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ABSTRACT 

A cache memory that completes an in-flight operation with 
another cache that collides with a Snoop operation, rather 
than canceling the in-flight operation. Operations to the 
cache comprise a query pass and one or more finish passes. 
When the cache detects a Snoop query intervening between 
the query pass and a finish pass of the in-flight operation, the 
cache generates a more up-to-date status for the Snoop query 
that takes into account the tag status to which the in-flight 
finish pass will update the implicated cache line. This is 
necessary because otherwise the Snoop query might not see 
the affect of the in-flight finish pass status update. This 
allows the in-flight finish pass to complete instead of being 
cancelled and the Snoop finish pass to correctly update the 
status after the in-flight finish pass, and to provide modified 
data from the cache line to the externally Snooped transac 
tion. 
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FIG. 5 

new operation wins arbitration for access to L2 and enters cache pipeline 

snoop query arbitrates for L2 access in response to external snoop transaction 
504 

new operation (in-flight operation) reaches pipeline bottom and obtains tag status; 506 
finish-pass generation logic generates finish pass of in-flight operation which 

includes in-flight status 

508 
finish pass of in-flight operation arbitrates for L2 access 

Snoop query reaches bottom of pipeline and obtains tag status; 512 
snoop collision logic detects address collision between Snoop and in-flight 

operation 

snoop collision logic generates Snoop tag status based on Snoop query tag array 514 
status and in-flight status 

snoop action generation logic generates Snoop action based on Snoop tag status 516 
and stores snoop action in snoop action queue; 
snoop action includes Snoop update status 

snoop action arbitrates for L2 access 

finish pass of in-flight operation updates L2 tag array with in-flight status, and if 522 

518 

necessary, updates L2 data array with data 

snoop action updates L2 tag array with Snoop update status and obtains cache 524 
line if snooped transaction requested data 

526 
bus action generation logic generates bus action based on Snoop tag status 

BIU answers external snoop with bus action generated in previous step 
528 

L2 Cache Operation 

  

  



Patent Application Publication Mar. 23, 2006 Sheet 6 of 6 US 2006/0064552 A9 

  



US 2006/0064552 A9 

CACHE MEMORY AND METHOD FOR 
HANDLING EFFECTS OF EXTERNAL SNOOPS 
COLLIDING WITH IN-FLIGHT OPERATIONS 

INTERNALLY TO THE CACHE 

0001. This application claims priority based on U.S. 
Provisional Application, Serial No. 60/375469, filed Apr. 24, 
2002, entitled METHOD FOR HANDLING AFFECTS OF 
EXTERNAL SNOOPS INTERNALLY TO L2 CACHE. 

FIELD OF THE INVENTION 

0002 This invention relates in general to the field of 
cache memories in microprocessors, and particularly to 
multi-pass pipelined caches and the effects of external Snoop 
operations thereon. 

BACKGROUND OF THE INVENTION 

0003. Many modern computer systems are multi-proces 
Sor systems. That is, they include multiple processors 
coupled together on a common bus that share the computing 
load of the system. In addition, the multiple processors 
typically share a common system memory. Still further, each 
of the processors includes a cache memory, or typically a 
hierarchy of cache memories. 
0004 Acache memory, or cache, is a memory internal to 
the processor that stores a Subset of the data in the system 
memory and is typically much smaller than the system 
memory. Transfers of data with the processor's cache are 
much faster than the transfers of data between the processor 
and memory. When a processor reads data from the system 
memory, the processor also stores the data in its cache So the 
next time the processor needs to read the data it can more 
quickly read from the cache rather than having to read the 
data from the system memory. Similarly, the next time the 
processor needs to write data to a system memory address 
whose data is stored in the cache, the processor can simply 
write to the cache rather than having to write the data 
immediately to memory, which is commonly referred to as 
write-back caching. This ability to access data in the cache 
thereby avoiding the need to access memory greatly 
improves system performance by reducing the overall data 
access time. 

0005 Caches store data in cache lines. A common cache 
line size is 32 bytes. A cache line is the smallest unit of data 
than can be transferred between the cache and the system 
memory. That is, when a processor wants to read a cacheable 
piece of data from memory, it reads all the data in the cache 
line containing the data and stores the entire cache line in the 
cache. Similarly, when a new cache line needs to be written 
to the cache that causes a modified cache line to be replaced, 
the processor writes the entire replaced line to memory. 
0006 The presence of multiple processors each having its 
own cache that caches data from a shared memory intro 
duces a problem of cache coherence. That is, the view of 
memory that one processor sees through its cache may be 
different from the view another processor sees through its 
cache. For example, assume a location in memory denoted 
X contains a value of 1. Processor A reads from memory at 
address X and caches the value of 1 into its cache. Next, 
processor B reads from memory at address X and caches the 
value of 1 into its cache. Then processor A writes a value of 
0 into its cache and also updates memory at address X to a 
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value of 0. Now if processor A reads address X it will receive 
a 0 from its cache; but if processor Breads address X it will 
receive a 1 from its cache. 

0007. The example above illustrates the need to keep 
track of the state of any cache lines that are shared by more 
than one cache in the system. One common Scheme for 
enforcing cache coherence is commonly referred to as 
Snooping. With Snooping, each cache maintains a copy of 
the sharing status for every cache line it holds. Each cache 
monitors or Snoops every transaction on the bus shared by 
the other processors to determine whether or not the cache 
has a copy of the cache line implicated by the bus transaction 
initiated by another processor. The cache performs different 
actions depending upon the type of transaction Snooped and 
the status of the cache line implicated. A common cache 
coherency status protocol is the MESI protocol. MESI 
stands for Modified, Exclusive, Shared, Invalid, which are 
the four possible states or status values of a cache line in a 
cache. 

0008 One method of maintaining cache coherence com 
monly used with Snooping is to ensure that a processor has 
exclusive access to a cache line before writing data to it. This 
method is commonly referred to as a write invalidate pro 
tocol because on a write it invalidates any copies of the 
implicated cache line in the other caches. Requiring exclu 
sive access ensures that no other readable or writable copies 
of a cache line exist when the writing processor writes the 
data. 

0009. To invalidate the other copies of the cache line in 
the other caches, the invalidating processor gains access to 
the bus and provides on the bus the address of the cache line 
to be invalidated. The other caches are Snooping the bus and 
check to see if they are -currently caching the address. If so, 
the other caches change the state of the cache line to Invalid. 
0010. In addition, each cache also snoops the bus to 
determine if it has a modified cache line that is being read 
by another processor. If so, the cache provides the modified 
cache line, either by writing the modified cache line to 
memory or providing the modified cache line to the request 
ing processor, or both. The transaction reading the cache line 
may allow the cache line to be shared or it may require the 
other caches to invalidate the line. 

0011 Processor caches typically include a hierarchy of 
caches. For example, a processor may have a level-one (L1) 
and level-two (L2) cache. The L1 cache is closer to the 
computation elements of the processor than the L2 cache, 
and is capable of providing data to the computation elements 
faster than the L2 cache. Furthermore, the caches may be 
further divided into separate instruction caches and data 
caches for caching instructions and data, respectively. 
0012. The various caches within the cache hierarchy of 
the processor transfer cache lines between one another. For 
example, if a cache address misses in an L1 cache, the L1 
might load the missing cache line from an L2 cache in the 
processor if it is present in the L2. Also, if an L1 cache needs 
to replace a valid cache line with a newer cache line, the L1 
cache may cast out the replaced cache line to the L2 cache 
rather than writing the cache line to system memory. This is 
particularly common for write-back cache configurations. 

