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relates to buffer nenory managenent in a system havi ng mJI tiple execution
entities. A buffer nenory can be a relatively snall,

fas
between a memory 5 10 and another dévice that is capabl e of accﬁlﬂﬁﬂlmwmﬂlmw
menory. An exanple of a buffer nenory is a cache nenory | ocated
processor and system nBEBEYMEWMFEMahYdintal A issstef Bdvixg! Y | arge andssdsow)
to reduce the effective acces ST .e%ﬁ&?ﬂ?tﬂ?’; ]h‘e_prlﬁgessor to retrieve

ultiple )
information fromthe system nen : Sone-systens, a multi-|level cache
system nay. be used for further performance I mprovenent. A first-Ilevel cache
(L1 cactRackgpunde i npl enented in the processor itself, and a second-1evel,

typically |arggy n%%gﬁré]%sