
US 20020019913A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0019913 A1 

SHIMIZU ct al. (43) Pub. Date: Feb. 14, 2002 

(54) COHERENCY PROTOCOL Publication Classi?cation 

(51) Int. Cl.7 ................................................... .. G06F 12/00 

(76) Inventors; D_ SHIMIZU, PALO ALTO, CA (Us); (52) US. Cl. ........................ .. 711/141; 711/146; 711/147; 
ANDREW JONES, REDLAND (GB) 711/159; 711/129; 711/133 

Correspondence Address: (57) ABSTRACT 
LISA K JORGENSON ESQ A computer system having a memory system Where at least 
STMICROELECTRONICS INC some of the memory is designated as shared memory. A 
1310 ELECTRONICS DRIVE transaction-based bus mechanism couples to the memory 
MS2346 system and includes a cache coherency transaction de?ned 
CARROLLTON, TX 75006 Within its transaction set. A processor having a cache 

memory is coupled to the memory system through the 
( * ) Notice; This is a publication of a continued pros- transaction based bus mechanism. A system component 

ecution application (CPA) ?led under 37 coupled to the bus mechanism includes logic for specifying 
CFR 1_53(d)_ cache coherency policy. Logic Within the system component 

initiates a cache transaction according to the speci?ed cache 
(21) Appl, No; 09/411,453 policy on the bus mechanism. Logic Within the processor 

responds to the initiated cache transaction by executing a 
(22) Filed: Oct. 1, 1999 cache operation speci?ed by the cache transaction. 

300 
I ...... .. 

.J/ 301 

> REQUEST PACKET 

./-"301 

REQUEST PACKET 

\ H.401 

REQUEST PACKET 

\\ 
REQUESTING RESPONDING 
MODULE PACKET ROUTER 303 MODULE 

1E ’\ 
El " RESPONSE & 

PACKET 

303x‘ 
’ RESPONSE 

PACKET 

RESPONSE 

‘ PACEWW 

303 



Patent Application Publication Feb. 14, 2002 Sheet 1 0f 5 US 2002/0019913 A1 

an \ 

g 052 

row MOwwmOQNE 



Patent Application Publication Feb. 14, 2002 Sheet 2 0f 5 US 2002/0019913 A1 

0P2. nzOw 
_ OPE 

mmugmm 
wmOmDOwmm mom 

> ‘ wll {M11 

mom \2 \ 
mom 

N .UE 



Patent Application Publication Feb. 14, 2002 Sheet 3 0f 5 US 2002/0019913 A1 

mom 

com 

Rio/E, wwzolwwm 
EVGE mwzomwmm w 

\/,/ W 
mom w 

W EVE/E W 
M wwzolwmm \ M 

J lqm M 

W mom m 

$501 55E m 

EVE/R ewwzomm Em \» Ego/E kwmnowm Sm \» 

EVE/E Emnomm Sm\\ . 

New 



Patent Application Publication Feb. 14, 2002 Sheet 4 0f 5 US 2002/0019913 A1 

A » 

mow a/\ 

v 6E 



Patent Application Publication Feb. 14, 2002 Sheet 5 0f 5 US 2002/0019913 A1 

m 6E 

Aoémv mwmEQmE 

wow 
m .OE 

ATov M002 

v 
wow 



US 2002/0019913 A1 

COHERENCY PROTOCOL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates in general to micro 
processor systems and, more particularly, to a system, 
method, and mechanism providing cache coherency in 
microprocessor systems With cache support. 

[0003] 2. Relevant Background 

[0004] Microprocessors manipulate data according to 
instructions speci?ed by a computer program. The instruc 
tions and data in a conventional system are stored in main 
memory Which is coupled to the processor by a memory bus. 
The ability of processors to execute instructions has typi 
cally outpaced the ability of memory subsystems to supply 
instructions and data to the processors. As used herein the 
terms “microprocessor” and “processor” include complete 
instruction set computers (CISC), reduced instruction set 
computers (RISC) and hybrids. 

[0005] Most processors use a cache memory system to 
speed memory access. Cache memory comprises one or 
more levels of dedicated high-speed memory holding 
recently accessed data and instructions, designed to speed up 
subsequent access to the same data and instructions. Cache 
technology is based on a premise that programs frequently 
re-execute the same instructions and data. Also, instructions 
and data exhibit a trait called “spatial locality” Which means 
that instructions and data to be used in the future tend to be 
located in the same general region of memory as recently 
used instructions and data. When data is read from main 
system memory, a copy is also saved in the cache memory, 
along With an index to the associated location in main 
memory. Often the cache entry includes not only the data 
speci?cally requested, but data surrounding the speci?cally 
requested data. 