0013 The transfer of a cache line between two caches in 
a processor may require several processor clock cycles. This 
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may be true for several reasons. One reason is that caches 
typically comprise a pipeline of multiple stages, wherein 
each stage processes a portion of an operation during a clock 
cycle, implying that multiple clock cycles are required to 
read or write the cache. Additionally, caches are often 
multi-pass caches, meaning that a first pass, typically 
referred to as a query pass, through the pipeline is required 
to obtain the status of the implicated cache line. One or more 
Subsequent passes are required to update the cache based on 
the status obtained or to read additional data that was not 
obtained during the query pass. Still further, the caches may 
be spatially located a relatively large distance away from one 
another on the processor integrated circuit, requiring addi 
tional clock cycles for long signal paths and/or signals which 
require propagation delays through many logic gates to 
generate. 

0014 For example, assume the processor stores a new 
cache line to its L1 cache forcing the L1 to replace a 
modified cache line. The L1 may castout the modified cache 
line that was chosen for replacement to an L2 cache on the 
processor. The L1 reads the castout line from its pipeline and 
stores the line into a buffer between the two caches. The L1 
informs the L2 of the castout and subsequently overwrites 
the castout line with the new cache line. The L2 reads the 
castout line from the castout buffer and writes the line into 
itself. 

0.015 This works well as long as the caches do not Snoop 
a transaction on the bus that collides with the address of the 
castout line during the castout, i.e., that has the same address 
as the castout line. A colliding Snoop while the castout is 
in-flight introduces significant design problems that must be 
addressed. For example, if the Snooped transaction is a read 
and the cache line that is in-flight is a cache line with 
modified data that has not been written to memory, which of 
the two caches will Supply the cache line data to the Snooped 
transaction on the bus? Which of the two caches will own the 
castout line in order to update its status? 
0016. The conventional approach to the problem has been 
to cancel or kill the in-flight operation. However, this 
approach has negative side effects. It increases the timing 
and complexity of the cache control logic to be able to 
handle the cancelled in-flight operation. For example, in the 
example above, the L1 cache must delay overwriting the 
castout line with the new line until it is informed by the L2 
that it is safe to do so. The longer the L1 must wait to 
overwrite the castout line, the more complicated the process 
to back out and/or retry the operation. Also, the added delay 
may adversely affect performance. Furthermore, the added 
communication between the caches in the form of cancel 
lation and handshaking may take place on signals between 
the two caches that are relatively long and have significant 
propagation delay if the two cache blocks are a relatively 
great distance from one another, which may consequently 
create critical timing paths. 
0017. Therefore, what is needed is a cache that internally 
handles the effects of an external Snoop that collides with an 
in-flight operation rather than killing it. 

SUMMARY 

0018. The present invention provides a cache memory 
that detects collisions between an externally Snooped trans 
action and an in-flight operation and internally handles the 
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collision rather than canceling the in-flight operation. 
Accordingly, in attainment of the aforementioned object, it 
is a feature of the present invention to provide a multi-pass 
cache memory in a microprocessor. The cache memory 
includes a tag array that receives a Snoop query temporally 
between a query pass and a finish pass of an operation. The 
operation transfers a cache line between the cache memory 
and another cache memory in the microprocessor. The Snoop 
query includes a Snoop address. The cache also includes 
control logic, coupled to the tag array, which detects a 
collision between the Snoop address and an address of the 
cache line. The control logic allows the finish pass to 
complete by updating the tag array, rather than canceling the 
finish pass, in response to detection of the collision. 
0019. In another aspect, it is a feature of the present 
invention to provide a second level (L2) cache memory in a 
microprocessor for internally handling a Snoop operation 
received in response to a transaction Snooped on an external 
bus of the microprocessor and whose address collides with 
an in-flight operation transferring a cache line between the 
L2 cache and another cache in the microprocessor, rather 
than canceling the in-flight operation. The L2 cache includes 
Snoop collision logic that generates a Snoop tag status based 
on an in-flight tag status of the in-flight operation and based 
on detection of an address collision between the Snoop 
operation and the in-flight operation. The L2 cache also 
includes Snoop action logic, coupled to the Snoop collision 
logic, which generates a Snoop action based on the Snoop tag 
status. The Snoop action updates a cache coherency status of 
the cache line after the in-flight operation updates the cache 
coherency status to the in-flight tag status. 
0020. In another aspect, it is a feature of the present 
invention to provide a method for a first cache to internally 
handle a Snoop operation implicating a cache line that is 
in-flight between a second cache and the first cache, rather 
than the first cache canceling the in-flight operation. The 
method includes querying a tag array of the first cache for a 
first status of the cache line by the in-flight operation, 
querying the tag array for a second status of the cache line 
by the Snoop operation, and updating the tag array with a 
third status for the cache line by the in-flight operation, after 
querying for the second status. The method also includes 
generating a fourth status based on the second and third 
status and based upon detection of an address collision 
between the Snoop operation and the in-flight operation. The 
method also includes updating the tag array with the fourth 
status for the cache line by the Snoop operation, after 
updating with the third status, whereby cancellation of the 
in-flight operation is avoided. 
0021. An advantage of the present invention is that the 
cache advantageously keeps the results of the Snoop colli 
sion completely contained within itself. This potentially 
improves processor cycle timing, particularly by eliminating 
the problems associated with inter-cache communications 
across the processor integrated circuit previously needed by 
the conventional approach to handle a cancellation of an 
in-flight operation whose address collided with an external 
Snoop operation. Additionally, it reduces the complexity of 
other caches in the processor that initiate the in-flight 
operation. 
0022. Other features and advantages of the present inven 
tion will become apparent upon study of the remaining 
portions of the specification and drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a block diagram illustrating a cache 
hierarchy in a microprocessor according to the present 
invention. 

0024 FIG. 2 is a block diagram of the L2 cache of FIG. 
1 according to the present invention. 
0025 FIG. 3 is a block diagram of the L2 cache of FIG. 
1 describing the control logic of FIG. 2 according to the 
present invention in more detail. 
0026 FIG. 4 is a block diagram illustrating the Snoop 
action queue of FIG. 2 according to the present invention. 
0027 FIG. 5 is a flowchart illustrating operation of the 
L2 cache of FIG. 1 to internally handle a collision between 
a Snoop operation generated by an externally Snooped trans 
action and an in-flight operation according to the present 
invention. 

0028 FIG. 6 is a related art timing diagram illustrating 
an example of operation of a conventional L2 cache can 
celing an in-flight operation with which a Snoop collides. 
0029 FIG. 7 is a timing diagram illustrating operation of 
L2 cache of FIG. 1 according to the flowchart of FIG. 5 
according to the present invention. 

DETAILED DESCRIPTION 

0030) Referring now to FIG. 1, a block diagram illus 
trating a cache hierarchy in a microprocessor 100 according 
to the present invention is shown. 
0031 Microprocessor 100 comprises a cache hierarchy 
that includes a level-one instruction (L1 I) cache 102, a 
level-one data (L1D) cache 104, and a level-two (L2) cache 
106. The L1 I 102 and L1D 104 cache instructions and data, 
respectively, and L2 cache 106 caches both instructions and 
data, in order to reduce the time required for microprocessor 
100 to fetch instructions and data. L2 cache 106 is between 
the system memory and the L1I 102 and L1D 104 in the 
memory hierarchy of the system. The L1I 102, L1D 104, and 
L2 cache 106 are coupled together. The L1I 102 and L2 
cache 106 transfer cache lines between one another, and the 
L1D 104 and L2 cache 106 transfer cache lines between one 
another. For example, the L1 I 102 and L1D 104 may castout 
cache lines to or load cache lines from L2 cache 106. 

0032 Microprocessor 100 also includes a bus interface 
unit 108 coupled to the L1 I 102, L1D 104, and L2 cache 106. 
Bus interface unit 108 couples caches 102-106 and other 
functional blocks in the microprocessor 100 to a processor 
bus 112. Processor bus 112 couples microprocessor 100 to 
other system components, such as other microprocessors, 
I/O devices, and memory devices, such as system memory. 
Microprocessor 100 and the other devices perform bus 
transactions on processor bus 112 in order to perform data 
transfers and to accomplish cache coherence. 
0033 Bus interface unit 108 generates transactions on 
processor bus 112 in response to requests from functional 
blocks within the microprocessor 100, such as the caches 
102-106. For example, if L2 cache 106 receives a read 
request from another block in microprocessor 100 that 
misses in L2 cache 106, then L2 cache 106 requests bus 
interface unit 108 to initiate a transaction on processor bus 
112 to read the implicated missing cache line from processor 
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bus 112. Similarly, if L2 cache 106 needs to write a line to 
system memory, L2 cache 106 will request bus interface unit 
108 to generate a transaction on processor bus 112 to write 
the line to processor bus 112. 
0034. In addition, bus interface unit 108 monitors the 
transactions on processor bus 112 and reflects the transac 
tions to caches 102-106. In particular, if bus interface unit 
108 sees an invalidating transaction or transactions that read 
or write memory on the processor bus 112, the interface unit 
108 reflects the transaction in the form of a Snoop operation 
request to caches 102-106. 
0035) The cache hierarchy of the microprocessor 100 of 
FIG. 1 is representative of a microprocessor employing the 
present invention; however, the present invention is not 
limited to the embodiment of FIG. 1. Rather, the present 
invention may be employed in any cache hierarchy configu 
ration in which two caches transfer data between one 
another, and in which the caches may receive an address 
colliding Snoop operation while the transfer is in progress, 
i.e., while the transfer is in-flight. Advantageously, L2 cache 
106 of the present invention internally handles the effects of 
a Snoop operation generated by a transaction on processor 
bus 112 whose address collides with an in-flight transfer, 
rather than canceling the in-flight operation as in the con 
ventional approach. 
0036 Referring now to FIG. 2, a block diagram of L2 
cache 106 of FIG. 1 according to the present invention is 
shown. 

0037 L2 cache 106 includes a data array 208. Data array 
208 comprises an array of storage elements for storing cache 
lines. Data array 208 receives a memory address 212 that 
indexes into data array 208 to select one of the storage 
elements in the array. Data array 208 outputs the cache line 
selected by address 212 on data output 218. In particular, 
data array 208 stores cache lines transferred between L2 
cache 106 and L1 caches 102-104. 

0038 L2 cache 106 also includes a tag array 206. Tag 
array 206 comprises an array of storage elements for storing 
state information regarding the cache lines stored in data 
array 208. The state information includes cache coherency 
status information. In one embodiment, the cache coherency 
information comprises MESI state information, or status. 
Tag array 206 also receives address 212 that indexes into tag 
array 206 to select one of the storage elements in the array. 
Tag array 206 outputs the status selected by address 212 on 
status output 216. 

0.039 L2 cache 106 also includes control logic 202 
coupled to data array 208 and tag array 206. Control logic 
202 is also coupled to L1I 102, L1D 104, and bus interface 
unit 108 and receives operation requests from them and 
generates responses to them. Control logic 202 controls the 
operation of L2 cache 106, as will be described in more 
detail with respect to the remaining figures. 

0040 L2 cache 106 is a multi-pass cache. That is, most 
operations require two or more passes through L2 cache 106 
in order to complete. The first pass through L2 cache 106 
reads tag status 216 from tag array 206, and may also read 
data 218 from data array 208 if the operation is a read type 
operation. The first pass of an operation is also referred to as 
a query pass because the cache line status 216 is queried 
from tag array 206. The second and any needed Subsequent 
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passes through L2 cache 106 are finish passes, also referred 
to as action passes or update passes, because they update 
cache line status in tag array 206, and may also write data 
to data array 208 if the operation is a write type operation. 
Finish passes of Snoop operations are referred to as Snoop 
actions. 

0041 L2 cache 106 also includes a snoop action queue 
204 coupled to control logic 202. Snoop action queue 204 
stores Snoop actions to be performed by L2 cache 106. 
Snoop actions are generated by control logic 202. Operation 
of Snoop action queue 204 will be described in more detail 
with respect to the remaining figures. 
0.042 Referring now to FIG. 3, a block diagram of L2 
cache 106 of FIG. 1 describing control logic 202 of FIG. 2 
according to the present invention in more detail is shown. 
L2 cache 106 of FIG. 3 comprises control logic 202, Snoop 
action queue 204, tag array 206, and data array 208 of FIG. 
2. In one embodiment, L2 cache 106 is a pipelined cache. In 
the embodiment of FIG. 3, the L2 cache 106 pipeline 
comprises four stages, denoted J-stage 322. K-Stage 324. 
L-stage 326, and M-stage 328. Tag array 206 and data array 
208 each include the four stages J through M322-328. 
0043 Control logic 202 comprises an arbiter 302. Arbiter 
302 receives a plurality of requester inputs requesting access 
to L2 cache 106. One requester is a snoop query 336. Bus 
interface unit 108 of FIG. 1 generates Snoop query 336 
requests in response to Snooped transactions on external 
processor bus 112 of FIG. 1. 
0044 Another set of requesters includes new operations 
334. New operation 334 requests comprise the query pass of 
L2 cache 106 operations other than Snoop queries 336 of 
Snoop operations. In one embodiment, new operations com 
prise a load operation from L1D 104, a load operation from 
L1I 102, a castout operation from L1D 104, a castout 
operation from L1I 102, and a store operation from L1D 
104. An L1D load operation comprises a transfer of data 
from L2 cache 106 to L1D 104. An L1 I load operation 
comprises a transfer of data from L2 cache 106 to L1I 102. 
An L1D castout operation comprises a transfer of a cache 
line from L1D 104 to L2 cache 106. An L1 I castout 
operation comprises a transfer of a cache line from L1I 102 
to L2 cache 106. An L1D store operation comprises a 
transfer of data from L1D 104 to L2 cache 106. 

0045 Another requester is a snoop action 338. Snoop 
actions 338 are generated by Snoop action generation logic 
314 described below in response to a Snoop query pass 
reaching the bottom of the L2 cache 106 pipeline. 
0046) Another set of requesters includes finish operations 
332. Finish operations 332 comprise the finish pass of L2 
cache 106 operations other than snoop actions 338 of Snoop 
operations. In one embodiment, finish operations 332 com 
prise an L1 load finish, an L1 castout finish, an L1 store 
finish, and an L2 castout. An L1 load finish comprises a 
finish pass of an L1D or L1 I load operation. An L1 castout 
finish comprises a finish pass of an L1D or L1 I castout 
operation. An L1 store finish comprises a finish pass of an 
L1D store operation. An L2 castout comprises L2 cache 106 
casting out to system memory a victim cache line allocated 
by L2 cache 106 for replacement in response to a write type 
operation to L2 cache 106. 
0047. An operation is in-flight if a Snoop query with a 
colliding address enters the L2 cache 106 pipeline after the 
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operation’s query pass but before the operation’s last finish 
pass. A Snoop operation may also be an in-flight operation if 
a second Snoop query with a colliding address enters the L2 
cache 106 pipeline after the first snoop query but before the 
first Snoop action. 

0.048 Arbiter 302 selects one of requesters 332-338 to 
have access to tag array 206 and data array 208 based on a 
priority scheme. That is, arbiter 302 selects one of requesters 
332-338 to provide its memory address 212 to tag array 206 
and data array 208. Additionally, if the requester 332-338 
winning arbitration is a finish pass, it provides its update 
status 342, or in-flight status 342, to tag array 206. The 
update status 342 specifies the status to which an in-flight 
operation will Subsequently update the cache coherence 
status in the tag array 206 for the cache line specified by 
address 212. The in-flight status, or update status, is included 
in each finish operation 332 and snoop action 338. Finally, 
if the requester 332-338 winning arbitration is a write type 
operation, it provides its data on data signals 344 to data 
array 208. The operation type of the operating winning 
arbitration is specified on operation type signal 346. The 
operation type 346 specifies one of the eleven operations 
listed in Table 1 below. In one embodiment, the priority 
scheme of operation types used by arbiter 302 is predeter 
mined as shown in Table 1 below. 

TABLE 1. 

Snoop query 
L1 Load finish 
L2 castout 
L1 castout finish 
L1 store finish 
Snoop action 
L1D Load 
L11 Load 
L1D castout 
L1 I castout 
L1D store 

finish pass of in-flight operations 

new operations 

X 

f 
X 

f 

0049. As shown, Snoop actions 338 are the lowest prior 
ity requester of the finish passes, i.e., Snoop actions 338 are 
lower priority than finish operations 332. Finish operations 
332 and Snoop actions 338 are higher priority than any new 
operation 334 other than a Snoop query 336. 

0050 Control logic 202 also includes an operation pipe 
line 304 coupled to arbiter 302. Operation pipeline 304 
comprises four stages of storage elements for storing opera 
tions selected by arbiter 302 as they proceed through cor 
responding stages of the tag array 206 and data array 208 of 
the L2 cache 106 pipeline. Each stage of the operation 
pipeline 304 stores a memory address 356, an operation type 
364, and an in-flight status 362, or update status 362. The 
memory addresses 356 are piped down from memory 
address 212. The operation types 364 are piped down from 
operation type 346. The in-flight statuses 362 are piped 
down from update status 342. 
0051 Control logic 202 also includes a plurality of 
address comparators 306 coupled to operation pipeline 304. 
Address comparators 306 receive the memory addresses 356 
from each of the operation pipeline 304 stages. In addition, 
address comparators 306 receive the memory addresses 352 
of operations that are currently arbitrating via arbiter 302 for 
access to L2 cache 106. Finally, address comparators 306 
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also receive a victim address 354. Victim address 354 is the 
memory address of a cache line associated with an L1 
castout operation, i.e., an operation allocating a new cache 
line. Address comparators 306 compare the various 
addresses received to determine whether any address colli 
sions have occurred between a Snoop query 336 address and 
any of the other addresses received by address comparators 
306, as described in more detail with respect to Table 2 
below. Address comparators 306 indicate the presence of an 
address collision via address collision signals 348. In one 
embodiment, an address collision is a match between the 
most significant bits of the Snoop address and the in-flight 
operation address required to specify a cache line. 
0.052 Control logic 202 also includes snoop collision 
logic 308 coupled to address comparators 306. Snoop col 
lision logic 308 receives address collision signals 348. 
Additionally, Snoop collision logic 308 receives tag status 
216 from tag array 206, in-flight status values 362 from each 
of the operation pipeline 304 stages, and in-flight status 366 
from operations arbitrating for L2 cache 106 via arbiter 302. 
Furthermore, Snoop collision logic 308 receives operation 
types 364 from each of the operation pipeline 304 stages, as 
well as operation types 368 from operations arbitrating for 
L2 cache 106 via arbiter 302. Finally, Snoop collision logic 
308 receives a victim valid signal 372, which indicates 
whether or not victim memory address 354 is valid, i.e., 
whether the victim of an allocation is valid. 

0053 Control logic 202 also includes a snoop tag status 
312 coupled to Snoop collision logic 308. Snoop collision 
logic 308 generates Snoop tag status 312 in response to the 
various inputs received. Snoop tag status 312 is used to 
generate Snoop actions and bus actions, as described below. 
The equation of Table 2 below describes how snoop colli 
sion logic 308 generates Snoop tag status 312, denoted 
EsnpTagStatus M1:0). 
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0055 ESnp M is one of operation type signals 364 and, 
if true, indicates that an external Snoop query type operation 
is in M-stage 328. 

0056 L2MEqL P is one of address collision signals 348 
and, if true, indicates that the memory address 356 of the 
operation or action in M-stage 328 equals the memory 
address 356 of the operation in L-stage 326. L2MEqK P is 
one of address collision signals 348 and, if true, indicates 
that the memory address 356 of the operation or action in 
M-stage 328 equals the memory address 356 of the opera 
tion in K-Stage 324. Ll LdEin L is one of operation type 
signals 364 and, if true, indicates that an L1 load finish type 
operation is in L-stage 326. L1LdFin K is one of operation 
type signals 364 and, if true, indicates that an L1 load finish 
type operation is in K-stage 324. L1 LdFinReq P is one of 
arbitrating operation type signals 368 and, if true, indicates 
that an L1 load finish type operation is arbitrating via arbiter 
302 for access to L2 cache 106. L1LdFinEqM P is one of 
address collision signals 348 and, if true, indicates that the 
memory address 352 of an arbitrating L1 load finish opera 
tion equals the memory address 356 of the operation in 
M-stage 328. L1StFin L is one of operation type signals 364 
and, if true, indicates that an L1 store finish type operation 
is in L-stage 326. L1 StFin K is one of operation type signals 
364 and, if true, indicates that an L1 store finish type 
operation is in K-stage 324. L1 StFinReq P is one of arbi 
trating operation type signals 368 and, if true, indicates that 
an L1 store finish type operation is arbitrating via arbiter 302 
for access to L2 cache 106. L1 StFinEqM P is one of address 
collision signals 348 and, if true, indicates that the memory 
address 352 of an arbitrating L1 store finish operation equals 
the memory address 356 of the operation in M-stage 328. 
L1 StEin WrStatus L1:0) is one of in-flight status signals 
362 and indicates the cache coherence status value to which 
an L1 store finish operation in L-stage 326 will be updating 

TABLE 2 

ESnpTagStatuS M1:O = 

ESnp M & L1LdFin L & L2MEqL P 2'bOO : 
ESnp M & L1LdFin K & L2MEqK P 2'bOO : 
ESnp M & L1LdFinReq P & L1LdFinEqM 2'bOO : 
ESnp M & L1StFin L & L2MEqL P ? L1StFinWrStatus L1:O: 
ESnp M & L1StFin K & L2MEqK P ? L1StFinWrStatUS K1:O: 
ESnp M & L1StFinReq P & L1StFinEqM P 
ESnp M & L1COFinLast L & L2MEqL P 
ESnp M & L1COFinLast K & L2MEqK P 
ESnp M & L1COFinReq P & L1COFinEqM P 
ESnpVicCollEarly M 2'bOO : 
ESnp H & L1COFinReq P & L1COFinVicVld P 

& L2COEqM P 2'bOO : 
ESnp M & ESnpFin L & L2MEqL P 2'bOO 
ESnp M & ESnpFin K & L2MEqK P 2'bOO 
ESnp M & ESnpFinReq P & ESnpFinEqM P 2'bOO 
HitStatus M1:O: 

0054. In general, signals with a J, K, L, or M suffix 
correspond to the J-stage 322. K-Stage 324, L-stage 326, or 
M-stage 328 of the L2 cache 106 pipeline, respectively. 
Signals with the P suffix are non-stage-specific. The status 
values in Table 2 correspond to the MESI state values as 
follows: 2"b11=Modified: 2"b10=Exclusive; 2b01=Shared; 
2b00=Invalid. The signals in the equation of Table 2 are 
defined as follows. 

