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present invention relates in general to conputer architecture,

particular to a nethod and systemthat allow a processor to fl ush a cache
line associated 5 with a linear nenory address fromall caches in the
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ti me and enhanci ng overall system performance. However, since the storage
capacity of the cache is |imtedp Ho¥Rir 8 R Mated ch smaller than the
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' 10  capacity at a relatively low cost. Unrorrunatcly, access to dynamic random access
memory is slow relative to the processing speed of modem microprocessors. A cost-
effective solution providing cache memory is to provide a static random access memory
(SRAM) cache memory, or cache memory physically located on the processor, Even
though the storage capacity of the cache memory may be relatively small, it provides
15  high-speed access to the data stored therein. '

The operating principle behind cache memory is as follows. The first time an
instruction or data Jocation is addressed, it must be accessed from the lower speed
memory. The instruction or data is thg:n stored in cache memory. Subsequent accesses
to the same instruction or data are done via the faster cache mernory, therecby

20  minimizing access time and enhancing overall system performance. However, since the
storage capacity of the cache is limited, and typically is much smaller than the storage
capacity of system memory, the cache is ofien filled and some of its contents must be
changed as new instructions or data are accessed.

The cache is managed, in various ways, so that it stores the instruction or data

25  most likely to be needed at a given tme.. When the cache is accessed and contains the

requested data, a cache “hit” occurs, Otherwise, if the cache does not contain the
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15 memory.

For the Intel family of P6 microprocessors {e.g., Pentium II, Celeron), for
.example, there exists a set of micro-operations used to flush cache lines at specified
cache levels given a cache set and way; however, there is not such a micro-operation to
flush a cache line given its memory address.

20 Systems that require high data access continuously flush data as it becomes dirty.
The situation is particularly acute in systems that require high data flow between the
processor and system memory, such as the case in high-end graphics pixel manipulation
for 3-D and video performances. The problems with current systems are that high
bandwidth between the cache and system memory is required to accommodate the

25  copies from write combining memory.and write back memory.

Thus, what is needed is a method and system that allow a processor to flush the
cache line associated with a linear memory address from all caches in the coherency

domain.
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(CLFLUSH) m cro-architectural inplenentation process and systemallow a
processor WBHHYIH a cache line associated with a |inear mBRBMF*O38Yr ess
fromall caches in the coherency domain. The processor receives a nenory 5
address. Once the menory address is received, it is determ ned hicdARelllé he
menory address is stored within a cache nenory. If the nenory address is
stored within the cache, the nmenoryiadeygry i s flushed fromthe cache.

BRI EF DESCRI PTI ON OF THE DRAW NGS The inventions clainmed herein will be
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used only e tache ma agenent . Ines usually contain nore 20 data
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DETAILED DESCRIPTION

15 By definition, a cache line is either completely valid or completely invalid; a
cache line may never been partially valid. For example, when the processor only wishes
to read one byte, all the bytes of an applicable cache line must be stored in the cache;
otherwise, a cache miss will occur. The cache line forms the actual cache memory. A
cache directory is used only for cache management. Cache lines usually contain more

20  data than it is possible to transfer in a single bus cycle. For this reason, most cache
controllers implement a burst mode, in which pre-set address sequences enable data to
be transferred more quickly through abus. This is used for cache line fills, or for
writing back cache lines, because such these cache lines represent a continuous and
aligned address area. '

25 A technique to flush the cache line can be associated with a linear memory
address. Upon execution, the technique flushes the cache line associated with the

. operand from all caches in the coherency domain. In a multi-processor environment, for

example, the specified cache line is flushed from all cache hierarchy levels in all
microprocessors in the system (i.e. the coherency domain), depending on processor

30 state. The MESI (Modified, Exclusive, Shared, Invalid) protocol, a write-invalidate
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protocol, gives every cache line one of four states which are nanaged by
two MESI-bits. The four states also identify the four possible states of a
cache line. If the processor is found in "exclusive" or "shared" states,

t he fl ushi mgpteglaies everytdaehelimevmel difeurtsedtesgwhich ved mekadged by Ao MESI-bétxanpl e
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I mredi ately prior to and ri ght. after CLFLUSH. A m cro-operation, naned
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shown i ¢ h{CHELPPBAMS 826 SoeG sREss. TR et OrnY FRgens e SFEVAE ar o
assunefl) i Ny%iMShe Hiche HRE PMES HEroiRBudib: ThRohtrdsh, the Bk r HLiHRIndnidtycache

| evel closest to the processor, and second |evel ("L2") cache being the

cache | evekulf-systdne sf therproaesior 1pweakdy onlered ArOtAer margoingtructonsf eandte used to 102
fetches macroinstructions for an instructions decoder unit 104. . The
decoder unf¥ongiy opisg S“WC?T‘EE?‘B%?FFﬁa??‘@n§°§°Fﬂ tg"%?s SAnOAReT sprializing

m croinstr LOEShs. inRk&Be Jr 06 Wed Hent daer éLFEsRHvat i on station 106, and a
reor der buﬁg&l an ’lreg{:stg?yﬁlre 108gﬂAs an I nstruction enters the nenory
subsystem it i %A midrooptmtonmanied “clilsh Tizropop” stised thiniflenert e  dependi ng
on whether it is aread or a wite nenory macroinstruction, 25

r espect? veQFLUSH macimnstiustion-ne nenory subsyst em where such buffers

reside, the Moving to FIG. 1, an example microprocessor’s memory and bus subsystems is

shown with the flow of loads and stores. In FIG. 1, two cache levels are assumed in the
microprocessor: an on-chip (“L17) cache being the cache level closest to the processor,
and second level (“L2") cache being the cache level farthest from the processor. An