[0006] The cache then monitors subsequent requests for 
data to see if the information needed has already been stored 
in the cache. If the data had indeed been stored in the cache, 
the data is delivered immediately to the processor While the 
attempt to fetch the information from main memory is 
aborted (or not started). If, on the other hand, the data had 
not been previously stored In cache then it is fetched directly 
from main memory and also saved in cache for future 
access. 

[0007] Microprocessor performance is greatly enhanced 
by the use of cache memory. Cache memory comprises 
memory devices that have loWer latency than the main 
memory, In particular, one or more levels of on-chip cache 
memory provide particularly loW-latency storage. On-chip 
cache memory can be implemented in memory structures 
and devices having latency of only one or tWo clock cycles. 
Cache memory, particularly on-chip cache memory, is par 
ticularly suited to being accessed by the microprocessor at 
high speed. 

[0008] An task for the cache subsystem is to maintain 
cache coherency. Cache coherency refers to the task of 
ensuring that the contents of cache memory are consistent 
With the corresponding locations in main memory. When 
only the microprocessor can access main memory cache 
coherency is a relatively simple task. HoWever, this restric 
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tion forces all accesses to main memory to be routed through 
the microprocessor. Many devices such as graphics modules, 
mulitimedia modules and netWork interface modules, for 
example, can make use of system memory for ef?cient 
operation. HoWever, if these modules must tie up the pro 
cessor in order to use system memory, overall performance 
is loWered. 

[0009] To make more ef?cient use of the processor, many 
systems alloW modules and peripherals other than the micro 
processor to access main memory directly. The system bus 
in a typical computer system architecture couples to the 
microprocessor and to a direct memory access (DMA) 
controller. Other modules and peripherals coupled to the bus 
can access main memory Without tying up the microproces 
sor using the DMA controller. This may also be referred to 
as a shared memory system as all or part of the main memory 
is shared amongst the variety or devices, including the 
microprocessor, that can access the memory. 

[0010] Shared memory systems complicate the cache 
coherency task signi?cantly. DMA devices access main 
memory directly, but usually do not access the cache 
memory directly. To ensure that the DMA device obtains 
correct data steps must be taken to verify that the contents 
of the shared memory location being accessed by a DMA 
device have not been changed in the cached copy of that 
location being used by the microprocessor. Moreover, the 
latency imposed by this coherency check cannot be such as 
to outWeigh the bene?ts of either caching or direct memory 
access. 

[0011] One solution is to partition the main memory into 
cacheable and uncacheable portions. DMA devices are 
restricted to using only uncacheable portions of memory. In 
this manner, the DMA device can be unconcerned With the 
cache contents. HoWever, for the data stored in the uncache 
able portions all of the bene?ts of cache technology are lost. 

[0012] Another solution is to enable the DMA controller 
or other hardWare coupled to the system bus to “snoop” the 
cache before the access to shared memory is alloWed. An 
example of this is in the peripheral component interconnect 
(PCI) bus that enables the PCI bridge device to snoop the 
CPU cache automatically as a part of any DMA device 
transaction. This alloWs shared memory to be cached, hoW 
ever, also adds latency to every DMA transaction. Systems 
having a single system bus on Which all DMA transactions 
are performed can implement snooping protocols ef?ciently. 
This is because a single bus system enables any device to 
broadcast a signal to all other devices quickly and ef?ciently 
to indicate that a shared memory access is occurring. 

[0013] HoWever, there is an increasing demand for sys 
tems With robust, complex, multi-path communications sub 
systems for interconnecting system components. Complex 
communications netWorks enable greater expansion poten 
tial and customiZation. Moreover, such systems enable exist 
ing, proven subsystem and module designs (often referred to 
as intellectual property or “IP”) to be reused. In systems With 
more complex bus netWorks that enable multiple indepen 
dent paths a netWork broadcast can be sloW making con 
ventional snoop protocols impractical. 

[0014] Another solution used for more complex netWorks 
uses a centraliZed or distributed directory structure to hold 
cache status information. These may be seen, for example, 
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in multiprocessor architectures. Any device accessing shared 
memory ?rst accesses the directory to determine Whether the 
target memory address is currently cached. When the 
address is not cached, a direct access to the shared memory 
location is made. When the address is cached, the cached 
data is Written back to main memory before the direct access 
is completed. Directory-based solutions are faster than 
snoop operations, but also add latency to each DMA access 
as Well as hardWare overhead to support the directory 
structure. 

[0015] A need exists for a mechanism, method and system 
that enables ef?cient shared memory access in a cached 
memory system. A need speci?cally exists for a mechanism 
to perform cache coherency in a system have a complex, 
multipath system bus. 

SUMMARY OF THE INVENTION 

[0016] The present invention involves a computer system 
having a memory system Where at least some of the memory 
is designated as shared memory. A transaction-based bus 
mechanism couples to the memory system and includes a 
cache coherency transaction de?ned Within its transaction 
set. A processor having a cache memory is coupled to the 
memory system through the transaction based bus mecha 
nism. A system component coupled to the bus mechanism 
includes logic for specifying cache coherency policy. Logic 
Within the system component initiates a cache transaction 
according to the speci?ed cache policy on the bus mecha 
nism. Logic Within the processor responds to the initiated 
cache transaction by executing a cache operation speci?ed 
by the cache transaction. 

[0017] The foregoing and other features, utilities and 
advantages of the invention Will be apparent from the 
folloWing more particular description of a preferred embodi 
ment of the invention as illustrated in the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 shoWs in block diagram form a computer 
system incorporating an apparatus and system in accordance 
With the present invention; 

[0019] FIG. 2 shoWs a processor in block diagram form 
incorporating the apparatus and method in accordance With 
the present invention; 

[0020] FIG. 3 illustrates a bus transaction in accordance 
With the present invention; 

[0021] FIG. 4 shoWs a How diagram illustrating shared 
memory access operation in accordance With the present 
invention; 
[0022] FIG. 5 illustrates an exemplary control register 
format in accordance With the present invention; and 

[0023] FIG. 6 illustrates an exemplary snoop address 
register format in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] The preferred implementation of the present inven 
tion comprises a system that may be implemented as a single 
integrated circuit system-on-a-chip solution or as multiple 
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integrated circuits With varying levels of integration. In 
either case, sub-components of the system are intercon 
nected by a bus netWork that may comprise one or more 
types of bus technologies. The bus netWork implements a 
transaction set comprising a plurality of de?ned transactions 
that can be communicated over the bus netWork. Each 
transaction comprises a request/response pair or a set of 
request/response pairs. 

[0025] In the particular implementation, the transaction set 
includes cache transaction primitives. One of the system 
components coupled to the bus netWork is a central pro 
cessing unit (CPU). Among other features, the CPU includes 
a cache management or memory management unit that 
alloWs the CPU to cache instructions and data from main 
memory. Modules, devices and sub-components coupled to 
the bus netWork use the cache transactions to cause the CPU 
to perform cache management activities on their behalf. In 
this manner, When a module desires to access main memory 
directly, cache coherency can be ensured by issuing a cache 
transaction prior to the direct memory access. In the pre 
ferred implementation, these cache transactions are inter 
preted by the CPU as explicit commands. 

[0026] Any system is usefully described as a collection of 
processes or modules communicating via data objects or 
messages as shoWn in FIG. 1. The modules may be large 
collections of circuitry Whose properties are someWhat 
loosely de?ned, and may vary in siZe or composition sig 
ni?cantly. The data object or message is a communication 
betWeen modules that make up the system. To actually 
connect a module Within the system it is necessary to de?ne 
an interface betWeen the system and the component module. 

[0027] The present invention is illustrated in terms of a 
media system 100 shoWn in FIG. 1. The present invention 
supports systems requiring a number of components that use 
and bene?t from direct memory access, such as media 
system 100. Media processor 100 comprises, for example, a 
“set-top box” for video processing, a video game controller, 
a digital video disk (DVD) player, and the like. Essentially, 
system 100 is a special purpose data processing system 
targeted at high throughput multimedia applications. Fea 
tures of the present invention are embodied in processor 101 
that operates to communicate and process data received 
through a high speed bus 102, peripheral bus 104, and 
memory bus 106. 