? L1StFinWrStatUS P1:O: 
? L1COFinWrStatUS L1:0: 
? L1COFinWrStatus K1:O: 
? L1COFinWrStatUS P1:O: 

tag array 206. L1 StFinWrStatus K1:0) is one of in-flight 
status signals 362 and indicates the cache coherence status 
value to which an L1 store finish operation in K-stage 324 
will be updating tag array 206. L1StFinWrStatus P1:0) is 
one of arbitrating in-flight status signals 366 and indicates 
the cache coherence status value to which an L1 store finish 
operation arbitrating via arbiter 302 will be updating tag 
array 206. L1COFinlast L is one of operation type signals 
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364 and, if true, indicates that the last pass of an L1 castout 
finish type operation is in L-stage 326. L1COFinlast K is 
one of operation type signals 364 and, if true, indicates that 
the last pass of an L1 castout finish type operation is in 
K-stage 324. L1COFinReq P is one of arbitrating operation 
type signals 368 and, if true, indicates that an L1 castout 
finish type operation is arbitrating via arbiter 302. 
L1COFinEqM P is one of address collision signals 348 and, 
if true, indicates that the memory address 352 of an arbi 
trating L1 castout finish operation equals the memory 
address 356 of the operation in M-stage 328. 
L1COFinVicVld P is victim valid signal 372. 
L1COFinWrStatus L1:0) is one of in-flight status signals 
362 and indicates the cache coherence status value to which 
an L1 castout finish operation in L-stage 326 will be 
updating tag array 206. L1COFinWrStatus K1:0) is one of 
in-flight status signals 362 and indicates the cache coherence 
status value to which an L1 castout finish operation in 
K-stage 324 will be updating tag array 206. 
L1COFinWrStatus P1:0) is one of arbitrating in-flight sta 
tus signals 366 and indicates the cache coherence status 
value to which an L1 castout finish operation arbitrating via 
arbiter 302 will be updating tag array 206. L2COEqM P is 
one of address collision signals 348 and, if true, indicates 
that L1 castout allocation victim memory address 354 equals 
the memory address 356 of the operation in M-stage 328. 
ESnpFin L is one of operation type signals 364 and, if true, 
indicates that a Snoop finish, or Snoop action, type operation 
is in L-stage 326. ESnpFin K is one of operation type 
signals 364 and, if true, indicates that a Snoop finish, or 
Snoop action, type operation is in K-Stage 324. ESnpFin 
Req P is one of arbitrating operation type signals 368 and, 
if true, indicates that a Snoop action type operation is 
arbitrating via arbiter 302 for access to L2 cache 106. 
ESnpFinEqM P is one of address collision signals 348 and, 
if true, indicates that the memory address 352 of an arbi 
trating Snoop finish operation equals the memory address 
356 of the operation in M-stage 328. 
0057. HitStatus M1:0) is tag status 216 output of tag 
array 206. As may be seen from the equation of Table 2, if 
no address collisions between a Snoop query and an in-flight 
operation are present, then the default value of Snoop tag 
status 312, denoted EsnpTagStatus M1:0 in Table 2, is tag 
status 216, denoted HitStatus M1:0). 
0.058 ESnpVicCollEarly M is a signal generated internal 
to Snoop collision logic 308 for use in generating EsnpTag 
Status M1:0). ESnpVicCollEarly M, if true, indicates that 
a Snoop query is in M-stage 328 that, when it was previously 
in K-stage 324 or L-stage 326, collided with a valid victim 
address 354 of an L1 castout victim that will be overwritten 
by an L1 castout operation whose finish pass is arbitrating 
via arbiter 302. Snoop collision logic 308 generates ESn 
pVicCollEarly M by storing in a register the term (ESnp K 
& L1COFinReq P & L1COFinVicVld P & L2COEqK P) 
while the Snoop query is in K-Stage 324, then logically 
ORing the registered value with the term (ESnp L & 
L1COFinReq P & L1COFinVicVld P & L2COEqL P) 
while the Snoop query is in L-stage 326, then storing the 
result in a register, then outputting the second registered 
value when the snoop query reaches M-stage 328. ESnp K 
is one of operation type signals 364 and, if true, indicates 
that an external Snoop query type operation is in K-Stage 
324. ESnp L is one of operation type signals 364 and, if 
true, indicates that an external Snoop query type operation is 
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in L-stage 326. L2COEqK P is one of address collision 
signals 348 and, if true, indicates that L2 castout allocation 
victim memory address 354 equals the memory address 356 
of the operation in K-stage 324. L2COEqL P is one of 
address.collision signals 348 and, if true, indicates that L2 
castout allocation victim memory address 354 equals the 
memory address 356 of the operation in L-stage 326. 

0059) As may be observed from Table 2, both the tag 
status 216 of a Snoop query reaching the bottom of L2 cache 
106 pipeline and the in-flight status 362 and 366 of finish 
passes of operations in the pipeline or arbitrating for the 
pipeline, respectively, are factored into the generation of 
Snoop tag status 312. Advantageously, the present invention 
uses the intermediate Snoop tag status 312 to generate a 
Snoop action for updating the cache coherency status of the 
cache line implicated by the colliding address and for 
generating a bus action for responding to the external Snoop 
transaction on processor bus 112 of FIG. 1, as described 
below, thereby avoiding cancellation of the in-flight opera 
tion which the conventional method does. 

0060 Control logic 202 also includes Snoop action gen 
eration logic 314 coupled to Snoop tag status 312. Snoop 
action generation logic 314 generates Snoop actions based 
on Snoop tag status 312. Snoop actions generated by Snoop 
action generation logic 314 are stored in Snoop action queue 
204 of FIG. 2 for provision to arbiter 302 via Snoop action 
signal 338. A Snoop action comprises three components, as 
illustrated by FIG. 4. 

0061 Referring now to FIG. 4, a block diagram illus 
trating Snoop action queue 204 of FIG. 2 according to the 
present invention is shown. The Snoop action queue 204 of 
FIG. 4 is populated with exemplary values for illustrative 
purposes. Snoop action queue 204 comprises a queue of 
storage elements. Each storage element contains a valid bit 
402, a memory address 404, Snoop update status bits 406, 
and a provide data bit 408. 

0062 Valid bit 402 indicates whether the entry in Snoop 
action queue 204 contains a valid Snoop action. Once a valid 
entry in Snoop action queue 204 is output and provided to 
arbiter 302 and wins arbitration, the entry is marked invalid 
until a new valid Snoop action is stored in the entry. Address 
404 specifies the memory address of the cache line impli 
cated by the Snoop operation. Address 404 is supplied via 
address 356 of FIG. 3 from M-stage 328. Snoop update 
status 406 stores the cache coherency status to which the 
Snoop action will update tag array 206 for the cache line 
specified by address 404. In one embodiment, Snoop update 
status 406 comprises one of the four MESI state values. 
Provide data bit 408 specifies whether or not the Snoop 
action in the entry will provide data from data array 208, 
Such as a modified cache line requested by the external 
Snoop transaction on processorbus 112. Snoop update status 
406 and provide data bit 408 are generated according the 
description of Table 3 below. 

0063 Referring again to FIG. 3, the equation of Table 3 
below describes how Snoop action generation logic 314 
generates Snoop actions stored in Snoop action queue 204. 
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TABLE 3 

ESnpFinLd = (ESnp M & ESnpTagStatus 1) (ESnp M & 
ESnpTagStatus OI); 
ESnpProvideData = ESnp M & ESnpTagStatus 1 & ESnpTagStatus Ol: 
ESnpUpdateStatus1 = 1"b0; update to either Shared or Invalid 
ESnpUpdateStatus O = ESnp M & ShCK & 

((ESnpTagStatus 1 & -ESnpTagStatus OI) 
(-ESnpTagStatus 1 & ESnpTagStatus O)); 

if E status 
if S status 

0064 ESnpFinld, if true, instructs Snoop action queue 
204 to load the Snoop finish pass, or Snoop action, generated 
by Snoop action generation logic 314. As may be seen, Snoop 
action queue 204 loads a Snoop action if Snoop tag status 312 
is Modified, Exclusive, or Shared, but not if snoop tag status 
312 is Invalid. 

0065. As may be seen from Table 3, a snoop action 
provides data only if the implicated cache line had a Modi 
fied status. 