20  instruction fetch unit 102 fetches macroinstructions for an instructions decoder unit 104.
The decoder unit 104 decodes the macroinstructions into a stream of microinstructions,
which are forwarded to a reservation station 106, and a reorder buffer and register file
108. As an instruction enters the memory subsystern, it is allocated in the Joad 112 or
store buffer 114, depending on whether it is a read or a write memory macroinstruction,

25  respectively. In the unit of the memory subsystem where such buffers reside, the
instruction goes through memory ordering checks by the memory ordering unit 110. If
no memory dependencies exist, the instruction is dispatched to the next unit in the
memory subsystem after undergoing the physical address translation. At the L1 cache .
controller 120, it is determined whether there is an L1 cache hit or miss. In the case ofa

30  miss, the instruction is allocated into a set of buffers, from where it is dispatched to the

bus sub-system 140 of the microprocessor. In case of a cacheable load miss, the

4




I nstruction goes through nmenory ordering checks by the nenory qrdering unit
'110. If no nenory dependencies exist, the instruction is disp tkMﬁiﬁZ{]ﬂp t he
next unit wopdisez7amenory subsystem after undergoi ng the physiraspo/sEdsr ess
translation. At the L1 cache controller 120, it is determ ned whet her
there is an L1 cache hit or mss. In the case of a 30 mss, the instruction
is allocated into a set of buffers, fromwhere it is dispatched to the bus

sub-system.140 of the mcr o lnae f cacheable.lo m ss, the
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"clflush_m cro_op" mcro-qperation through the processor nenory subsystem
i s al so deserrupgalg thhdgsired data fiom malp POMORYhe j nstruction fetch unit 102 10

retrieves a cachg | ﬂ&r@ OE.kHéSJaldﬂﬁ-&éﬁd‘égmmi&b%?ﬁgg&gw'%%%ﬁ?kocg&ér the

cache line flush instruction Is Into cro_op"
M Cr 0- Oper aheMBrybsubbyiterh sdlsduddstdive in @86 o2 elnitiallyy} thé thbtrudiien fetahrumitolfi@r at i on
is then forwarded to a reservation_ station 106 and a recaqrder (ﬁ{é fer and

regi st kO f i letrievesa cashgdine Syeh inpfuctiony bipek $0%yi I blpck 204, the cachedimerlshon | s

di hed | h ‘ . 5 L 5
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For split Q&e8&SRR 108] dhkajitroperationds tremisrvamied e  Rgenaiidn dthfion 106 dat a
size of the mcro operation is masked to one byte in order to avoid cache
li ne spl it sandreonsearder buffes and esgistertiile h08, birck\2R6y dhe aeifush_mieroppT be
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can exegt e;iidbie@%n entry in the load buffer 112 in the memory ordering unit 110. For split
accesses calculation in the memory ordering unit 110, the data size of the micro
operation is masked to one byte in order to avoid cache line splits; however, upon
execution, the whole cache line will be flushed.
The behavior of the “clflush_micro_op” in the memory-ordering unit 110 is
20  speculative. Simply put, this means that the “clflush_micro_op™ can execute out of
order respect to other CLFLUSH macroinstructions, loads and stores. Unless memory
access fencing (termed “MFENCE”) instructions are used appropriately, (immediately
before and after of the CLFLUSH macro-instruction), execution of the '
"¢Iflush_micro_op” with respect other memory loads and stores is not guaranteed to be
25  in order, provided there are no address dependencies. The behavior of CLFLUSH
through the memory subsystem is weakly ordered. The following tables list the ordering
constraints on CLFLUSH. Table 1 lists the ordering constraint affects of later memory
. access commands compared to an earlier CLFLUSH. Table 2 lists the converse of table
1, displaying the ordering constraint affects of earlier memory access commands

30  compared to a later CLFLUSH instruction. The memory access types listed are
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5 Table 2: Memory ordering of instructions with respect to a younger CLFLUSH

From the memory-ordering unit 110, the *ciflush_micro_op” micro-operation is
dispatched to the L1 cache controller unit 120, block 210. The “clflush_micro_op”
micro-operation is dispatched on the load port; however, it is allocated in a write
combining buffer 132, as if it were a store. From the L1 cache controller unit forward,

10  the “clflush_micro_op” is switched from the load to the store pipe.

Decision block 212 determines whether no write combining buffers 132 are
available. If none are available, flow returns to block 210. Otherwise, flow continues
into block 214. Regardless of the memory type and whether it hits or misses the L1
cache, a write combining buffer 132 is allocated to service an incoming

15 “clflush_micro_op,” block 214. A confrol field is added to each write combining buffer
132 in the L] cache controller unit to determine which self-snoop attributes need to be .
sent to the bus controller 140. This control bit, named “clflush_miss,” is set exclusively
for a “ciflush_micro_op” that misses the L1 cache.
Upon entering the memory sub-system of the microprocessor, several bits of the
20  address that enable cache line access of a “clflush_micro_op” are zeroed out, block 216.

In the Pentium pro family of microprocessors, these would be the lower five bits of the

6
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line hi10or aHoeted for adelflosh_ynieragopreand ineibercaneiatlesated fora vaite spmbining byt e
enabl e conparison,i.g.negde t. “ ef | ni.t ti h|t
possi bl e. AS® Tet% krﬁg Ei% %mg%{ega?]aé & ‘fs(rill'eg 'Sé PUS' @g%ggorrcl)g‘;nsﬁ ouf: the
address i t gohfiddlg Rlfbes m&wede«ssemce @f'élﬂﬁs'hah-hm cspechamﬁea ioxseldeetene used
in the nenory orderlng unit 110 to nask lineé split accesses. In split
accesses t heeqiastayps awl fhishiattabutessephfomdhe Ly cm lceatrelies 18() taethe bus

controller 140.

15 In the case of an L1 cache hit, as determined by decision block 222, both “flush
L1" and “flush L2” attributes are sent to the bus controller 140 upon dispatch from the
L1 cache controller unit 120, blocks 224 and 226. The bus controlier 140 contains both
the L2 cache 146 and external bus controller units.
Alternatively, in the case of a L1 cache miss, as determined by decision block
20  222.the “clflush_miss” control bit is set, and only the “flush L2" attribute is sent blocks
228 and 232. This helps improve performance by omitting the internal self-snoop to the
L1 cache.
Upeon its dispatch from the memory-ordering unit 110, the “clflush_micro_op”
micro-operation is blocked by the L1 cache controller unit 120 if there are no write
25  combining buffers 132 available, block 212. In such a case, 1t also evicts a write-
combining buffer 132, as pointed by the write-combining circular allocation pomter.
This guarantees no deadlock conditions due to the lack of free write combining buffers
132. If blocked, the “clflush_micro_op” is redispatched once the blocking condition is
removed. An example that would cause the dispatching of the “clflush_micro_op”

30  instruction is the completed eviction of a previously allocated write-combining buffer

132.



Anot her control bit added to each wite conbining buffer 132 in the LI
cache <controller unit 120 is used to differentiate between a wite
combi ning buffer 132 10 allocated for a "clflush_nicro_op" and anetMpR0@Ne

allocated for a wite conbining store, block 218. This control bit, nanmed
"clflush_op," is exclusively set for those wite conbining buffers
allocated to service a "clflush_mcro_op". It is used to select the

request type and flush attributes sent fromthe L1 cache controller 120 to

the bus contrg *rﬁé%r%é&soiéaihﬂs Fu%eﬁc%%ﬁarﬁfnga” L1 cache hit, as determ ned
2, b

by decision block 2 bot h "f1ush  LI™ and "flush L2" attributes are sent
to the busxeing the caghellirg flysh instiuetinmt asih of erden witlerespdct weacplorabipmfilodd er uni t

120, bl oc A |l er in oth .the L2 cache
146 and eta?' (elrgﬁ)g ﬁ%g%(%égsn oﬂéﬁc@-?fo&%%@é@aﬁ ’taé]?l kg%)a}c@%%e?gpfﬁu@hvee Wie of a LI
cache ni ssombitiememnotyrtggk loyatibas esdcored by dekproideso22ddt he "cl fl ush_m ss”
control bit .is. set, and only the “f]Jush L2" attribute is sent blocks 228
and 232. ﬂﬁ‘%‘aﬂmgdgd?rr?gFmg?felme(ﬂ%EHE@WWl{ FesRfgt OHREMOYAFEEl sel f- snoop

to the L jhstRRGOR-exbRBR bylthe fioeBabeh from the menmory-ordering unit 110, the
"clflush_mcro_op" mcro-operation is blocked by the LI cache controller

unit 120 if there are no wite 25 conbining buffers 132 avail able, bl ock

212. In such a (S eyj.cts a wite- conbining buffer 132, as
poi nted by the mof?\t%m%égﬁgéﬂ?rﬁsgy ircular allocation pointer. This

guar ant eegeceivisieaciche kne flndh instortonl havitgart dseodiaakmehofyraddress;iahé conbi ni ng
buffers 2. 1T bl.ocked, .tthe "clfluysh mcr " 1§ redi spatched once the
bl ocki ng gfﬁ"rfl{ﬂ'f‘gf% Ipgance g éﬁ?m%ﬁaﬁaﬁg}" efﬁgﬁn\%ﬁ]edn% 8 '"®Ae di spat ching
of the "cldbhateityofiiath BPgendftih s binpleiypRIbfbs iriiRa&DANA Bdspohse Yo theicBdheof a
previously. allocated wi te-con%i ni %ﬁtt{)pgffer 132. 7 11ﬁNAR 2004 6. The

process ofling flashyinstraciion segardlessof p stafepf op pssence prabsarcecf aifacheiling f1 ush

i nstructi i . J; f store
ot ruot | quulondihg & AEmtdrfaESREEL pdche esBHCE vt il g AR Gxollfe 21 0 1 o
conbi ni ng thecashe ling/fbeshlingtaciions execut ed by the processor; and

8. The process of claim 7 wherein flushing further comprises:

performing a self snoop to flush the associated memory address from the first bus agent.

9. The process of claim 7 wherein flushing comprises generating a zero length

access and an invalidation request.

10. The process of claim 7 wherein at least one bus transaction to request
invalidation is generated for each cache line implicated by an operand of an executed

cache line flush instruction.

11. An apparatus comprising:
a cache memory; and
a cache controller, the cache controller being operative to receive a memory address
which is indicated by an operand of an instruction, wherein the cache controller is to

flush a cache line associated with the memory address stored within the cache memory;

14




mai nt ai ni ng order of the cache line flush instruction with respect to
menory fence instructions executed by the processor. 7. A prodébﬂm?ﬂmﬁ
conprising: receiving a cache line flush instruction having an assocl at ed
menory address; and flushing each instance of the nenory address stored

Wi thin cache nenories in a coherency domain by generating a single type of
bus transaction in response to the cache |Iline flush instruction regardless
of a state of or presence or absence of a cache line corresponding to the

menory addarnﬁ SFirktbug c&ﬁﬁ)ﬁ'lgr t?)%%ﬂgriat%ta ed’& mgfi %H§t%§ﬂ¥on§§(ﬂg#ﬁ§gﬁﬁ the cache

line flush 1 nstruction. e process o alrm erein ng further
conpr i ses:memeorf eddressgn acspeisk te theopstiuctidn, wdkthehthe apswcy addeeks iecaohed iaddr ess

fromthe first..b agent. 9. The .process of claim?7 wherein flushing
conpri ses ‘JBH ﬁ%fﬁﬁﬁgé“k%Pﬁwrgﬁﬁﬂﬁﬁwé% JUCHe an i nval i dation request. 10.
The process of claim7 wherein at |east one bus transaction to request

I nvalidation is ginerated for each cache line inplicated by an operand of
an executed cache Thegararptys pf ¢laimy 1 wherein thepredotermingd hug tradsastoisitai ng:  a

cache me mf&ﬁiesﬁﬂ@alﬁlaﬁ@}fzm &R foeétiﬁ?l_rcorré %n@ngg {ebgthg PP Lcﬁfres@,ﬁ[iug?er()per ative

to receive menory address which is indic y an ‘oper an an
i nstructi campwkiegei n t he cache controller is to flush a cache |ine

associatedaggth t he ey addr ess étored wi thin the cache nenory; 14 11

MAR 2004 ahd2d oF FEFMRL LR RFISR: 899 ¢ o generate a predeterm ned bus

transact i @rsetdrdibwatomepllch® rec@vethy na@resRirdsh ffoStAe fifse bidcdnfrellémmt taict i on,
whet her t nory address is cached in _a npdified state or i.n anot her
state in Bﬁgﬂeér&m@esr?g memqry adgygss %?fs%wafﬁwgﬁsft lgashpng ederngcache n t he
predet er mpgRhous transaction is to request invalidation of a cache

| ocation correSponding to the nmenory address, further conprising: at |east
one external cache nenory; and a second bus controller to receive the

menory address fiomythe Lishe B GORE bRk Sl Kfther comprising write

combining buffers operative to communicate to the bus controller, wherein one of the
write combining buffers is allocated in response to the instruction to store an entry
indicative of a cache flush operation without data from the cache memory corresponding
to the memory address despite data corresponding to the memory address being present
in the cache memory in the modified state, and further wherein the apparatus is to
generate a self snoop which provides data for a separate bus transaction to write back the

cache line associated with the memory address.

14. The apparatus of claim 11 wherein the bus transaction comprises a zero length

access and an indication to perform an invalidation.

15. The apparatus of claim 11 wherein the apparatus is a processor and the
instruction is a cache line flush instruction which is weakly ordered and can be executed
by the processor out of order with respect to other instances of the cache line flush

instruction executed by the processor.

16. The apparatus of claim 11 implemented using any combination of one or more

of hardware, firmware, and instructions on a computer readable medium.
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flush instances of the menory address stored within the at |eastq] ¢rMAR 2004
external cache nenory. 13. The apparatus of claim 11, the cache controller
further conprising wite conbining buffers operative to conmunicate to the
bus controller, wherein one of the wite conbining buffers is allocated in
response to the instruction to store an entry indicative of a cache flush
operation without data fromthe cache nenory corresponding to the nenory
address despite data corresponding to the nmenory address being present in
the cache nenory in the nodified state, and further wherein the apparatus
is to generate_a self snoop which provides data for a separate bus
transacti on to Irfcempaiekarchiecturgedraprising associ ated with the nmenory

addr ess. of ' rein the bus transaction

conpri sesja;m%%%}ga%ﬁg‘{'ﬁé&z\g%fé%gk(g{ﬁ?ng%h?ﬂr%@ﬁ’cati on to perform an

i nval i dat iabieastbhe eXtamabgrohe memsnodititih shemoherensyhdnneiing t he apparatus is a

