doubleWord” (shoW_dW hit) bus 
commands do not cause the cache 13 to change state. Simi 
larly, note that the “shoW target line” (ShOWiZ m,get_line) and 
“shoW target doubleWord” (shoW_target_dW) bus commands 
do not cause the cache 13 to change state. These tWo neW pairs 
of snoop transaction types or transfer type bus commands, 
and the supporting logic and framework for using them, alloW 
debug circuitry 14 of FIG. 1 more visibility into the caches 
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(eg 15, 13, and 23) used in system 10. The “show line” and 
“show doubleword” snoop transactions or bus commands are 
provided to allow debug circuitry 14 to gain access to the 
latest values of variables, even if they are cached, or to allow 
debug circuitry 14 to extract cache contents. In one embodi 
ment, these snoop transactions may act like existing snoop 
transaction types in most respects, in that snoop lookups are 
performed by participating bus masters (e. g. 11, 12), but the 
result of the lookup will optionally cause a snoop response 
transaction to be requested on any hit, not just on a hit to a 
modi?ed or dirty cache line. For the “show_target_line” and 
“show_target_dw” snoop commands, a speci?c cache target 
is identi?ed as part of the transaction information, and for 
these speci?c command types, the result of the lookup will 
optionally cause a snoop response transaction to occur 
regardless of a hit or miss. UtiliZing these snoop command 
types allows for visibility into the current state of a targeted 
cache without causing state changes of data, tag, or status 
information. 

[0035] In response to the request portion of the “show line”, 
“show doubleword”, “show target line”, and “show target 
doubleword” bus transactions, the cache control circuitry 54 
(see FIG. 2) causes the contents of a cached doubleword or an 
entire line to be placed on bus 20, and thus available for 
capture by the debug circuitry 14. This exposure occurs 
regardless of the presence of backing store for the variables, 
ie there may be no physical memory associated with the 
address of the variable other than in a cache itself. By expos 
ing the value of a variable in memory to the system bus 20, it 
can be captured by data trace logic in debug circuitry 14 and 
messaged out to the user via terminals 25. Note that the 
instructions are unobtrusive to the data cache, and no data 
cache state changes occur, regardless of the state of the vari 
able (Modi?ed, Exclusive, Shared, or Invalid). In the illus 
trated embodiment, options are provided to cause either an 
entire cache line to be placed on bus 20, or to limit the 
exposure to a data bus-width element (eg a doubleword) 
containing the desired variable. Alternate embodiments may 
instead use one snoop transaction type with a ?xed width or 
size (eg line), or may use one bus command that has within 
it an encoding to select among a variable group of widths or 
siZes (e.g. line, doubleword, word, etc.) 
[0036] Note that in one embodiment, snoop transaction 
types are provided that allow the value of a memory variable 
to be provided to debug circuitry 14 (see FIG. 1). In some 
embodiments, cache control circuitry 54 allows a cache line 
or a portion of a cache line to be broadcast on a bus 20 when 
it is present in the cache (eg 13), regardless of whether it is 
clean (i.e. unmodi?ed) or dirty (i.e. modi?ed). In one embodi 
ment there is provided cache state logic (see FIG. 4) in cache 
control circuitry 54 (see FIG. 2) which does not modify the 
cache state (see FIG. 3) or replace cache lines to obtain the 
variable. In addition, for some embodiments, memory (eg 
18) is not updated with the provision of the cache data to 
debug circuitry 14 in order to ensure that queries by debug 
circuitry 14 are minimally intrusive to the state of system 10. 

[0037] In one embodiment, system 10 adds an additional 
bus transaction type “show” which allows debug circuitry 14 
visibility into internal data cache state (eg of cache 13), 
which may be modi?ed with respect to memory (e. g. 18). In 
one embodiment, when “show” is presented as a snoop read 
burst transaction, a normal snoop lookup is performed. If the 
transaction address hits in the data cache (e.g. cache 13), then 
a snoop copyback is performed, regardless of the modi?ed or 
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clean state of the cache line. The copyback is marked as a 
“show line” write, and in one embodiment is a burst of four 
doublewords to the bus. The state of the cache line in all 
processors (eg 11, 12) remains unchanged. The providing of 
the cache line to the bus 20 allows the debug circuitry 14 to see 
the content of the cache line, and thus to transfer these values 
out to an external debugger (not shown) via terminals 25. 
Note that in one embodiment, updates to memory (eg 18) 
should typically be blocked, if possible, during these “show” 
transfers to allow the state of the system 10 to remain mini 
mally perturbed during debugging. 
[0038] Additionally, in some embodiments, “doubleword” 
snoop bus commands are supported. When presented as a 
snoop single-beat read transaction, a normal snoop lookup is 
also performed. These “doubleword” bus commands operate 
similarly to the “line” bus commands, except that only a 
single doubleword of data in a hitting cache line is provided, 
via a single-beat write bus transaction which is marked as 
“doubleword”. 