0.066 As may be seen from Table 3. L2 cache 106 allows 
cache lines to be shared if the implicated cache line was in 
the Exclusive or Shared state already. In another embodi 
ment, the equation for the snoop update status 406 of FIG. 
4 is: ESmpUpdateStatus=2b00. That is, L2 cache 106 invali 
dates a cache line implicated by a Snoop collision and does 
not enable sharing of the cache line. 
0067. ShOK is a signal from processor bus 112 of FIG. 
1 indicating the external Snoop transaction allows micro 
processor 100 to retain the implicated cache line in the 
Shared State, such as for an instruction read rather than an 
invalidating Snoop transaction. 

0068 Control logic 202 also includes bus action genera 
tion logic 316 coupled to Snoop tag status 312 and to bus 
interface unit 108 of FIG.1. Bus action generation logic 316 
generates a bus action 374 for provision to bus interface unit 
108 based on Snoop tag status 312. The bus action 374 
instructs bus interface unit 108 how to respond on processor 
bus 112 to the external Snoop transaction that caused bus 
interface unit 108 to generate the Snoop operation for which 
the Snoop tag status 312 was generated. 

0069 Control logic 202 also includes finish pass genera 
tion logic 318 coupled to tag array 206 and operation 
pipeline 304. Finish pass generation logic 318 generates 
finish passes, or finish actions, for new operations 334, i.e., 
for non-Snoop operations. In one embodiment, finish pass 
generation logic 318 generates L1 load finish, L1 castout 
finish, L1 store finish, and L2 castout passes, or operations. 
The finish operations 332 include update status for updating 
tag array 206, a memory address for indexing tag array 206 
and data array 208, an operation type, and data if the finish 
operation is a write, all of which are provided on signals 342, 
212,346, and 344, respectively, when the finish operation is 
selected by arbiter 302. 
0070 Control logic 202 also includes a finish action 
queue 382 coupled to finish pass generation logic 318. 
Finish action queue 382 receives finish actions from finish 
pass generation logic 318 and stores the finish actions for 
provision to arbiter 302 on finish pass signal 332. 
0071 Referring now to FIG. 5, a flowchart illustrating 
operation of the L2 cache 106 of FIG. 1 to internally handle 
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a collision between a Snoop operation generated by an 
externally Snooped transaction and an in-flight operation 
according to the present invention is shown. Flow begins at 
block 502. 

0072 At block 502, arbiter 302 of FIG. 3 selects a new 
operation 334 of FIG. 3 to award access to the L2 cache 106 
and enters the J-stage 322 of the pipeline of FIG. 3. That is, 
the new operation 334 memory address 212 is presented to 
tag array 206, data array 208, and operation pipeline 304 of 
FIG. 3, and the new operation 334 operation type 346 is 
provided to operation pipeline 304. Flow proceeds to block 
SO4. 

0073. At block 504, arbiter 302 receives a snoop query 
operation 336 of FIG.3 from bus interface unit 108 of FIG. 
1, and the snoop query operation 336 arbitrates for access to 
L2 cache 106. The bus interface unit 108 generates the Snoop 
query 336 in response to an external transaction Snooped on 
processor bus 112 of FIG. 1. Flow proceeds to block 506. 
0074 At block 506, the new operation 334 reaches the 
bottom of the pipeline, i.e., reaches M-stage 328 and obtains 
tag status 216 from tag array 206. The new operation 334 is 
now an in-flight operation since a colliding Snoop query has 
entered the L2 cache 106 pipeline before the last finish pass 
of the new operation 334. Finish pass generation logic 318 
generates a finish pass of the in-flight operation, which 
includes in-flight status for updating tag array 206, based on 
obtained tag status 216 and operation type 364. Flow pro 
ceeds to block 508. 

0075). At block 508, finish action queue 382 provides the 
finish pass 332 of the in-flight operation generated during 
block 506 to arbiter 302 and the in-flight operation arbitrates 
via arbiter 302. Flow proceeds to block 512. 
0076. At block 512, the snoop query reaches M-stage 
328. Snoop collision logic 308 detects an address collision 
between the Snoop operation and the in-flight operation. 
Flow proceeds to block 514. 
0077. At block 514, Snoop collision logic 308 generates 
Snoop tag status 312 based on tag status 216 received from 
tag array 206 by the Snoop query and based on the relevant 
in-flight status 362 of the in-flight operation as described 
above with respect to Table 2. Flow proceeds to block 516. 
0078. At block 516, Snoop collision logic 308 generates 
a Snoop action 338 for storage in Snoop action queue 204 
based on Snoop tag status 312 according to Table 3 as 
described above. The Snoop action 338 includes a Snoop 
update status for updating tag array 206. Flow proceeds to 
block 518. 

0079 At block 518, the Snoop action 338 generated 
during block 516 arbitrates for access to L2 cache 106 via 
arbiter 302. Flow proceeds to block 522. 
0080. At block 522, the finish pass of the in-flight opera 
tion updates tag array 206 with its in-flight status on update 
status signal 342. Additionally, if the in-flight operation is a 
write type operation, it writes the data to data array 208 on 
data signal 344. Flow proceeds to block 524. 
0081. At block 524, the Snoop action 338 updates tag 
array 206 with the Snoop update status generated during 
block 516. Additionally, if the provide data field 408 of the 
Snoop action 338 indicates that the Snoop operation is to 



US 2006/0064552 A9 

provide data to the external Snoop transaction on processor 
bus 112, then the snoop action 338 obtains the data from data 
array 208 on data signals 218 for provision to bus interface 
unit 108. Flow proceeds to block 526. 
0082. At block 526, bus action generation logic 316 
generates a bus action 374 based on Snoop tag status 312. In 
one embodiment, block 526 occurs substantially concur 
rently with block 516. Flow proceeds to block 528. 
0083. At block 528, bus interface unit 108 answers the 
external Snoop transaction on processor bus 112 with the bus 
action 374 generated during block 526, which may include 
providing data obtained during block 524. Flow ends at 
block 528. 

0084 Various timing diagrams will now be described for 
illustrating the present invention. In order to more fully 
appreciate the present invention, a timing diagram illustrat 
ing operation of a conventional L2 cache will first be 
discussed. 

0085. Referring now to FIG. 6, a related art timing 
diagram illustrating an example of operation of a conven 
tional L2 cache canceling an in-flight operation with which 
a Snoop collides is shown. The example assumes a four-stage 
pipeline in the conventional L2 cache similar to the stages of 
L2 cache 106 of FIG. 3. The example also assumes the 
conventional L2 cache is a multi-pass cache. The timing 
diagram comprises nine columns corresponding to nine 
Successive clock cycles and four rows corresponding to the 
four pipeline stages of the conventional L2 cache denoted J. 
K, L, and M. Each entry in the diagram shows the contents 
of the specified pipeline stage during the specified clock 
cycle. 

0086. In the example of FIG. 6, a conventional L2 cache 
receives a store operation having a memory address A 
initiated by another cache in a conventional microprocessor, 
Such as an L1 cache. The store operation to address A is 
followed by a Snoop operation having the same memory 
address A while the store operation is still in progress, thus 
generating a collision between the store operation and the 
Snoop operation. In the example, the Snoop operation is an 
invalidating Snoop operation, i.e., the external Snoop trans 
action on the processor bus was an invalidating transaction, 
Such as a write invalidate or read invalidate transaction. 

0087. During clock cycle 1, a query pass of the store 
operation, denoted StO A, proceeds into pipeline stage J. 
During clock cycle 2, a query pass of the Snoop operation, 
denoted SnpO A, proceeds into the pipeline after the store 
query. During clock cycle 3, both operations proceed down 
the pipeline to the next stage. 
0088. During clock cycle 4, the store query reaches the 
bottom of the pipeline and the cache provides a tag status of 
Exclusive for the cache line specified by address A. If no 
collision were present with the Snoop query, then a finish 
pass for the store operation would proceed to update the 
cache line at address A to a status of Modified and write the 
data into the cache. However, because the cache detects the 
collision between the store query and the Snoop query, the 
conventional cache cancels the store operation. 
0089. During clock cycle 5, the Snoop query reaches the 
bottom of the pipeline and the cache provides a tag status of 
Exclusive for the cache line specified by address A. Because 
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the store operation has been cancelled, Exclusive is the 
correct status of the cache line. That is, the status of the line 
is whatever it would have been if the store operation had 
never been initiated. During clock cycle 6, a Snoop action 
pass for the Snoop operation, denoted Snp AA, enters into the 
J stage of the pipeline. During clock cycles 7 through 9, the 
Snoop action proceeds through the remaining stages of the 
pipeline in order to update the cache line status to Invalid, 
as specified by the external transaction Snooped by the 
cache. 

