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time where each task or thread is executing on a separate processor or group of
processors, enabling multiprocessor systems to efficiently serve multiple

20 functions at a time. Multiprocessor systems incorporate many methods of
allocating processor resources to the various tasks or threads they execute, all of
which are designed to take advantage of the capability of such systems to
perform computations on more than one processor at a time.

Early multiprocessor systems were typically large mainframe or

25 supercomputers that were comprised of several processors mounted in the same

physical unit. More recently, multiprocessor systems have evolved to include

i arrays or networks of interconnected computers or workstations that divide
large tasks among themselves in a way that is similar to the division of tasks in
traditional multiprocessor systems, and can achieve similarly impressive results.

30 A variety of multiprocessor system architectures have evolved to include
various combinations of these attributes,
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25 bus. Storing data in cache provides faster access to the data, as cache memory
is typically a more expensive but substantially faster memory type than is used
for general system memory. The cache assaciated with each processor or group
of processors in a distributed shared memory system likely maintains local
copies of data that resides in memory local to other processors, and so also

30 reduces the need to retrieve such data over the system bus,

Information about each block of memory is usually stored in a directory,
which indicates which caches have copies of the memory block, whether the
data is valid or invalid (dirty), and other such data. The directory is used to
ensure cache coherency, or to ensure that the system can determine whether the

35 data in each cache is valid. The directory also tracks which caches hold data
that is to be written back to memory, and facilitates granting exclusive write
access to one processor to update the memory. After the memory is updated, all
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Detailed Description

In the following detailed description of sample embodiments of the
invention, reference is made to the accompanying drawings which form a part
hercof, and in which is shown by way of illustration specific sample

25 embodiments in which the invention may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized and
that logical, mechanical, electrical, and other changes may be made without
departing from the spirit or scope of the present invention. The following

30 detailed description is, therefore, not to be taken in a limiting sense, and the
scope of the invention is defined only by the appended claims.

The invention provides methods for reducing the impact of cache line
invalidation on cache efficiency in distributed cache multiprocessor computer
systems. Figures 1 and 2 show examples of multiprocessor systems with

35 distributed cache, including the distributed shared memory configuration shown
in Figure 1 and the bus-based shared memory configuration shown in Figure 2.

The distributed memory configuration of Figure 1 includes a plurality of
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reused in the Ntse [ uésl%ﬁ be reused gn!ea? fu%[rs 'leﬁecdam is prefetched in one
embodiment by snarfing, which comprises intercepting data transferred between
25 two other devices on a bus. Such snarfing takes place when a remote cache
transfers a line to the requesting device or when a modified line is written back
to memory. The invention in some embodiments selectively broadcasts over the
bus those lines that are written back from level one cache (L1 cache) to level
two (L2) cache, so that the write-back line data may be snarfed by other caches
30 with involuntarily invalidated copies of the same line.

In compensating for cache invalidation, the present invention in various
embodiments attempts to predict the future cache misses due to invalidation of
cache lines. Actions are taken to reduce the cache coherence misses, such as
snarfing selected data off the bus and writing back selected data over the bus to

35 facilitate selective snarfing of that data.

To facilitate prediction of cache misses due to cache invalidation to

ensure cache coherence, an Invalidate History Table (IHT) is established in each
4
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In general terms, the result is revalidation comprising updating of the

data stored in invalid cache lines or creation of a new cache line entry for cache
lines that are recorded in the [HT whenever valid line data for the particular line
25 is broadcast on the bus. Such broadcasts can happen when a line is transferred
from a line owner’s cache to a requesting cache in response to a read miss
(cache-cache transfer), or when a modified line is evicted from the owner’s
cache and written back to memory {modified write-back). In a cache-cache
transfer, the data is snarfed in & cache only when the line is recorded in the
30 cache’s THT as clean-invalidate invalidated. Dirty-invalidate invalidated lines
are not snarfed in cache-cache transfers because it is considered likely that the
requesting cache will be updated shortly, invalidating the snarfed line.
In some embodiments, when a line is snarfed or preloaded because it is
recorded in the IHT, the IHT will not again record the line as involuntarily
3s invalidated if it is not referenced before it is again invalidated. This allows the
IHT to adapt to the need of other nodes to use the same data.
In some embodiments triggered by a modified write back, all caches
5
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embodi ment s, t NGvention, two methods are utilized to limit the amount of bus traffic generated