[0039] The “show_target_line” and “showitmgepdouble 
word” snoop bus commands are typically targeted to only a 
single master (e.g. processor 12) in the system 10, and thus 
only a single response will occur for each of these transac 
tions. For the “show_line” and “show_doubleword” snoop 
transaction requests, these commands are simultaneously 
broadcast to multiple masters (e. g. processors 11 and 12), but 
only a single master needs to respond for the data to become 
visible to the debug circuitry 14. For cache lines in the exclu 
sive state, this occurs naturally. For shared cache lines which 
are valid in multiple caches, only a single “show” bus trans 
action is required to provide visibility of the data, even though 
multiple cached copies exist. When the plurality of bus mas 
ters attempt to simultaneously “show” the cache line, only a 
single master will win arbitration for bus 20 and then respond 
with the requested information. A pending response in any 
other bus master can be killed or terminated when the arbi 
tration winner performs the “show” response on bus 20, and 
the addresses of the pending response and the performed 
response match. The participating masters will monitor the 
bus to determine if another cache has provided the “show” 
information, and if so, will terminate their own requests to 
perform a “show” response for the indicated data. This may 
be done by monitoring the address and the transaction type 
information for transactions on bus 20, and determining that 
a “show” type response transaction is performed by another 
master. Alternatively, if multiple caches respond to a “show” 
command, all responses could be sent individually to the 
external debugger along with information on which cache 
responded, allowing the external debugger to see all copies of 
the line. 

[0040] Referring to FIG. 4, in one embodiment, transitions 
50-53 may be used to provide information from any cache 
(e.g. cache 13) to debug circuitry 14 (see FIG. 1). Referring 
now to FIGS. 2, 5 and 6, in one embodiment, the transfer-type 
signals 42 on bus 20 (see FIG. 2) are used to indicate when 
one of the bus snoop transactions listed in FIG. 5 are currently 
taking place on bus 20. Referring to FIGS. 5 and 6, note that 
each snoop bus transaction includes a request portion 60, a 
response portion 61, and a data portion 62 that all are provided 
on bus 20. In the request portion 60, a bus master (e.g. debug 
circuitry 14) initiates a read to a cache (e.g. cache 13). In the 
response portion 61, the cache responds with a write opera 
tion. And in the data portion 62, the data stored in the cache 
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that corresponds to the address or cache entry speci?ed in the 
request 60 portion is provided on bus 20. 
[0041] One embodiment of the bus snoop transactions 
listed in FIG. 5 Will noW be described. Note that alternate 
embodiments may have other additional snoop transactions 
that are not listed in FIG. 5. 

[0042] One embodiment of the “shoW cache line” and 
“shoW doubleWord” bus transactions of FIG. 5 Will noW be 
described. For the “shoW cache line” bus transaction, a bus 
master (e. g. debug circuitry 14) provides a snoop transaction 
request 60 Which includes a desired address by Way of signals 
40 of bus 20 (see FIG. 2), and provides a transaction type 
indication by Way of one or more signals 42. The transaction 
is monitored by one or more caches in the system Which 
participate in normal snooping of bus transactions for coher 
ency purposes. In response to a hit occurring on the lookup 
associated With the snoop transaction, a selected cache in the 
system performs a “shoW copyback” (for responding to a 
“shoW cache line” request) or a “shoW doubleWord” (for 
responding to a “shoW doubleWord” request) (see FIG. 5) 
Write transaction of the cache line data information corre 
sponding to the address of the request transaction regardless 
of the state of the dirty bit D, and the cache remains in its 
current state, i.e. the dirty bit is unchanged. In addition, all 
other caches remain in their respective current states. In one 
embodiment, memory 18 is not updated With the data pro 
vided on the response, even though a Write transaction is 
indicated on the bus 20. In one embodiment, the response 61 
includes status information from the cache and the cache 
entry that corresponds to the address in the request 60. If there 
Was a cache hit, data is provided via data conductors 41 during 
the data portion 62. If there Was a cache miss, data is not 
provided via data conductors 41 during the data portion 62. In 
an alternate embodiment, no status, or only partial status 
information may be provided during the response. In one 
embodiment, if the requested address misses in all of the 
caches participating in the transaction, data may be provided 
by memory 18 instead of no data being provided during data 
portion 62 of the transaction. In one embodiment, if multiple 
caches “hit”, a single cache is selected to provide the 
response, and the remaining caches cancel any pending 
responses. 

[0043] One embodiment of the “shoW target line” and 
“shoW target doubleWord” bus transactions of FIG. 5 corre 
sponding to the type-l transactions illustrated in FIG. 6 Will 
noW be described. For these “shoW target” bus transactions, a 
bus master (e.g. debug circuitry 14) provides a request 60 
Which includes a target speci?er by Way of signals 43 of bus 
20 (see FIG. 2), provides a cache speci?er by Way of signals 
44, provides an address by Way of signals 40, and provides a 
Width indicator DW (e.g. doubleWord, line, etc.) by Way of 
one or more signals 32. The target speci?er speci?es Which 
block or portion of circuitry in system 10 has a cache and is 
the “target” of this bus transaction. The cache speci?er speci 
?es Which cache Within the “target” is being accessed for this 
bus transaction. In response (see column 61 in FIG. 6), the 
speci?ed cache in the target performs a “shoW target copy 
back” (see FIG. 5) of the cache line or a “shoW target double 
Word” of the requested doubleWord, regardless of the state of 
the dirty bit D, and the cache remains in its current state. 
Referring to FIG. 6, in the illustrated embodiment, the 
response 61 includes status information from the cache and 
the cache entry that corresponds to the address in the request 
60. If there Was a cache hit, data is provided via data conduc 
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tors 41 during the data portion 62. If there Was a cache miss, 
data is not provided via data conductors 41 during the data 
portion 62. In one embodiment, the response may only 
include status information, and cache entry information may 
not be provided. The status information may be indicated in a 
particular response type encoding signaled via one or more 
signals 32 of bus 20, or may be provided directly in an unen 
coded format. 
[0044] One embodiment of the “shoW target line” and 
“shoW target doubleWor ” bus transactions of FIG. 5 corre 
sponding to the type-2 transactions illustrated in FIG. 6 Will 
noW be described. For the type-2 “shoW cache line” bus 
transaction, What is different from type-l is that instead of 
providing an address in the request portion 60, the bus master 
(e.g. debug circuitry 14) provides a cache entry speci?er. The 
speci?er is used to specify a particular storage location Within 
the targeted cache. The response from the cache is different in 
that the response 61 does not include cache entry information, 
and may or may not include information or content from the 
tag address ?eld of the cache entry (e.g. 52in FIG. 2). For one 
embodiment of type-2 transactions, information or content 
from the tag address ?eld of the cache entry (eg 52 in FIG. 2) 
may be provided on data conductors 41 of bus 20 (see FIG. 2) 
during the data portion 62 if it Was not provided during the 
response portion 61. Alternate embodiments may use one or 
more of the type-l transactions, may use one or more of the 
type-2 transactions, or may use different transactions. Note 
that the “shoW doubleWord” bus transaction for request 60 
(see FIG. 5) may function in the same manner as the “shoW 
cache line” bus translation for request 60, except the Width is 
a doubleWord instead of a cache line. Similarly, note that the 
“shoW doubleWord” bus transaction for response 61 may 
function in the same manner as the “shoW copyback” bus 
transaction for response 61, except the Width is a doubleWord 
instead of a cache line. The transaction types for “shoW target 
line” and “shoW target doubleWor ” may be similarly differ 
entiated. 
[0045] Note that one or more caches in system 10 may be 
set associative or fully associative. If a cache (eg 13) is fully 
associative, the “cache entry” in FIG. 6 may be used to 
directly specify a desired entry in the cache. HoWever, if the 
cache (eg 13) is set associative, the “cache entry” speci?er 
may be replaced With “cache set” and “cache Way” informa 
tion for some embodiments. 