0090 The conventional L2 cache must cancel the store 
operation as described above. Otherwise a finish pass of the 
store operation would write valid data into the cache and 
update the status to Modified, and then the Snoop action 
would invalidate the line since it received a status of 
Exclusive (having obtained the status before the store finish 
pass updated the status to Modified) indicating that the line 
was not modified. The result would be that the valid store 
data would be lost. Therefore, the conventional L2 cache 
must cancel the store operation so that the Snoop query 
receives the correct status. Canceling the store operation, 
i.e., the in-flight operation, has negative effects as described 
herein. 

0091 Referring now to FIG. 7, a timing diagram illus 
trating operation of L2 cache 106 of FIG. 1 according to the 
flowchart of FIG. 5 according to the present invention is 
shown. As will be seen from FIG. 7, L2 cache 106 of the 
present invention advantageously handles the effects of 
colliding Snoop operations internal to itself, rather than 
canceling the in-flight operation, thereby alleviating the 
negative ramifications of in-flight operation cancellation. 
0092. In the timing diagram of FIG. 7, L2 cache 106 of 
FIG.3 receives an L1D store operation, i.e., a store opera 
tion query having a memory address A on new operation 
signal 334 initiated by L1D 104 of FIG. 1. The store 
operation to address A is followed by a Snoop operation 
having the same memory address A on Snoop query signal 
336 from bus interface unit 108 while the store operation is 
in-flight. The Snoop query generates a collision between the 
store operation and the Snoop operation. In the example, the 
Snoop operation is an invalidating Snoop operation, i.e., the 
external Snoop transaction on processor bus 112 was an 
invalidating transaction, Such as a write invalidate or read 
invalidate transaction. In FIG. 7, the store query pass is 
denoted StOA, the Snoop query pass is denoted SnpOA, and 
the snoop action pass is denoted Snp AA, as in FIG. 6. 
Additionally, a store action pass, or store finish pass of the 
store operation to address A is denoted StAA. 
0093. During cycle 1, arbiter 302 selects the store query 
pass and the store query proceeds into J-stage 322 of FIG. 
3 according to block 502 of FIG. 5. During clock cycle 2, 
the store query proceeds to K-Stage 324 and the Snoop query 
arbitrates for access to L2 cache 106 according to block 504. 
During clock 3, the store query and Snoop query progress to 
the L-stage 326 and K-stage 324, respectively. 
0094. During clock 4, the store query reaches M-stage 
328 and receives from tag array 206 a tag status 216 value 
of Exclusive. Finish pass generation logic 318 receives the 
Exclusive tag status 216 and an L1D store operation type 
364 value from operation pipeline 304 and generates the 
store finish pass, including the update status, or in-flight 
status, based on the obtained tag status 216 and operation 
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type 364 according to block 506. In this case, the in-flight 
status value generated is Modified. 

0095. During clock 5, the store finish arbitrates via arbiter 
302 and proceeds into J-stage 322, according to block 508. 

0096. Also during clock 5. Snoop collision logic 308 
detects a collision between the store operation and the Snoop 
operation, according to block 512. Also, the Snoop query 
reaches M-stage 328 and obtains from tag array 206 a tag 
status 216 value of Exclusive. However, the Exclusive status 
of the line is incorrect, or will be incorrect once the store 
action pass updates the status to Modified during clocks 6 
through 8 as described below. Consequently, Snoop collision 
logic 308 according to the present invention advantageously 
generates a Snoop tag status 312 that is more up to date than 
the incorrect Exclusive tag status 216 value received by the 
Snoop query. That is, Snoop collision logic 308 generates a 
Snoop tag status 312 based on the obtained Snoop query tag 
status 216 and the store action update status value of 
Modified, i.e., in-flight status, as described in Table 2 
according to block 514. In this case, according to Table 2. 
Snoop collision logic 308 generates a Snoop tag status 312 
value of Modified because the snoop query is in M-stage 328 
as indicated by operation type signals 364; the store finish is 
in L-stage 326 as indicated by operation type signals 364; 
the addresses 356 in M-stage 328 and L-stage 326 collideas 
indicated by address collision signals 348; and the in-flight 
store finish update status in L-stage 326 is Modified. 
0097. In response to the generation of the Snoop tag status 
312, Snoop action generation logic 314 generates the Snoop 
action based on Snoop tag status 312 according to Table 3 
and stores the Snoop action in Snoop action queue 204. 
according to block 516. In the example, according to Table 
3, Snoop action generation logic 314 generates a true value 
on the ESnpFinld signal so that a snoop action will be 
loaded into Snoop action queue 204; generates a true value 
for the provide data field 408 since the Snoop tag status 312 
is Modified (2"b11); and generates a Snoop update status 406 
value of Invalid (2b00) since in the example the external bus 
transaction was an invalidating type of transaction, i.e., 
sharing was not allowed. 
0098. During clock 6, the Snoop action arbitrates via 
arbiter 302 and proceeds into J-stage 322, according to block 
518. During clocks 6 through 8, the store action proceeds 
through the K-stage 324, L-stage 326, and M-stage 328 to 
update tag array 206 with the Modified in-flight status value 
and to write the store data into data array 208, according to 
block 522. 

0099. During clocks 7 through 9, the snoop action pro 
ceeds through the K-stage 324, L-stage 326, and M-stage 
328 to update tag array 206 with the Invalid snoop update 
status value, according to block 524. Additionally, during 
clock 9 the Snoop action obtains cache line data on data 
signals 218 from data array 208 if the provide data 408 field 
of the Snoop action indicates the transaction Snooped on 
processor bus 112 should be provided data. In one embodi 
ment, one or more Subsequent action passes may be gener 
ated to obtain the data requested by the transaction Snooped 
on processor bus 112. 
0100. During subsequent clock cycles, bus action gen 
eration logic 316 generates a bus action based on Snoop tag 
status 312 and provides the bus action to bus interface unit 
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108, according to block 526, and bus interface unit 108 
answers the Snooped external transaction with the bus 
action, according to step 528. Advantageously, the bus 
action response back to the Snooped external transaction on 
processor bus 112 can be performed in Subsequent clock 
cycles, and is therefore not timing critical like the signals 
between the L2 cache 106 and the L1 caches 102 and 104. 
Consequently, the Snoop collisions affect only control logic 
internal to L2 cache 106 or affect non-timing-critical logic, 
thereby potentially improving the operating frequency of 
microprocessor 100 and reducing complexity by eliminating 
the need for communication between the caches 102-106 
associated with in-flight operation cancellations. 
0101 Although the present invention and its objects, 
features, and advantages have been described in detail, other 
embodiments are encompassed by the invention. For 
example, although the present invention has been described 
with respect to a write invalidate Snooping protocol, the 
invention is also adaptable to other protocols such as a write 
update protocol. Additionally, although the present inven 
tion has been described with respect to the cache coherence 
status MESI protocol, the invention is also adaptable to other 
cache coherence protocols. Finally, although the L2 cache of 
the present invention has been described in the context of a 
system wherein the L2 is situated between L1 caches and 
system memory, the L2 cache may function at any level in 
the cache hierarchy of a microprocessor in which in-flight 
operations may collide with Snoop operations. 
0102 Those skilled in the art should appreciate that they 
can readily use the disclosed conception and specific 
embodiments as a basis for designing or modifying other 
structures for carrying out the same purposes of the present 
invention without departing from the spirit and scope of the 
invention as defined by the appended claims. 

I claim: 
1. A multi-pass cache memory in a microprocessor, the 

cache memory comprising: 
a tag array, for receiving a Snoop query temporally 

between a query pass and a finish pass of an operation, 
said operation for transferring a cache line between the 
cache memory and another cache memory in the micro 
processor, said Snoop query comprising a Snoop 
address; and 

control logic, coupled to said tag array, for detecting a 
collision between said Snoop address and an address of 
said cache line; 

wherein said control logic allows said finish pass to 
complete by updating said tag array, rather than can 
celing said finish pass, in response to detection of said 
collision. 

2. The cache memory of claim 1, further comprising: 
a data array, coupled to said tag array, for storing a 

plurality of cache lines, wherein said tag array corre 
spondingly stores cache coherency status for said plu 
rality of cache lines stored in said data array. 

3. The cache memory of claim 2, wherein said control 
logic allows said finish pass to complete by selectively 
writing said cache line to said data array or reading said 
cache line from said data array, rather than canceling said 
finish pass, in response to detection of said collision. 
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4. The cache memory of claim 2, wherein said query pass 
comprises a first pass of said operation, wherein said query 
pass obtains first cache coherency status from said tag array 
in response to providing said cache line address thereto. 

5. The cache memory of claim 4, wherein said Snoop 
query comprises a first pass of a Snoop operation, wherein 
said Snoop query obtains second cache coherency status 
from said tag array in response to providing said Snoop 
address thereto. 

6. The cache memory of claim 5, wherein said Snoop 
query obtains said second cache coherency status from said 
tag array Subsequent to said query pass obtaining said first 
cache coherency status from said tag array. 

7. The cache memory of claim 6, wherein said finish pass 
comprises a pass of said operation Subsequent to said query 
pass, for selectively reading said cache line from said data 
array or writing said cache line to said data array based on 
a type of said operation. 

8. The cache memory of claim 7, wherein said type of said 
operation comprises one of a list comprising: 

a) a castout of said cache line from said another cache 
memory to the cache memory; 

b) a store of one or more bytes of data of said cache line 
from said another cache memory to the cache memory; 
and 

c) a load of said cache line from the cache memory to said 
another cache memory. 

9. The cache memory of claim 5, wherein said finish pass 
updating said tag array comprises updating said tag array 
with an update cache coherency status Subsequent to said 
Snoop query obtaining said second cache coherency status. 

10. The cache memory of claim 9, wherein said control 
logic generates a Snoop tag status based on said update cache 
coherency status. 

11. The cache memory of claim 10, wherein said control 
logic generates said Snoop tag status also based on said 
second cache coherency status obtained by said Snoop query. 

12. The cache memory of claim 11, wherein said control 
logic generates a Snoop action based on said Snoop tag 
status, wherein said Snoop action updates said tag array after 
said finish pass updates said tag array. 

13. The cache memory of claim 12, wherein said tag array 
receives said Snoop query from a bus interface unit coupled 
to the cache memory. 

14. The cache memory of claim 13, wherein said bus 
interface unit issues said Snoop query to the cache memory 
in response to Snooping a transaction on a bus external to the 
microprocessor. 

15. The cache memory of claim 14, wherein said control 
logic generates a bus action based on said Snoop tag status, 
wherein said control logic provides said bus action to said 
bus interface unit for response to said external transaction 
Snooped by said bus interface unit. 

16. The cache memory of claim 1, further comprising: 
an arbiter, coupled to said tag array, for selecting one of 

a plurality of requesting operations to grant access to 
said tag array. 

17. The cache memory of claim 16, wherein said arbiter 
selects Snoop queries as highest priority among said plurality 
of requesting operations. 

18. The cache memory of claim 17, wherein said arbiter 
selects finish passes of operations for transferring a cache 
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line between the cache memory and, said another cache 
memory as next highest priority after said Snoop queries 
among said plurality of requesting operations. 

19. The cache memory of claim 18, wherein said arbiter 
selects Snoop actions as next highest priority after said finish 
passes among said plurality of requesting operations. 

20. The cache memory of claim 19, wherein said arbiter 
selects query passes of said operations for transferring a 
cache line between the cache memory and said another 
cache memory as next highest priority after said Snoop 
actions among said plurality of requesting operations. 

21. The cache memory of claim 1, further comprising: 

a plurality of address comparators, comprised in said 
control logic, for detecting said collision between said 
Snoop address and said address of said cache line. 

22. The cache memory of claim 21, wherein said collision 
comprises a match between a plurality of most significant 
bits of said Snoop address and said address of said cache line. 

23. A second level (L2) cache memory in a microproces 
sor for internally handling a Snoop operation received in 
response to a transaction Snooped on an external bus of the 
microprocessor and whose address collides with an in-flight 
operation transferring a cache line between the L2 cache and 
another cache in the microprocessor, rather than canceling 
the in-flight operation, the L2 cache comprising: 

Snoop collision logic, for generating a Snoop tag status 
based on an in-flight tag status of the in-flight operation 
and on detection of an address collision between the 
Snoop operation and the in-flight operation; and 

Snoop action logic, coupled to said Snoop collision logic, 
for generating a Snoop action based on said Snoop tag 
status, said Snoop action for updating a cache coher 
ency status of the cache line after the in-flight operation 
updates said cache coherency status to said in-flight tag 
Status. 

24. The L2 cache of claim 23, wherein said Snoop action 
also selectively provides one or more bytes of data of the 
cache line to the Snooped transaction. 

25. The L2 cache of claim 23, further comprising: 

a tag array, coupled to said Snoop collision logic, for 
storing cache coherency status of a plurality of cache 
lines. 

26. The L2 cache of claim 25, wherein said in-flight 
operation updates said cache coherency status of the cache 
line in said tag array to said in-flight tag status after the 
Snoop operation queries said tag array for said cache coher 
ency status of the cache line. 

27. The L2 cache of claim 26, wherein said Snoop 
collision logic generates said Snoop tag status also based on 
said cache coherency status of the cache line queried by said 
Snoop operation. 

28. The L2 cache of claim 23, wherein said cache coher 
ency status substantially conforms to the MESI cache coher 
ency status protocol. 

29. The L2 cache of claim 23, further comprising: 

bus action generation logic, coupled to said Snoop colli 
sion logic, for generating a bus action based on said 
Snoop tag Status. 
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30. The L2 cache of claim 29, further comprising: between the Snoop operation and the in-flight opera 
a bus interface unit, coupled to said bus action generation ion; and 

logic, for receiving said bus action and responding on 
the external bus to the Snooped transaction based on 
said bus action. 

31. A method for a first cache to internally handle a snoop 
operation implicating a cache line that is in-flight between a 
second cache and the first cache, rather than the first cache 
canceling the in-flight operation, comprising: 

updating said tag array with said fourth status for the 
cache line by the Snoop operation, after said updating 
with said third status, whereby cancellation of the 
in-flight operation is avoided. 

32. The method of claim 31, further comprising: 
updating a data array of the first cache with the cache line 

querying a tag array of the first cache for a first status of 
the cache line by the in-flight operation; 

querying said tag array for a second status of the cache 
line by the Snoop operation; 

updating said tag array with a third status for the cache 
line by the in-flight operation, after said querying for 
said second status; 

generating a fourth status based on said second and third 
status and based upon detection of an address collision 

Substantially in parallel with said updating said tag 
array with said third status. 

33. The method of claim 32, further comprising: 
providing data from the cache line to the snoop operation 

after said updating said data array. 
34. The method of claim 31, further comprising: 
generating a bus action for the Snoop operation based on 

said second and third status and based upon detection 
of said address collision. 
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