by L1 write-back broadcasts. First, in one embodiment, an L2 write-through bit

25 is associated with each L2 cache line entry. An L1 write-back broadcast is
issued only when the corresponding wrote-through bit is on. This write-through
bit is set when the processor obtains ownership of the line by invalidating the
line in other caches. This situation occurs when a read or write miss causes
invalidation in other caches. Second, rather than broadcasting both the address

30 and data of the written line, the data is sent only after a matching address is
found in any other [HT.

In further embodiments, write-backs from L1 to L2 cache are not written
back to memory over the system bus if the write-through bit of the written back
line is not on. In another embodiment, the L1 to L2 write back is not written to

35 system memory when the written back line is not present in another cache’s
IHT. Such rules that restrict memory write backs to lines likely to be needed in
other caches serve to further limit the number of transfers over the system

6




-prel'oaded lines are placed in a separate preload buffer until theiZrd 8CT X0
use, % % they are pronoted to L2 cache. The prel oaded |ines in
vari ous | ent's occupy various positions in cache, fPgH{S01/18683

| east-recently used (LRU) to nost-recently used (MRU) for purposes of
age or least-recently used cache 15 |ine replacenent. In sone

embodi ments, pl REMRG Pusdp allryiate risk9& Hogdingtthebuseath i1 cache emite-hackised dat a

posi tion or neamctiviy. | east-recently used p05|t|on can renmedy cache

pol lution problens b Gl he p aded ne o of cache if it is
not soon used. .In sggg%tlﬁu%{eswc f‘"é“@%{zﬁms 'ﬁ“ﬁ‘?tt"gffhfﬁcfﬁ“b‘élﬂ@a% over the
bus for possi bl éncomr%lﬁaﬁriwﬁ@ute@ phares arravangisyistemfwithmultiple loval 11 abde

consi dersed. | n k@ryctey sTheembodimest it gremm,ﬂglgft ggvmdg@qlgﬁ&yrrme 3 L1 cache

write-back acti &y nder emact|V|ty
I n vari ous enbo rre‘r? ts &L{Ohgﬂat&p&lent g{@) aﬁ@"tl %‘%‘PFWWBed to
limt the aerunPr°8FSS?fl}§’ ??%Wé%@rﬁ’émaﬂéﬁe fqyynvglllnmlyudmbasikndntdadcast s.
First, in one en&nhdl:msrdue.t@d&cﬂclohwmﬂcea&thhﬁugh bit 25 is associated with

each L2 cache |ine ept 0a I SSU d onl'y when
t he correspondin w%ttgﬂtﬁﬁgblé_%“%#egggg val “%’qw Sﬁ“é“f"ﬂ%ﬁbw it is set
when tHE procesSGPPaETed |‘W§° §tphps 363 @h@lqatwﬁﬂlprnhnmesmmnglg t he
line in other cHfRemry i?hbharﬁin&ﬂﬁhﬂe@ﬂdn&?&n&ﬂaﬁdm es'lltrffeﬂﬁi \ﬂ{te-%é m ss

both the. addr ES?EWHS“"Q‘“? W“"?’%ﬂ?&‘&“?ﬁf'@% il b Bbadkagignt ont'y
after a matchin§” eéglfq%'éé qa @Eﬂﬁ’da Prﬁba%?‘tBﬁlPP@ﬂ’ 2306 inasseriatédorith

enbodi ment s, vvrbatctaetumcinsthdmmd300’,clohdénﬁ@@hﬂ1ecﬁﬁé%tmﬁre?fdldaa&muemck to
ymenory ;gver theeé-w&m]mdﬁddtés the wite-through bit of the witten back
line is not on. ?h[c,the enbodi ment, the L1 to L2 wite back is not
witten to 35 syste B@'h‘ﬂ’r GRFhe fead H@WPP@@ﬁ“I@&&GbMM,MbOMt present in
anot her cache' spro¢dsfars Bdblhoku;ithslmmntherr&stcwﬁi e i dified\¢ ygfb@ﬁks to