[0028] Video controller 105 receives digital data from 
system bus 102 and generates video signals to display 
information on an external video monitor, television set, and 
the like. The generated video signals may be analog or 
digital. Optionally, video controller may receive analog 
and/or digital video signals from external devices as Well. 
Audio controller 107 operates in a manner akin to video 
controller 105, but differs in that it controls audio informa 
tion rather than video. NetWork I/O controller 109 may be a 
conventional netWork card, ISDN connection, modem, and 
the like for communicating digital information. Mass stor 
age device 111 coupled to high speed bus 102 may comprise 
magnetic disks, tape drives, CDROM, DVD, banks of 
random access memory, and the like. A Wide variety of 
random access and read only memory technologies are 
available and are equivalent for purposes of the present 
invention. Mass storage 111 may include computer pro 
grams and data stored therein. 
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[0029] In a particular example, high speed bus 102 is 
implemented as a peripheral component interconnect (PCI) 
industry standard bus. An advantage of using an industry 
standard bus is that a Wide variety of expansion units such 
as controller’s 105, 107, 109 and 111 are readily available. 
PCI bus 102 supports direct memory access components 
using a snooping protocol. 

[0030] Peripherals 113 include a variety of general pur 
pose I/O devices that may require loWer bandWidth com 
munication than provided by high speed bus 102. Typical 
I/O devices include read only memory (ROM) devices such 
as game program cartridges, serial input devices such as a 
mouse or joystick, keyboards, and the like. Processor 101 
includes corresponding serial port(s), parallel port(s), printer 
ports, and external timer ports to communicate With periph 
erals 113. Additionally, ports may be included to support 
communication With on-board ROM, such as a BIOS ROM, 
integrated With processor 101. External memory 103 is 
typically required to provide Working storage for processor 
101 and may be implemented using dynamic or static RAM, 
ROM, synchronous DRAM, or any of a Wide variety of 
equivalent devices capable of storing digital data in a 
manner accessible to processor 101. 

[0031] Processor 101 is illustrated in a greater detail in the 
functional diagram of FIG. 2. One module in a data pro 
cessing system is a central processor unit (CPU) core 201. 
The CPU core 201 includes, among other components (not 
shoWn), execution resources (e.g., arithmetic logic units, 
registers, control logic) and cache memory. These functional 
units, discussed in greater detail beloW, perform the func 
tions of fetching instructions and data from memory, pre 
processing fetched instructions, scheduling instructions to 
be executed, executing the instructions, managing memory 
transactions, and interfacing With external circuitry and 
devices. 

[0032] CPU core 201 communicates With other compo 
nents shoWn in FIG. 2 through a system bus 202. In the 
preferred implementation system bus 202 is a proprietary, 
high-speed netWork bus using packet technology and is 
referred to herein as a “super highWay”. Bus 202 couples to 
a variety of system components. Of particular importance 
are components that implement interfaces With external 
hardWare such as external memory interface unit 203, PCI 
bridge 207, and peripheral bus 204. Each component 
coupled to bus 202 may be a target of a transaction packet 
on bus 202 as speci?ed by an address Within the transaction 
packet. 
[0033] External memory interface 203 provides an inter 
face betWeen the system bus 202 and the external main 
memory subsystem 103 (shoWn in FIG. 1). The external 
memory interface comprises a port to system bus 202 and a 
DRAM controller. An important feature of the present 
invention is that the memory accessed through external 
memory interface 203 is coherent as vieWed from the system 
bus 202. All requests are processed sequentially on external 
memory interface 203 in the order of receipt of those 
requests by EMI unit 203. HoWever the corresponding Store 
response packets may not be returned to the initiator on 
system bus 202 until the Write operations are actually 
completed to DRAM. Since all the requests to the same 
address are processed in order (as they are received from the 
SuperHyWay interface) on the DRAM interface, the coher 
ency of the memory is achieved. 

Feb. 14, 2002 

[0034] The organiZation of interconnects in the system 
illustrated in FIG. 2 is guided by the principle of optimiZing 
each interconnect for its speci?c purpose. The bus system 
202 interconnect facilitates the integration of several differ 
ent types of sub-systems. It is used for closely coupled 
subsystems Which have stringent memory latency/band 
Width requirements. The peripheral subsystem 204 supports 
bus standards Which alloW easy integration of hardWare of 
types indicated in reference to FIG. 1 through interface ports 
213. PCI bridge 207 provides a standard interface that 
supports expansion using a variety of PCI standard devices 
that demand higher performance that available through 
peripheral port 204. The system bus 202 may be out?tted 
With an expansion port Which supports the rapid integration 
of application modules Without changing the other compo 
nents of system 101. 