[0046] Note that the terms transfer type, transaction type, 
bus transaction type, snoop transaction, snoop transaction 
type, snoop bus command, and bus command have been used 
interchangeably herein. 
[0047] As can be seen from the description of the present 
invention, a cache coherency protocol may be extended to 
incorporate debug visibility transactions in an advantageous 
manner, alloWing for improved cache visibility by a debug 
ger. 
[0048] Because the apparatus implementing the present 
invention is, for the most part, composed of electronic com 
ponents and circuits knoWn to those skilled in the art, circuit 
details Will not be explained in any greater extent than that 
considered necessary as illustrated above, for the understand 
ing and appreciation of the underlying concepts of the present 
invention and in order not to obfuscate or distract from the 
teachings of the present invention. 
[0049] Some of the above embodiments, as applicable, may 
be implemented using a variety of different information pro 
cessing systems. For example, although FIG. 1 and the dis 
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cussion thereof describe an exemplary information process 
ing architecture, this exemplary architecture is presented 
merely to provide a useful reference in discussing various 
aspects of the invention. Of course, the description of the 
architecture has been simpli?ed for purposes of discussion, 
and it is just one of many different types of appropriate 
architectures that may be used in accordance With the inven 
tion. Those skilled in the art Will recognize that the boundaries 
betWeen logic blocks are merely illustrative and that alterna 
tive embodiments may merge logic blocks or circuit elements 
or impose an alternate decomposition of functionality upon 
various logic blocks or circuit elements. 

[0050] Thus, it is to be understood that the architectures 
depicted herein are merely exemplary, and that in fact many 
other architectures can be implemented Which achieve the 
same functionality. In an abstract, but still de?nite sense, any 
arrangement of components to achieve the same functionality 
is effectively “associated” such that the desired functionality 
is achieved. Hence, any tWo components herein combined to 
achieve a particular functionality can be seen as “associated 
Wit ” each other such that the desired functionality is 
achieved, irrespective of architectures or intermedial compo 
nents. Likewise, any tWo components so associated can also 
be vieWed as being “operably connected,” or “operably 
coupled,” to each other to achieve the desired functionality. 

[0051] Also for example, in one embodiment, the illus 
trated elements of system 10 are circuitry located on a single 
integrated circuit or Within a same device. Alternatively, sys 
tem 10 may include any number of separate integrated cir 
cuits or separate devices interconnected With each other. For 
example, memory 18 may be located on a same integrated 
circuit as masters 11 and 12 or on a separate integrated circuit 
or located Within another peripheral or slave discretely sepa 
rate from other elements of system 10. Debug circuitry 14 and 
I/O circuitry 16 may also be located on separate integrated 
circuits or devices. Also for example, system 10 or portions 
thereof may be soft or code representations of physical cir 
cuitry or of logical representations convertible into physical 
circuitry. As such, system 10 may be embodied in a hardWare 
description language of any appropriate type. 
[0052] Furthermore, those skilled in the art Will recogniZe 
that boundaries betWeen the functionality of the above 
described operations merely illustrative. The functionality of 
multiple operations may be combined into a single operation, 
and/ or the functionality of a single operation may be distrib 
uted in additional operations. Moreover, alternative embodi 
ments may include multiple instances of a particular opera 
tion, and the order of operations may be altered in various 
other embodiments. 

[0053] Although the invention is described herein With ref 
erence to speci?c embodiments, various modi?cations and 
changes can be made Without departing from the scope of the 
present invention as set forth in the claims beloW. Accord 
ingly, the speci?cation and ?gures are to be regarded in an 
illustrative rather than a restrictive sense, and all such modi 
?cations are intended to be included Within the scope of the 
present invention. Any bene?ts, advantages, or solutions to 
problems that are described herein With regard to speci?c 
embodiments are not intended to be construed as a critical, 
required, or essential feature or element of any or all the 
claims. 