processor and the instructi.on is.a cache line flush instruction which is
heakly or dameh el L wifiksmbiing i e e cEBUST B4 Sesrele 0 ¢
respect t Qe®@iRer mémstyAd8RSs, &f ddtétmitersh@hdr thdtBerhbiy Sl drebd s siokde widhin eheecut ed
by the processor. 16. The apparatus of claim| I inplenented using any

conbi nat i GPseft caghe nepmarp inthe gphatencyl Wamain, foj flushdheecachaline assqciaed withs on a
comput er rtﬁé‘]%@x% é&ﬁ%&'&bﬁé%&)% %@1&%‘{]’&&2 meé}?gfﬂﬂﬂé Eﬂme?ernﬁﬂh&ﬁgikur €
conprising: a closest cache nenory wthin a coherency domalh; at 1east one
ext er nal @ad healiveatethe wiiteliombinuee bwdtee teean flyshdostriction with alhaeraorytaddtekgr wi t h
awite corrgi ning buffer, the cache controller being operative to receive
a nmenory ress, to determ ne whether the nenory address is stored within

the cl osesfus camhfleflRRObS dofitrdlEe beiap OpeaeHE t6 @tRive thd Betbtydadichefrémche |ine
associated wth the nepory address stored within the closest cache nenory

in the colbs writaronbipingbuffésand tflughiipgances efithe mempw address sipvsd Wthinde to a
flush i nstg et eRnWintethd %itﬂﬁ@éé’olﬁ%?zfﬂoﬁﬁainand a bus controller, the bus

controller being operative to recelve e nenory address from the wite
conbining buffer and to flush instances of the nenory address stored within

the 18. The architecture of claim 17, the bus controller receiving a first control bit

indicating whether a write-combining buffer is allocated to the flush instruction with the

memory address.

19. The architecture of claim 18, the bus controller further receiving a second
control bit indicating whether the memory address is stored within the closest cache

memory in the coherency domain.

20. The architecture of claim 19, the bus controller further receiving a third
control bit indicating whether the flush instruction with the memory address should be

evicted from the write-combining buffer.

21. A process comprising:
receiving a memory address by a cache controller;

determining whether the memory address is stored within a closest cache memory in a

coherency domain,




external cache nenory within the coherency domain. 18. The architecture of
claim17, the bus controller receiving a first control bit indiigt' 004
whet her a wite-conbining buffer is allocated to the flush instraction wth
the nmenory address. 19. The architecture of claim 18, the bus controller
further receiving a second control bit indicating whether the nenory
address is stored within the closest cache nenory in the coherency donain.
20. The architecture of claim19, the bus controller further receiving a

third comfysiing e cabiifeisi R \Gi fe nidMor) hdtREsisibedd Withih @k Ybdely t he nmenory

address should be evicted fromthe wite-conbining buffer. 21. A process
conpri si ngacheguemery igthg cabererdy desdiness by a cache controll er; determi ning

whet her t r 1S . 1.t Dy C S ry in a
coher encygggﬁ%lgg ,a*&'gﬁ] %[fﬁﬁ}ﬁiﬁ'%ﬁﬁ‘ﬂ? ﬁ%'srh\%}tn%ﬁd? ﬁgtoc%{gvﬁge %q“ﬁogﬁgggg@égt ed with
t he menor yraasidittrssths flosteitstactibh withhtibe kmseysiddresabacbugenmrgller throlgh thoher ency

domai n; aIIocatiQ.%.a flush instruction with the nenory address to a wite
conbi ni ng “WF £RRO! "‘tgrbé‘rqéfﬁtting the flush instruction with the menory

address t Qo@tiﬁ%&s&ﬁ&tsrd?m&ﬁerh&@%l%sst Sisted Within@xEPhE) CRING Inetiry Qithin @€at i ng
i nstances of the menory address stored within external cache nmenory within

the coherehgroncysioriain; anhd f1 ushi ng i nstances of the nmenory address stored
within th : Y, LN Ae: ' i The
process. ont oy ag eS8 MEHRL Rk iked b RE B EREY LR RiRop Sed

cont r ol | enheduodeteacy dormint e- conbi ni ng buffer is allocated to the flush

I nstruction with the nenory address. 23. The process of claim22 wherein a

second control bit indicates to the bus controller whether the nenory
address is storexd, Thé piobess b€ cigiOBeskeréin @ Rst ¥BARS1bit ifditdies toGRdRIsency domai n.

controller whether a write-combining buffer is allocated to the flush instruction with the

memory address.

23. The process of claim 22 wherein a second control bit indicates to the bus
controller whether the memory address is stored within the closest cache memory in the

coherency domain.

24. The process of claim 23 further comprising:

evicting the flush instruction with the memory address from the write-combining buffer.

25. The process of claim 24 wherein a third control bit indicates to the bus
controller the flush instruction with de memory address should be evicted from the write-

combining buffer.

26. An apparatus comprising:
a cache memory;
control logic that, in response to an instruction having an associated address indicating a
memory location, generates a first type of transaction requesting invalidation of the

" memory location in other caches regardless of a state of or presence or absence of data
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24. The process of claim 23 further conprising: evicting the flush

i nstruction with the nenory address fromthe wite-conbining buffer. 25.
The process of claim 24 wherein a third control bit indicates to tht MAMJ004
controller the flush instruction with de nenory address should be evicted
fromthe wite- conbining buffer. 26. An apparatus conprising: a cache
menory; control logic that, in response to an instruction having an

associ ated address indicating a nenory |ocation, generates a first type of
transact i g he AR REatdhVinkhelabhOBeRbry! SR 1USRIDRY meRfoRS lo@Ridn Trdd fier _caches
regardl ess of a state of or presence or absence of gata 171 1 MAR 2004 for
t he menor yathsgaemern, whereindheiastnistior ifor sacheaking flush simtructidre andwberginthe at i on
fromthe LY ej i nstruction.is a_ gaghe Jine flush

ot uct | GRLClifey TR s WALl DBl A Rt e RN MR ese i ch
I's an operissmbctien, hhd firthehehdreinghd finsstype obtransadtionis a 24v0 ldngthl Mémongher ei n t he
first type of transactiqn is a _zero | ength | I ccess and invalidate
bus cycl e ¥¥ffat af&ﬁwv%sﬁ%te}"aw@? 141 CopyBYS RS GHOtess Which By FaslatAn Blf‘ t he

| i near adqr&EBsear &ddresiNe apparatus of claim 26 wherein the instruction is a
weakly ordered instruction which can be executed out of order by the
apparatus with respect to other instances of the instruction executed by

t he apparatus. 28. r ' s | logic, in
response to the:%rEg?ﬁ%%ﬁﬁ%ﬁﬁ%gﬁﬂgé?ﬁég@ﬁ%%§$%@§@ﬁép%%%ﬁgfﬁ@%%@y whi ch

I nval i dat esstaciéacihich icaebe eeruted patrediondyr bpthehppastaoviithirepeadaothes. 29. The
apparatus .of claim26 wherein the cogtrol | ogi ¢ conprises: an instruction
fetch uni tPYNCELPLIRe Ingiuqtion exeruiqd Y the pRIATAINS- t he i nstruction is a cache
line flush instruction; an instruction decoder unit to decode the cache

line flush instruction to generate a mcro- operation; a reservation
station to recei v& Fuarparatagobpamzsivigrain beconfeolilogie. i raspeise xdi8der unit; a

MEMDry Or qglihBfor! Rhdsed £ sl QireRGHY didrflor) RHidH ihdlidhids Radhe ¥nder €d wi th

respect to other
corresponding to the associated address.

29. The apparatus of claim 26 wherein the control logic comprises:
an instruction fetch unit to fetch the instruction, wherein the instruction is a cache line
flush instruction;
an instruction decoder unit to decode the cache line flush instruction to generate a micro-
operation;
a reservation station to receive the micro-operation from the instruction decoder unit;
a memory ordering unit to allow the micro-operation to be reordered with respect to other
micro-operations but not with respect to fence micro-operations, the other micro-
operations being load micro-operations, store micro-operations, and cache line flush
micro-operations; and

a bus controller having a bus queue to queue bus transactions.

30. The apparatus of claim 29 further comprising a plurality of write combining
buffers, wherein an entry is to be allocated in the plurality of write combining buffers in
response to the instruction, and further wherein the entry indicates a cache line flush
operation but is allocated without data associated with the memory location from the

cache memory.
18




m cro-operations but not with respect to fence m cro-operations, the ot her
m cro- operations being | oad mcro-operations, store m cro-operatdrMAR 26d
cache line flush mcro-operations; and a bus controller having a bus queue
to queue bus transactions. 30. The apparatus of claim?29 further conprising
a plurality of wite conbining buffers, wherein an entry is to be
allocated in the plurality of wite conbining buffers in response to the
instruction, and further wherein the entry indicates a cache line flush
operation but is allocated without data associated with the nenory | ocation
fromthe cache nmenory. 18 1 1 MAR 2004 31. The apparatus of claim 30
wher ei n the meddr Jhernparaiusef akim 3G whetiddhesmemertagderinig it epnsidrss a data

0 2P HelofhelficREoffiaeh Be bl bfle RRLISIARERS B fithl 2t L oF | 32 The
appar at us 5 ai erel an'e cac I'ne flush instruction
is allocated in a wite comnbining buffer as if the cache line flush

i nstruction wer store ndf er. V\/nerel t he C ration is

i spat ched t  onatiarrashsel i e 58 Ehey Bt oty e SRRiEuRn be
nmenory | oGaaligeRted $n 4 Wik @ntiniABbLITE as ¢RARE EachB ITRE MushinStAREEN SRrddst@esel f
snoop initiated by the control logic, and further wherein the self snoop

i s initi atad fytheywhereln the mierg- W%t*@%@wpﬁ@hﬂvﬂrpﬁé%dd!%!-y occurred in
response to the instruction and associ ated address. 34. The apparatus of
claim 26 wherein the first type of transaction conprises a nenory access
and an indi cati¥3nToe appara&npm’silaimaz wiein tﬂamemosgslocathm ia fipshedtfiom e cl ai m 26
wherein the _.control onse.t ctl on to generate
At east  GAENETEnGY i ERTIse I T DR RIS s PO R ST A PR for each
associ at edytstdli GeScESEP idirfGatyd oily fihil inShaneke mémbh@rmsﬁsljuﬁdwﬂed t hat
conpl etes _execution. . An appar at us conpr|5|ng a cache nmenory;

i nst ruct i GMTISEONSR 19 %.l%stwsthw@wswcw@wé FFsh macroi nstruction, the cache
flush rmacroinstruction having an operand that indicates a nenory address;

decode |l ogic to decode the cache flush macroinstruction into a
m cr o- oper at i o¥4. The apparatus of claim 26 wherein the first type of transaction comprises a

memory access and an indication of a request to invalidate.