[0035] It should be noted that in the system of the present 
invention, the PCI bridge 207 is not coupled directly to CPU 
201 and so cannot support snooping in the conventional 
manner speci?ed by the PCI standards. Instead, system bus 
202 provides a protocol in accordance With the present 
invention that maps cache commands from, for example PCI 
bridge 207 onto a cache transaction Within the transaction 
set of bus 202. CPU 201 responds to the cache transaction 
by implementing the expected cache command. 

[0036] FIG. 3 illustrates an exemplary transaction 300 
comprising a request packet 301 and a response packet 303 
for communication across superhighWay 202. Packets 301 
and 303 comprise a unit of data transfer through the packet 
router 305. Communication betWeen modules 307 and 309 
is achieved by the exchange of packets betWeen those 
modules. Each module 307 and 307 is assigned or negotiates 
With packet router 305 for a unique address. In the particular 
example, each address is an unsigned integral value that 
corresponds to a location in the physical memory space of 
processor 201. Some of the address bits indicate the desti 
nation module and some of the address bits (called “offset 
bits”) indicate a particular location Within that destination 
module. The siZe of the physical address, the number of 
destination bits, and the number of offset bits are implemen 
tation dependent selected to meet the needs of a particular 
implementation. 
[0037] Packet router 305 uses the destination bits to per 
form routing. Packet router 305 inspects the destination bits 
of a received packet, determines the appropriate port to 
Which the packet is to be routed, and routes the packet to the 
speci?ed module. Packet router 305 may be implemented as 
a bus, crossbar, packet routing netWork, or equivalent packet 
transport mechanism to meet the needs of a particular 
application. 
[0038] A packet comprises a plurality of ?elds indicating 
information such as the type of transaction, target address of 
the transaction, and/or data needed or produced by the 
transaction. Each ?eld has a number of possible values to 
characteriZe that packet. Every packet contains a destination 
?eld Which is used by packet router 305 to determine Which 
module the packet should be routed to. In the particular 
implementation, every packet has a class and a type. A 
packet’s class is either a request or a response. A response 
packet class is subdivided into either an ordinary response or 
an error response. A packet’s type indicates the kind of 
transaction associated With that packet. The packet class and 
type together form a packet opcode. 
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[0039] Each packet is associated With a source module and 
a destination module. The source sends a packet 301 or 303 
over a port into a packet-router 305 Within bus 202. Packet 
router 305 arranges for the packet to be routed to a p-port 
connected to the destination. The destination then receives 
this packet over that p-port from the packet-router. It is 
possible for the source and destination to be the same 
module. It is also possible for a packet to be decomposed 
into multiple “cells” Where each cell of the packet has the 
same source and destination module and same packet type. 
The multiple cells are combined into a packet at the desti 
nation. 

[0040] A “transaction”300, suggested by the dashed line 
boX in FIG. 3, is an exchange of packets that alloWs a 
module to access the state of another module using the super 
highWay bus 202. A transaction comprises a transfer of a 
request packet 301 from a requesting module 307 (also 
called an “initiator”) to a responding module 309 (also 
called a “target”) folloWed by a response packet 303 from 
that responding module 309 back to the requesting module 
307. The request packet 301 initiates the transaction and its 
contents determine the access to be made. The response 
packet 303 completes the transaction and its contents indi 
cate the result of the access. Aresponse packet 303 may also 
indicate Whether the request Was valid or not. The response 
packet 303 can be formatted as an ordinary response if the 
request Was valid or an error response if the request Was 
invalid. 

[0041] In the preferred implementation there is a 1:1 
correspondence betWeen request and response packets. The 
transaction protocol in the preferred implementation is “split 
phase” because the request packet 301 and response packet 
303 are asynchronous With respect to each other. Requests 
can be pipelined in that a requesting module 307 can 
generate multiple request packets 301 before any response 
packets 303 are received so as to overlap latencies associ 
ated With transactions. 

[0042] Responding 309 modules process requests in the 
order received, and do not generate a response packet 303 
until the requested action is committed. In this manner, apart 
from internal latency inside the destination module, the 
access is completed as vieWed by all modules coupled to bus 
202 When a request packet 301 is received. Any subse 
quently received requests to that target module Will act after 
that access This guarantees that time-ordering of access at a 
destination can be imposed by Waiting for the corresponding 
response. 

[0043] One of the packet types of particular importance to 
the present invention is a cache coherency packet type 
associated With a cache coherency transaction. Cache coher 
ency transactions include a “?ush” and a “purge” transac 
tion. These are provided primarily to support the integration 
of DMA type modules such as PCI bridge 207 shoWn in 
FIG. 2, but more generally support any module that uses 
main memory provided through eXternal memory interface 
203. 

[0044] The ?ush transaction has a single operand Which is 
the physical address Which is to be ?ushed from the cache. 
When a ?ush transaction is received from bus 202 by the 
cache/MMU Within CPU 201 it causes the cache/MKU to 
lookup the address in the cache. If the lookup yields a miss 
or a hit to a cache line that is unmodi?ed With regard to main 

Feb. 14, 2002 

memory, the cache/MMU issues a response to the ?ush 
request immediately folloWing the lookup. If the lookup 
yields a hit to a cache line that is modi?ed With regard to 
main memory, the cache controller causes a Writeback of the 
speci?ed line to main memory. FolloWing the Writeback the 
cache/MMU issues a response to the ?ush request. The 
response generated by the cache/MMU in either case is a 
simple acknowledgement that does not carry any data indi 
cating that main memory and cache are cohered. 

[0045] The purge transaction has a single operand Which 
is the physical address Which is to be purged from the cache 
When a purge transaction is received from bus 202 by the 
cache/MMU Within CPU 201 it causes the cache/MMU to 
lookup the address in the cache. If the lookup yields a miss 
the cache/MMU issues a response to the purge request 
immediately folloWing the lookup. If the lookup yields a hit 
to the cache line modi?ed With regard to main memory, the 
cache controller causes a Writeback of the speci?ed line to 
main memory. If the lookup yields a hit the cache line is 
invalidated Whether or not the line is modi?ed With respect 
to main memory. FolloWing the invalidation the cache/ 
MMU issues a response to the purge request. The response 
generated by the cache/MMU in either case is a simple 
acknowledgement that does not carry any data indicating 
that main memory and cache are cohered and that the 
speci?ed memory location is no longer valid in the cache. 

[0046] The use of ?ush and purge by a module provides a 
level of cache coherency. These operations guarantee that a 
read operation by a module to an address in a shared 
memory system Will receive the value last Written to that 
address. The time of access is given as the time at Which the 
?ush is received by the cache controller. The module read 
operation is guaranteed to get a data value coherent With the 
value of the system memory no earlier than the time of 
access. In the case of a Write operation by a module to an 
address in shared memory, the purge operation guarantees 
that the Written data is readable by all memory users after the 
time of access. The time of access is given as the time at 
Which the Write operation is performed to system memory 
folloWing the purge of the data cache(s). 

[0047] In a typical operation, a component coupled to PCI 
bus 205 Wishes to access a shared memory location, it 
asserts the memory request using PCI standard DMA sig 
naling protocol to PCI bridge 207. Because CPU 201 is not 
coupled to the PCI bus 205 directly, this signaling protocol 
is not recogniZed by CPU 201. Although the operation in 
accordance With the present invention is described With 
particular reference to PCI module 207, it should be under 
stood that any module coupled to bus 202 that desires to use 
shared memory can implement the steps outlined beloW. 

[0048] When PCI module 207 Wishes to complete the 
coherent request to shared memory, module 207 performs 
the steps shoWn generally in FIG. 4. In step 401 the module 
splits up the memory request into a plurality of non-cache 
line straddling system interconnect requests. In this manner 
each request is ensured of affecting a single cache line and 
the cache/MMU does not need to implement special behav 
ior to recogniZe and implement cache straddling requests. 
Both ?ush requests and purge requests are packetiZed and 
addressed to a port associated With cache/MMU in CPU 201 
in step 403. The requesting module then Waits to receive a 
response from the cache/MMU in step 404. 
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[0049] For a read operation from shared memory, a load 
request is then made in step 405 in a packet addressed to the 
memory interface unit 203. In the case of a Write operation, 
a store request packet is addressed to memory interface unit 
203 in step 407. In step 409 external memory interface unit 
generates a response packet indicating completion of the 
coherent access. 

[0050] In this manner the present invention provides cache 
control instructions that are integrated into the basic trans 
action set of bus 202. This feature enables any module 
coupled to bus 202 to implement cache control and ensure 
coherent use of shared memory resources. Corresponding 
logic in the cache/MMU of CPU 201 responds to the cache 
control transactions to perform the cache control operation 
on behalf of the requesting module. 