[0054] The term “coupled,” as used herein, is not intended 
to be limited to a direct coupling or a mechanical coupling. 
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[0055] Furthermore, the terms a or “an,” as used herein, 
are de?ned as one or more than one. Also, the use of intro 

ductory phrases such as “at least one” and “one or more” in 
the claims should not be construed to imply that the introduc 
tion of another claim element by the inde?nite articles “a” or 
“an” limits any particular claim containing such introduced 
claim element to inventions containing only one such ele 
ment, even When the same claim includes the introductory 
phrases “one or more” or “at least one” and inde?nite articles 
such as “a” or “an.” The same holds true for the use of de?nite 
articles. 
[0056] Unless stated otherwise, terms such as “?rst” and 
“second” are used to arbitrarily distinguish betWeen the ele 
ments such terms describe. Thus, these terms are not neces 
sarily intended to indicate temporal or other prioritiZation of 
such elements. 

Additional Text 

[0057] l. A method for a cache, the method comprising: 
[0058] in response to receiving a request to provide at 

least one portion of a cache entry of the cache, providing 
the at least one portion of the cache entry regardless of 
Whether the cache entry is dirty Without modifying a 
state of the cache entry. 

[0059] 2. The method of statement 1, Wherein the at least 
one portion of the cache entry comprises a byte, a Word, or 
a doubleWord. 

[0060] 3. The method of statement 1, Wherein the state of 
the cache entry comprises at least one of an invalid state, a 
shared state, an exclusive unmodi?ed state, and an exclu 
sive modi?ed state. 

[0061] 4. The method of statement 1 , Wherein the request to 
provide the at least one portion has a corresponding 
address. 

[0062] 5. The method of statement 1 , Wherein the request to 
provide the at least one portion has a corresponding target 
speci?er and a corresponding cache speci?er. 

[0063] 6. The method of statement 5, Wherein the target 
speci?er is used to select a target device from a plurality of 
target devices coupled to a device issuing the request and 
Wherein the cache speci?er is used to select a cache from 
Within the selected target device. 

[0064] 7. The method of statement 1 further comprising 
receiving the request to provide at least one portion of the 
cache entry from a debug circuitry. 

[0065] 8. The method of statement 1 further comprising 
receiving the request to provide at least one portion of the 
cache entry from at least one of a bus bridge, a direct 
memory access controller, and a processor. 

[0066] 9. The method of statement 1 further comprising 
providing the at least one portion of the cache entry Without 
modifying a memory associated With the cache. 

[0067] 10. The method of statement 1, Wherein the request 
to provide at least one portion of the cache entry is received 
by a plurality of caches and Wherein the step of providing 
the at least one portion of the cache entry is performed by 
only one of the plurality of caches. 

[0068] l l. The method of statement 1, Wherein the request 
to provide at least one portion of the cache entry is received 
by a plurality of caches, Wherein the state of the cache entry 
is shared, and Wherein the step of providing the at least one 
cache entry is performed by only one of the plurality of 
caches. 
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[0069] 12. A method for a cache, the method comprising: 
[0070] in response to receiving a request to provide at 

least one portion of a cache entry of the cache, providing 
the at least one portion of the cache entry regardless of a 
state of the cache entry Without modifying the state of 
the cache entry. 

[0071] 13. The method of statement 12, Wherein the at least 
one portion of the cache entry comprises a byte, a Word, or 
a doubleWord. 

[0072] 14. The method of statement 12, Wherein the state of 
the cache entry comprises at least one of an invalid state, a 
shared state, an exclusive unmodi?ed state, and an exclu 
sive modi?ed state. 

[0073] 1 5. The method of statement 12, Wherein the request 
to provide the at least one portion has a corresponding 
address. 

[0074] 1 6. The method of statement 12, Wherein the request 
to provide the at least one portion has a corresponding 
target speci?er and a corresponding cache speci?er. 

[0075] 17. The method of statement 16, Wherein the target 
speci?er is used to select a target device from a plurality of 
target devices coupled to a device issuing the request and 
Wherein the cache speci?er is used to select a cache from 
Within the selected target device. 

[0076] 18. The method of statement 12 further comprising 
receiving the request to provide at least one portion of the 
cache entry from a debug circuitry. 

[0077] 19. The method of statement 12 further comprising 
receiving the request to provide at least one portion of the 
cache entry from at least one of a bus bridge, a direct 
memory access controller, and a processor. 

[0078] 20. The method of statement 12 further comprising 
providing the at least one portion of the cache entry Without 
modifying a memory associated With the cache. 