35. The apparatus of claim 26 wherein the control logic, in response to the
instruction, is to generate at least one bus transaction indicating an implicated cache line
for each associated address associated with any instance of the instruction that completes

execution.

36. An apparatus comprising:
a cache memory;
instruction fetch logic to fetch a cache flush macroinstruction, the cache flush
macroinstruction having an operand that indicates 2 memory address;
decode logic to decode the cache flush macroinstruction into a micro-operation;
execution logic;
memory ordering logic to allow the micro-operation to be reordered to complete

execution by the execution logic out of order with respect to other micro-operations from

other cache flush macroinstructions also executed by the execution logic; and




execution logic; nmenory ordering logic to allow the m cro-operation to be
reordered to conplete execution by the execution |ogic out of ordet MARQN04
respect to other mcro-operations from other cache flush macroinstructions
al so executed by the execution logic; and 19 1 1 MAR 2004 a bus controller
that, in response to the mcro-operation, generates an invalidate
transaction indicative of the nenory address and is to cause flushing of a
menory | ocation corresponding to the nmenory address fromthe cache nenory.
37. The appakabiteolRE tHal, 3 Fspidhst W the Hicr6QpBratish, Menerfte it ndhlidate Of write
conbi ning buffers, wherein a cache flush operation is received by the

write coniransastjomindicative of themgmorisadardss and i hecavesrushinglefragseményom t he cache
menory. 3 . . lai in_ the y ordering |logic
allows r g%‘%ggrﬁFﬁg&g*?ﬁc{"ﬁ%“’%ﬁ%‘5‘8%%%%@%‘%5%@8%%@”? E%rﬂeg@tg& o load and store
instructions processed by the nenory ordering logic to any of uncacheabl e,

wri t eback, and cheabl e ecylative wite conbining nenory type

| ocations, but %ﬁﬁnﬂ?ﬂ?f?&‘b@@éﬂm%%ﬁ‘hﬁéww%t ruction. 39. The apparatus
of cl ai m 3Glumhg oFiwité Bmbining buffedsewhdrain aaatHeqMush Sp&tafid @ réeel @ By tRf
transaction that is generated in response to the mcro-operation regardl ess
of a stat eVijg corpb@maxuéferfrW@Wémf@m the mgmaey address Gremrthe pashelmemons t he
menory address in the cache. 40. The apparatus of claim 39, wherein the

invalidate transaction conprises a zero |length nmenory access and an
i ndi cation to i38/3he dppacatohef otva A6, Whensin theImendorg psdeeiny dapipaliosvsng: a first

processor havin first cache cachin first dified data val ue at a
First adaredteri stahe mitio-gprionssiin watheRly 'aoCand i insierions PEewveT &Y second
nodi fi ed dRé memahlRdé@ingdogis BSAYbIAdEHcREDle, QXQBEIE and lihdasheabRChe | ine flush
instruction indicating the first address _and a second cache line flush

i nst ruct i FASGUIAYIVE JritsePmRbiBINg McHEy HiPe lesakonsgbifl nphwith &55BerE &0 @ BNEhe first and
second CaQHﬁn&L&? flush instructions to generate a first instance of a

first type of lué cycle and a second instance of the first type of bus

cycle to the first processor, 20

39. The apparatus of claim 36, wherein the invalidate transaction is a single type
of transaction that is generated in response to the micro-operation regardless of a state or

presence or absence of a cache line corresponding to the memory address in the cache.

40. The apparatus of claim 39, wherein the invalidate transaction comprises a

zero length memory access and an indication to invalidate the cache line.

41. A system comprising:
a first processor having a first cache caching a first modified data value at a first address;
a second processor having a second cache to cache a second modified data value at a
second address, execute a first cache line flush instruction indicating the first address and
a second cache line flush instruction indicating the second address, and
in response to the first and second cache line flush instructions to generate a first instance
of a first type of bus cycle and a second instance of the first type of bus cycle to the first

processor,
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1 1 MAR 2004 wherein the first processor wites back the first nodified
data value in response to the first instance of the first type of bﬂ@#&
cycl e generated by the second processor, and further wherein the ée 2004
processor wites back the second nodified data value for the second
instance of the first type of bus cycle. 42. The system of claim41l wherein
the first type of bus cycle is generated in response to execution of a
cache line flush instruction by the second processor regardless of

presence Gihedhs BRIBsProQksod wiite BicR iheFirGarRfinidd Dt Ghd RIPQORING 0 an
address indicated by the cache line flush instruction in a cache of the