[ines 11 kely t oy Beadesniuline ShhEwif a5 8%3&&2:&:8?5&%3273'“ the

nunmber of trans stem ?%tﬁ
PCTI U801118683 ‘b°£§“t‘8‘5 PO at blhg {1ds glgo tererdndas gleamiavalidate wi t h LI

cache WPit e- bacit thediT efitheotheriprpaeseors thdst protessresillanar i eaplaing embodi nent
of the present fhevfhbit®tache iraﬂﬁféf R sathi 2AShstincl, b lihPbciflesSHALE 158 TOT Y
systemwi th mul § Lol e LAGRL ikt is 3% ved from the IHT after the line is snarfed. The
‘P’ bit in the L2 cache as shown at 306 is set when the line is brought into the
L2 cache due to an early clean-invalidate. The ‘P’ bit is reset once the line is
25 first referred to by the processor. The line will not be recorded again in the IHT
even upon another invalidate request as long as the ‘P’ bit remains on.
In the above situation when the modified line is not recorded as clean-
invalidate in any other IHT, the original owner will invalidate the line and
transfer ownership along with the data to the requester. In this case, the line
30 will be recorded in the IHT of the original owner as dirty-invalidate.
Meanwhile, the requestor will turn on the write-back bit “W?, indicating the
corresponding line is a candidate for L] write-back broadcasting.
When an L2 write miss is issued on the bus 305, all other processors will
look up the line in their L2 caches. If a modified copy is found in any of the
35 searched caches, the owner will transfer the line along with ownership of the
line to the requester, The line is invalidated from the original owner’s cache
and recorded as dirty-invalidate in the IHT. The requester will again turn on the
7



5 L2 caches. The enbodiment inplements an Invalidate History Tabl & { 0EN0

303 and awwdzlegsekhrough bit associated with each L2 cachecliysgy/sdigwn at
304 in each processor node 301 and 302 to conpensate for involuntarily

relinqui shment of cache lines due to cache coherence activity. In this
exanpl e enbodi merg. a0 . ovalidation type bit T.shown at 308 is 10
i ncorporated i ntﬁe‘?@ﬁ b%ﬁ&gﬁat%%%ﬁ%m? Eﬁlé"ﬁt‘%a%’?a]@ﬁég°’tlﬂe
correspondi ng | Witeehiel rogdsasting. chkeamntslynitd sharsd eopyiis fdind ip-onewrhordat e | HT
ent {y- bThE Wi g Qsehrhhﬁlfﬁfhes,l@llfsha}éﬁfcoﬁiw% iﬁhli&@?ﬁﬁ@ﬁ@&&k}i O.E %eﬁe&&g;t _
wri t e-back candi or. br casi.in ver e _hu . Ln addition, a
prel oad bit P sh%%%gfle%ﬁlgpﬁlgggsggﬁlf 5%8’(1'?%9‘?‘?5?0%‘5@}??58&'?)9“ the ‘Phe L2 cache
307, to Bdenti f ywritgciaek bit aseociated peithghecregiested linpoin LAgashe.o 15 early
ggean-: Inval ihdat es. W\Eﬁbnaﬂm&irﬁcalsdéﬁiireéﬁbegiaﬁcfthéwbﬁiﬂ@ﬁﬁ,%te the bus f
5, all other r WLl 1o the line Ln their, caches. If a
nodi fi ed copy is&?%ﬁsgg%%l%gnlfl& “%p‘hgg'gﬁéoé’?s??rﬁg"lgmﬁtt\ﬂ’I ¥ 28hsfer the
line to the requukssar ths lipewhengeer thedina iscreqanded drogng or moredHi's,meethey. | f t he
line is also L ecleadeaaasxeﬁi-aaﬂ;dhﬂlawahii-@l%alime.iiﬂsﬁclgan_la;lﬂh;ﬂé,ﬁ{ehﬁeot her
processogs, tho Iy . 1. t uring,.the .
cache-t 86 cache '?lfegﬁé%gsrﬁ&éfn@g%}qc Léﬁ_giﬁlr’é'? gafggeg%%?ﬁé p'fcf)mgﬂﬁ%ﬁcgéf@ﬁar ed.
Al so, a cl ean-ilingds reerrded in thedHT gs digyinvatidate apdhthet{ cashe lisesteis he |ine is
snarfed. The " P shbred, anticipating the linewtlEbeasiodificdVsordly afkd eheiréadS Hecaben the line
i's brought into I&rgﬁ:as'ﬁﬁ v . clean-inyal i.date. The 'P
bit is reset once the %ﬁgi?gn%#%r@?n]rﬁgg’%%épg%f]%?'gn%vx eb'%ardgf?éssor. The
line will not bes2pdebiifreed o gimply discarded fthabusisesrydy®h anot her invalidate
request1ms |ong as t Replagnieht oferodified lindfrom L2 chde SiRHAY GAll aldhyson when t he
modi 11 ed 11 ne 1 S,k ifiglch Gtk Ao Bdasstrd Al letletnd dulondifidhe | T the
original owner wll ‘invalidate the Fine and transfer ownership al ong
with the data t F*EIRLIGr thesache &om which fhe linewasevictefle | ine 30 will be
recorded in the JET Manyembatimeritswflthoinveatiomsthetithah yhoséisdussbdabove
Meanwhi | e, the rgge gl e | fe- bt Wi dpdicating
t he correspondia?]lg f&@?ﬂgnglgwﬁgg@gw%ﬁ%lﬁo?ﬁgggﬁ&m%gl cgsting.