[0051] The coherency logic Within the requesting module 
(e.g., PCI bridge 207 preferably can specify one or more 
caching WindoWs and alloW remote speci?cation of the 
caching policy for a particular region in cache to increase 
coherency performance. This is implemented by providing 
control register space 501, shoWn in FIG. 5, that speci?es a 
snoop policy or mode and an address range for snooping. 
Snoop address register 601 (shoWn in FIG. 6) Within PCI 
module 207 that stores one or more addresses. Both snoop 
control register 501 and snoop address register 601 have any 
number of lines specifying any number of cache regions 
With different snoop policies. Each snoop control register 
has a corresponding snoop address register. 

[0052] In the particular implementation a 2-bit mode ?eld 
indicates that Whether and hoW the address in a PCI request 
is compared to the address stored in the snoop address 
register. An example encoding is summariZed in Table 1. 

TABLE 1 

00 Snoop address register is not compared 
01 Reserved 
10 Address is compared, and upon a match the 

snoop command is not issued. Upon a miss, 
snoop command is issued 

11 Address is compared, and upon a match the 
snoop command is issued. Upon a miss, snoop 
command is not issued. 

[0053] The range ?eld has eight possible values in the 
particular implementation With each value indicating a range 
of addresses that Will result in a match during the compari 
son of the memory address in the PCI request and the stored 
snoop address in register 601. Essentially, each value of the 
range ?eld indicates hoW many bits of the stored snoop 
address Will take part in the comparison. Table 2 summariZes 
an exemplary encoding. 

TABLE 2 

Value Interpretation Range 

000 Compare address bits 31:12 4 kB 
001 Compare address bits 31:16 64 kB 
010 Compare address bits 31:20 1 MB 
011 Compare address bits 31:24 16 MB 
100 Compare address bits 31:25 32 MB 
101 Compare address bits 31:26 64 Mb 
110 Compare address bits 31:27 128 MB 
111 Compare address bits 31:28 256 MB 
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[0054] The actual encoding and range siZes as Well as the 
number of discrete ranges that are enabled are a matter of 

design choice selected to meet the needs of a particular 
application. In this manner, a cache partition can be imple 
mented by storing an address Within a snoop address register 
601 With the siZe of the partition speci?ed by a value stored 
in the range ?eld of snoop control register 501. The cache 
coherency policy for that partition can be controlled by 
setting the value in the corresponding mode ?eld of snoop 
control register 501. This feature of the present invention 
enables the remote speci?cation of the caching policy in a 
manner that does not require any manipulation of control 
registers Within CPU 201. Whether or not a ?ush or purge 

command is issued is determined by the PCI module 207 and 
the cache/MMU Within CPU 201 merely responds to 
execute and acknowledge issued cache control commands. 

[0055] To implement the above feature, PCI module 207 
Will precede step 401 in FIG. 4 With a step of checking 
Whether the shared memory address requested matches an 
address speci?ed in the snoop address register 601 Within 
the bounds speci?ed by the snoop control register 501. The 
stored addresses may indicate that a snoop is to be per 

formed, in Which case the process proceeds to step 401. 
Alternatively, When a snoop is not to be performed the 
process Will proceed to steps 405 and 407 accordingly 

[0056] The implementation described above can be 
extended by adding additional bits to the mode ?eld. For 
example, a particular implementation may implement an 
optimiZation based on cache policy. For each de?ned snoop 
range a single bit can be used to indicate a selection betWeen 

tWo optional behaviors. For example, each snoop range can 
be assigned a policy of “?ush on read, purge on Write” or 
“nothing on read, purge on Write”. A single bit in the mode 
?eld can alloW the choice of policy independently for each 
cache region. This optional feature reduces the number of 
unnecessary coherency transaction. Speci?cally, When the 
CPU caching policy is Write-through then there is no pos 
sibility of dirty data existing in the cache and so remote 
initiated ?ushes are redundant. The optimiZation enables 
these redundant operations to be avoided. 

[0057] While the invention has been particularly shoWn 
and described With reference to a preferred embodiment 
thereof, it Will be understood by those skills in the art that 
various other changes in the form and details may be made 
Without departing from the spirit and scope of the invention. 
The various embodiments have been described using hard 
Ware examples, but the present invention can be readily 
implemented in softWare. For example, it is contemplated 
that a programmable logic device, hardWare emulator, soft 
Ware simulator, or the like of sufficient complexity could 
implement the present invention as a computer program 
product including a computer usable medium having com 
puter readable code embodied therein to perform precise 
architectural update in an emulated or simulated out-of 
order machine. Accordingly, these and other variations are 
equivalent to the speci?c implementations and embodiments 
described herein. 
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What is claimed is: 
1. A computer system comprising: 

a memory system Where at least some of the memory is 
designated as shared memory; 

a transaction-based bus mechanism coupled to the 
memory system Wherein the bus mechanism includes a 
cache coherency transaction de?ned Within its transac 
tion set; 

a processor having a cache memory, the processor 
coupled to the memory system through the transaction 
based bus mechanism; 

a system component coupled to the bus mechanism, the 
system component including logic for specifying cache 
coherency policy; 

logic Within the system component for initiating a cache 
transaction according to the speci?ed cache policy on 
the bus mechanism; and 

logic Within the processor responsive to the initiated 
cache transaction for executing a cache operation speci 
?ed by the cache transaction. 

2. The computer system of claim 1 further comprising 
logic Within the system component for de?ning tWo or more 
cache partitions having independent cache policies speci?ed 
for each partition. 

3. The computer system of claim 1 further comprising 
logic Within the processor for generating a response 
addressed to the system component on the bus mechanism 
Wherein the response acknowledges completion of the cache 
operation. 

4. The computer system of claim 1 Wherein the logic for 
specifying cache coherency policy comprises: 

a ?rst register having an entry holding a reference 
memory address; 

a second register having an entry holding a value indi 
cating the speci?ed cache policy for any cache line 
representing the reference memory address in the cache 
memory. 

5. The computer system of claim 4 Wherein the logic for 
specifying cache coherency policy further comprises a third 
register having an entry holding a value indicating a range 
of memory addresses about the reference memory address to 
Which the speci?ed cache policy applies. 

6. The computer system of claim 2 Wherein the logic for 
de?ning tWo or more cache partitions comprises: 

a ?rst register having an entry for each de?ned cache 
partition, each entry holding a reference memory 
address; 

a second register having an entry holding a value indi 
cating a siZe of a range of addresses around the refer 
ence memory addresses that comprise each cache par 
tition. 

7. A method for managing a cache memory accessible by 
a processor, the method comprising: 

specifying a cache coherency policy in a remote system 
component; 
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coupling the remote system component to the processor 
using a transaction-based system bus; 

initiating a cache coherency transaction according to the 
speci?ed coherency policy using the remote system 
component, the cache coherency transaction being 
transmitted to the processor on the system bus; and 

in response to the initiated cache coherency transaction, 
causing the processor to perform a cache coherency 
operation speci?ed by the cache coherency transaction. 

8. The method of claim 7 further comprising a step of 
de?ning tWo or more cache partitions having independent 
cache policies speci?ed for each partition. 

9. The method of claim 7 further comprising generating a 
response message using the processor after the cache coher 
ency operation is performed, the response being addressed 
to the remote system component. 

10. The method of claim 7 further comprising: 

storing a reference memory address in the remote system 
component; 

storing a value indicating the speci?ed cache policy in the 
remote system component, Wherein the value indicates 
the cache policy for a cache line including the reference 
memory address. 

11. The method of claim 10 further comprising: 

storing in the remote system component a value indicating 
a range of addressees about the reference memory 
address to Which the speci?ed cache policy applies. 

12. A component for a computer system having a cache 
memory accessible through a data processor, the component 
comprising: 

an interface for coupling to a system bus to communicate 
With the data processor; 

logic for specifying cache coherency policy; and 

logic for initiating a cache transaction according to the 
speci?ed cache policy on the bus mechanism. 

13. The component of claim 12 further comprising logic 
de?ning tWo or more cache partitions having independent 
cache policies speci?ed for each partition. 

14. The component of claim 12 further comprising 
Wherein the logic for specifying cache coherency policy 
comprises: 

a ?rst register having an entry holding a reference 
memory address; 

a second register having an entry holding a value indi 
cating the speci?ed cache policy for any cache line 
representing the reference memory address in the cache 
memory. 

15. A data processor comprising: 

a cache memory; 

an interface to a system bus; and 

a cache control mechanism responsive to a communica 
tion received on the system bus to implement a cache 
coherency operation on the cache memory. 

* * * * * 