[0079] 21 . The method of statement 12, Wherein the request 
to provide at least one portion of the cache entry is received 
by a plurality of caches and Wherein the step of providing 
the at least one portion of the cache entry is performed by 
only one of the plurality of caches. 

[0080] 22. The method of statement 12, Wherein the request 
to provide at least one portion of the cache entry is received 
by a plurality of caches, Wherein the state of the cache entry 
is shared, and Wherein the step of providing the at least one 
cache entry is performed by only one of the plurality of 
caches. 

What is claimed is: 
1. A method for a cache, the method comprising: 
in response to receiving a request to provide at least one 

portion of a cache entry of the cache, providing the at 
least one portion of the cache entry regardless of Whether 
the cache entry is dirty Without modifying a state of the 
cache entry. 

2. The method of claim 1, Wherein the at least one portion 
of the cache entry comprises a byte, a Word, or a doubleWord. 

3. The method of claim 1, Wherein the state of the cache 
entry comprises at least one of an invalid state, a shared state, 
an exclusive unmodi?ed state, and an exclusive modi?ed 
state. 

4. The method of claim 1, Wherein the request to provide 
the at least one portion has a corresponding address. 

5. The method of claim 1, Wherein the request to provide 
the at least one portion has a corresponding target speci?er 
and a corresponding cache speci?er. 
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6. The method of claim 5, Wherein the target speci?er is 
used to select a target device from a plurality of target devices 
coupled to a device issuing the request and Wherein the cache 
speci?er is used to select a cache from Within the selected 
target device. 

7. The method of claim 1 further comprising receiving the 
request to provide at least one portion of the cache entry from 
a debug circuitry. 

8. The method of claim 1 further comprising receiving the 
request to provide at least one portion of the cache entry from 
at least one of a bus bridge, a direct memory access controller, 
and a processor. 

9. The method of claim 1 further comprising providing the 
at least one portion of the cache entry Without modifying a 
memory associated With the cache. 

10. The method of claim 1, Wherein the request to provide 
at least one portion of the cache entry is received by a plurality 
of caches and Wherein the step of providing the at least one 
portion of the cache entry is performed by only one of the 
plurality of caches. 

11. The method of claim 1, Wherein the request to provide 
at least one portion of the cache entry is received by a plurality 
of caches, Wherein the state of the cache entry is shared, and 
Wherein the step of providing the at least one cache entry is 
performed by only one of the plurality of caches. 

12. A method for a cache, the method comprising: 

in response to receiving a request to provide at least one 
portion of a cache entry of the cache, providing the at 
least one portion of the cache entry regardless of a state 
of the cache entry Without modifying the state of the 
cache entry. 

13. The method of claim 12, Wherein the at least one 
portion of the cache entry comprises a byte, a Word, or a 
doubleWord. 

14. The method of claim 12, Wherein the state of the cache 
entry comprises at least one of an invalid state, a shared state, 
an exclusive unmodi?ed state, and an exclusive modi?ed 
state. 

15. The method of claim 12, Wherein the request to provide 
the at least one portion has a corresponding address. 

16. The method of claim 12, Wherein the request to provide 
the at least one portion has a corresponding target speci?er 
and a corresponding cache speci?er. 

17. The method of claim 16, Wherein the target speci?er is 
used to select a target device from a plurality of target devices 
coupled to a device issuing the request and Wherein the cache 
speci?er is used to select a cache from Within the selected 
target device. 

18. The method of claim 12 further comprising receiving 
the request to provide at least one portion of the cache entry 
from a debug circuitry. 

19. The method of claim 12 further comprising receiving 
the request to provide at least one portion of the cache entry 
from at least one of a bus bridge, a direct memory access 

controller, and a processor. 
20. The method of claim 12 further comprising providing 

the at least one portion of the cache entry Without modifying 
a memory associated With the cache. 

21. The method of claim 12, Wherein the request to provide 
at least one portion of the cache entry is received by a plurality 
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of caches and wherein the step of providing the at least one of caches, Wherein the state of the cache entry is shared, and 
portion of the cache entry is performed by only one of the Wherein the step of providing the at least one cache entry is 
plurality of caches. performed by only one of the plurality of caches. 

22. The method of claim 12, Wherein the request to provide 
at least one portion of the cache entry is received by a plurality * * * * * 