When an?l2 wri tescgﬁeso§ ednyerliqhe Vst Af anfET3nd thsprsload prd wrtskack it cessors wil |
| ook up the |inessagiatedenith I22adedinessfacilithteaeduotitinfof e irapaay of caciedined i n any

of the 35 sear chpdigafh e 1ol ARy e iiild whife 33486 adolfer blioggsstﬂ'lopng Wi th
ownership of the %Aﬁng to. the req est:’}g& The lltgﬁ?,’ IS Invalidated fromthe
origi nal owner' SE¥EEFHEN %frﬁf"&@é ? BREPCHET BROPISIPYS IYBIO¥INE G3¢"Re | HT. The
requester will afbdiency.utse afialterhate gmbodiments that perform the same function, such
25 as using independent tables that record cached line addresses or other means of
storing information comprising a part of the invention rather than the ‘W’ and
‘P* bits as described in example embodiments, are within the scope of the
invention.
Although specific embodiments have been illustrated and described
30 herein, it will be appreciated by those of ordinary skill in the art that any

arrangement which is calculated to achieve the same purpose may be substituted
for the specific embodiments shown, This application is intended to cover any
adaptations or variations of the invention. It is intended that this invention be
limited only by the claims, and the full scope of equivalents thereof.
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‘WO 02101366 2 0 OCT 2004 PCT/US01/18683 Wwite-back bit, indicafigng amhe
corresponding line is a candidate for LI wite-back broadcasting,
Alternately, if a shared copy is found in one or nore searched caches,
all shared copies are invalidated and recorded in the respective |HIs as
clean-invalidate. In this case, th€LadM®stor will also turn on the W5
write-back bit associated with the requested |line in L2 cache. When an L
| wite-back is received and the Whit is on, an early broadcast of the
line isjgtrig ni%lnl ] ﬁlYﬂelrEs? r&,l;h g{gUffs, and wll
snarf the Ii%ghﬁgnevé}r&t e r??\ééﬁgbr cor d)éd&?’n orﬁggmg nore | HTs, whet her
recorded as xplasbity of/procetadrs; or dirty-invalidate. In such an exanple, the
line 10 becorrgs shar ed. en an LI read mss is received, a preown is
triggered if@ inking,the;plurality of gEOgessArS he | HT as dirty-invalidatc and the
L2 cache |ingsptAifof Bealtiéedd: anticipating the line will be nodified
shortly after the Tead. Because broadcasting the LI wite-back is not
time or cohes eatheimelidation Histeryiialne dssasiatedowith éaehlbedal eachd; and si npl y

di scarded if the bus is very, busy.. 15 Repl acenent . of nodi fied |i.ne
rorn Lo cachor fonaeley asioriared iy EachToFel Gacheniohmg i FORBReE PPerefip ey