second pr direldaspnce gthefiig tygesafdis eyclagearised bywhreseepnd privecssercansl fuithes 1 ush
Instructi Qi &, &e%@clﬂld roc%EQ)? Wﬁjesl dasth i GEdoRE n%ﬁﬁeﬁtdag ‘%er%%r f?l]; s?t{ogg rwth

respect to other menory operations 1ncluding other ca I he ush

i nstruct i onsarex ef tedoisthypeaofbungyole. pr ocessor. 44. The system of claim4l
wherein the cycle conprises an access of zero length and invalidate |ine

i ndi cation. 45. An apparatus conprising: a cache; an instruction fetch unit

to receive a caghqht kyisdin bN@aimug tviRreinthe¢ifitg ﬁeldfm@eyc@éiﬂrgeﬁeﬁa@@i@n
operand; ordering logic to allow the cache flush instruction to execute out

of order WPYPANYeS gErcutionof peashe lingmBushinstiugtien he serond pecpwser tegardleand st ore
| nstructl Qﬂ?:re@%e oF t&‘i‘s"enécffb%to?%ﬁ?e ﬁfa ﬁsa% lin%%sﬂﬁsgt)h&iﬁg td APAdIHES irdtarednd
val 1 date a cache

control logic to in rne1nt cache corresponding to the
| i near addydbescache lipy Bigshrinstiuatiorhian acacieeo famisecondsprgeraborot her caches to

i nval i date any present cache lines corresponding to the |Iinear address.
46. The apparatus of claim45 wherein the control logic is to signal other

caches regar dl48sFheddys@mSifalatm 9f wherelthe edthe i fladhsipfarto istdeskBche | i ne
in the cache. 21 11 MAR 2004 47. The apparatus of claim 46 wherein the

control | G§feed Wstrystiga puseatablepus phepder wilpeeseact i hermamone PPEALIMNE response
to the caghag,dihp'sfes Behd e AN ﬁﬁs@n@@ﬁ&ls%ﬁ@cu@cdlﬁassti@@pﬁtes%r. presence or

absence of the cache line in the cache.
44, The system of claim 41 wherein the cycle comprises an access of zero length

and invalidate line indication.

45. An apparatus comprising:
a cache;
an instruction fetch unit to receive a cache flush instruction having a linear address as an
operand;
ordering logic to allow the cache flush instruction to execute out of order with respect to
other instructions including other load and store instructions and other instances of the
cache flush instruction; and
control logic to invalidate a cache line in the cache corresponding to the linear address if
present in the cache and to signal other caches to invalidate any present cache lines

corresponding to the linear address.

46. The apparatus of claim 45 wherein the control logic is to signal other caches

regardless of a state of or presence or absence of the cache line in the cache.
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48. The apparatus of claim 45 wherein the control logic is to invalidate
the cache line as a part of a self snoop performed in conjunction YM{t¥AR 2004
snoopi ng ot her caches. 49. A systemconprising: a bus; a rmain nmenory
coupled to the bus; and a plurality of caching agents coupled to the bus
form ng a coherency domain, wherein execution of a cache line flush
instruction inplicating a cache line by an executing one of the plurality
of caching agents is to cause invalidation of the cache line in all of the

plurality of caghi in.t her.en d i . ener at.i a first
Pype of bus trdnd e PR Sol a8 s AL Famah TR s adBfHEG 4B 0t <
whet her ortypeaif bub earsactivn ihiresponss to thedaéHedThsh thstri@tionxegaidlesspfanentoss drhe

plurality of cachi agetﬁs. 0,. The, system of claim49 wherein the
execut i ng PEENSSOr AR ?#I?F¥$°BFEE§EﬁéWB& agents is to generate a nenory
access and invalidate cycle to snoop caches of each of the plurality of
caching agents. 51. The system of claim50 wherein the nenory access and

i nval i dat e cycl 48. Bwrapparaws oficlaiar4s wherkjn therpeniselyogie irie anvalidate thecraghe
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caching the cache line in a nodified form including the executing one, is
to provide thqﬂf che line for the first type of bus transaction when it
occurs. 53. The sysY&HFO™S 52 further conprising means for buffering
the cache dyyge flush instruction wit a caching agent. 22

a main memory coupled to the bus; and

a plurality of caching agents coupled to the bus forming a coherency domain, wherein
execution of a cache line flush instruction implicating a cache line by an executing one of
the plurality of caching agents is to cause invalidation of the cache line in all of the
plurality of caching agents in the coherency domain by generating a first type of bus
transaction received by the plurality of caching agents whether or not the cache line is

modified in the executing one of the plurality of caching agents.

50. The system of claim 49 wherein the executing one of the plurality of caching
agents is to generate a memory access and invalidate cycle to snoop caches of each of the

plurality of caching agents.

51. The system of claim 50 wherein the memory access and invalidate cycle
comprises a zero length memory transaction and an indication requesting that an

invalidation be performed.

52. The system of claim 51 wherein any one of the plurality of caching agents that
is caching the cache line in a modified form, including the executing one, is to provide

the cache line for the first type of bus transaction when it occurs.

53. The system of claim 52 further comprising means for buffering the cache line

flush instruction wit a caching agent.
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