Pr 0ces @' ackiihValidafedl dhehd fifkescAl RoBirdh ffe Rlidres X 6P Rivaliited BiHeafRe 1 om

which the rine was evicted. Many enbddi nents of the invention other than

t hose dimslcars smticatoinglicating whetbangagh cofi tha invalldateadecashe tlimes atcaFdefumas 3 are
i bl .e Wi thi, 20 f the.i tion, f | HT

bna t nenuplERiYiE ad daruatidate o B2 DSaRrab B ig hrA 0ot iy fpug Ane

faci it RiBer QpefabieoRo Ofevhlitd NIAE tthede GRGNdated NEacht NNRds eaord¥d GHetht O

granting of exclusive wite access to another processor or nodification
of a caiomalidatine historarteblecas hmvingebesor clearniavalixiatd inyabidated) by qaenitoring the

efficiency., Use of alternate.epbodi ts .t hat rform.the sa f.u ion,
such” 2ezetor gay lindanhcien of EIBROLIAAE inuBiaeficeaRhlneY reORRA AR, G,
ot her npRMfdafibn Bib@FY Neble NAT T8 a8dbcR@MP chéteNtin@ d¥dd tan@f by hebdafin@nthe on
rather than the 'W and 'P bits as described in exanpl e enbodi nents,
are wi tinvalidated caghgplinedats with the oache ling data|asspsinigd with thefreeordedbensherding s
have been illustrated and described 30 herein, it will he appreciated by
t hose o ?’sts.ﬁshary skill in the art that any arrangenent which is
calculated to achi eve the sane purpose may be substituted

2. The shared memory multiprocessor computer system of claim 1, wherein the

plurality of local caches are local to a single processor.

3. The shared memory multiprocessor computer system of claim 1, wherein the

plurality of local caches are local to a node comprising the plurality of processors.

4. The shared memory multiprocessor computer system of claim 1, wherein the

plurality of local caches are L2 caches.

5. The shared memory multiprocessor computer system of claim 1, wherein the

plurality of local caches are write-back caches.

6. The shared memory multiprocessor system of claim 1, wherein when the valid

cache line data is present on the bus due to a modified write-back.



for the specific enbodi nents shown. This application is intended % RV,
any adaptations or variations of the invention. It is intended that this
invention be limted only by the clains, and the full scope of

equi val ents thereof. 351 8 20 OCT200 CLAIMS 1. A shared nenory

mul ti processor conputer system conprisi ng a plurality of processors; a
bus linking the plurality of processors; pIurallt tgr'c es a
cache i fval ﬂa&sharﬁdrmgm@wnvl&m%eﬁgw@rem eﬁcmn%h ‘éla“éﬁnl E&%‘F‘FEO °énd a
cache c I lo troller
oper abl @%érokérﬁg%%g nva?e't ﬁgtk V!g{ cacgﬁlnﬁdl ﬁgg &?ergggotpgﬁéga t% ﬁ@%ﬁhﬁf;ﬁ e

addr es swhernéithen it td Al shneeelineeinl another praoebsamnis idadted oo when dhecsamerlevibet her
each of the invalidated cache |lines recaorded was inyalidated vi i

cl ean .lﬁwlda&ra&@ @wﬂz@rmrmeysqrﬁ\fa?hedafl@ wh#rqlﬁéhq PXFLEm sﬁaﬂsﬁtwglffbgfgﬁ fabl e,
and A I QEwlitenes
recor de fb%ferdflﬁ%/aglc% At o)";l wl!}?lgpgerlgﬁ t agfg;@gge g%//dl%nﬂgag%gggs&% te

cl ean- |tm¢alb|it¢at_e i nvalidated by nonitoring the bus for cache line
addresses of clean-invalidate invalidated cache lines recorded in the

i nval i dati on history table and for associ ated cache |ine data and by

;gggzz: at'ed m%g‘iéﬁée [rilg{é%r ﬁ@ﬁ?gcﬁ &ﬁlﬁ% e(l}’drless|7e‘l‘lﬁgx‘m]etf?leISe gfréggacr%lanory

mul ti prechssan Idosgohd.er system of claim 1, wherein the plurality of
| ocal caches are local to a single processor. 3. The shared nenory
mul ti processor conputer systemof claiml1l, wherein the plurality of
| ocal cgches ala&afal'e rrfof &uﬂgﬁlﬁce@mgktéﬁlrlﬁ‘ ddif P) Whékint the HritbbAAEBROT S
4. The shared nenory t| processor conputer systemof claim1, wherein
the plisrsed orly vdfenlthe:ptocmohbsalamethé_bcebmqm hasswriteher edehisbe mmgpess
mul tiproc or conputer systemof claiml, wherein the plurality of
| ocal c'& %@“eare write-back caches. 6. The shared nenory mnul tiprocessor
systemof claim1, wherein when the valid cache line data is present on
the bus due to a nodified wite-back. 9

10. A cache controller, the cache controller associated with a local cache, the cache

controller operable to track invalidated cache lines by recording the line addresses of
invalidated cache lines and an indicator indicating whether each of the invalidated cache
lines recorded was invalidated via a clean-invalidate or a dirty-invalidate in an invalidation
history table, and further operable to revalidate only those invalidated cache lines recorded
in the invalidation history table as having been clean-invalidate invalidated by monitoring
the bus for cache line addresses of clean-invalidate invalidated cache lines recorded in the
invalidation history table and for associated cache line data and by updating the
invalidated cache line data with the cache line data associated with the recorded cache line

addresses.

11.  The cache controller of claim 10, wherein the cache controller comprises an

integrated circuit.

12.  The cache controller of claim 10, wherein the cache controller comprises part of a

Processor.
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'2 00 0 T 2004 7. The shared nenory nultiprocessor system of cl ap m T 2004
wherein the cache controller further conprises a wite-back bit
associated with entries in the local cache that is set when either a hit
to the sane line in another processor is detected or when the sane |ine
i's invH.i dafledcache aoratdiler opcloine $8,onvhegeinavdtien, thamaliddeehe line dite 1spresentn

br oadcast ihe- backs , from a.sel ected | ocal cache only when the |ine

bei ng V\?r}‘t%?g’lfr'}s %ﬁ?%gd‘g‘ﬁdé@g‘é’@f“gﬁ“ed wite- back bit set. 8. The shared
menory nul ti processor systemof claim7, wherein the selected | ocal

cache is an L1 cache. 9. The shared nenory nul ti processor system of claim
7, wherkt.n tHee vacht eobtolterbift clains 18.cfurthet gomprising hewvmiechagk ot assoaiated t o

t he | ocal, cache .h ite Qr exclusive wite access, to the line. ,10. A
cache. cBHe Eaeern i doceh Spe B ot Shereubs SPETR e it Ieah BaHE. ¢ he
cac he_ 15:’65655&' i5 BEte RS bﬁ%en fHe shim@ Gife 'is‘%@hl'icﬁ?édeiﬂ aﬁ%@ﬁptbb&;@&'shﬁécﬁ@ @ad di ng
the |ine addresses of invalidated cache |ines and an i ndicator

i ndi cat whereinitbe hyatens dudadodsts weitd-backs ffoat 2 deleciedhlocal ¢ache only odhanetlie liae

i nval i dat ed v.'{_ta l.ean-inval | dat e ty-invalidate in an
fn B ke

i nval i R fagpsgcid Wﬁ%ﬁgpgg‘%}er able to revalidate only

those invalidated cache lines recorded in the invalidation history table
as having been clean-invalidate invalidated by nonitoring the bus for
cache |1hne abhfreashecondfoller efelaimnih whesie therselecied decalicashe fican Lheacheecor ded
in the invalidation history table and for associated cache |ine data and
by updating the invalidated cache line data with the cache |Iine data

associ ated WKdcdche coaeslic o chidhel, WiRfein @ddwa sk bldis sthenigashed the
controller of claim10, wherein the cache controller conprises an

i nt egr apreerseorrlecal to thedocalpache haheritorn axelusive vafte aseghsionhe linherei n t he
cache controller conprises part of a processor. 10 20 OCT2004 13. The
cache controller of claim10, wherein when the valid cache line data is

present17.0n Aheethotboftieatrbling avachd, cedlpMéing.e- back. 14. The cache
controller of claim10, further conprising a wite-back bit _associ at ed

with entri estrackingninvpiidaied caghselipesaby irecosding \iheding; addegsses af invahdated sane
i nval | PG ERS il E 1RACHoL TudlEh e o AT of 16 TAMR AR e ines
br oadcagterded ivias-inaslidatddr vimn @ chah-divatidate agad doacinealiddty invaanintvilalatiome
history table; and
revalidating only those invalidated cache lines recorded in the invalidation history
table as having been clean-invalidate invalidated by monitoring the bus for cache line
addresses of clean-invalidate invalidated cache lines recorded in the invalidation history
table and for associated cache line data and by updating the invalidated cache line data

with the cache line data associated with the recorded cache line addresses.

18.  The method of claim 17, wherein the method of controlling a cache is performed in

an integrated circuit.

19.  The method of claim 17, wherein the method of controlling a cache is performed in

a processor.

11



‘bei ng written back has an associated wite-back bit set. 15. Th?EFﬂﬁhﬁ !
controller of claim 14, wherein the selected |ocal cache is an L1 cac g.
16. The cache controller of claim 14, wherein the wite-back bit is set
only when the processor local to the |local cache has wite or exclusive
wite a¥bessThomethedaf etaimil77, whernit Mden dhie vadidt cach¢ lingdatadaptesent on the

conprisj ng, tracki i nval.i dated cache lines by recording the line
addres:t@"as%blf:tt‘? ﬁ%dfnfgeflt‘@a e't@ﬁ@he lines and an indicator indicating whether

each of the invalidated cache lines recorded was invalidated via a
clean-invalidate or a dirty-invalidate in an invalidation history table;
and reval.i daThemetbnd pf claing ¢ 7, further apapsisingache | i nes recorded in the

i nval i dation_history. %q&!@ as ha iqgibeen &%ea -inVﬁIiﬁaqe inyalidgted
by noni tori gt e? Be-PATk ik aeciiiedovith 4t PR 4 the caePe 8h A AL PSS

i nval i dgh&afleidRe B Ritl th MRSsaRCIMAAGnbihet PRcésavdik ideREledBr Wheh eeysaniedleds and
for associ ated cache |line data and by updating the invalidated cache |ine

data vinvilidated imaariotheriprecedsor's casheo ahdivéngrein the system braadersts waitsacks ne
dd . 18, T t hqd i 7. wherei.n t hod of . ol i
S ool asgler ol kathe iy {hh Meithis tAHEFfifled BEK RS AR BeciefNAily L1 1

17, whegekbitlsbe net hod of controlling a cache is perforned in a

processor. 11 20 OCT2004 20. The method of claim 17, wherein when the
valid cache line data is present on the bus due to a nodified

ite- K. . d of gl ai. f h 1L.$1.0g; '
i o ook o melBacl £t pPeRlespti] e SERRSGHT PpREN AP BLE o

when eigdagpe, a hit to the same line in another processor is detected or
when the sane line is invalidated in another processor's cache, and
wherein the system broadcasts wite-backs froma selected | ocal cache
only t | in ieng.: W4t L en 4 i j he- bi t
cet” 222 tholtelRBeTEr B2t HerepE AR R0 BERER BTN S prctRste |
pr ocesslotalits thttatHe hasasdite or gdclustewiitd dvoebs @b thellimem 21, wherein the
wite-back bit is set only when the processor |local to the cache has
wite or exclusive wite access to the line. 12
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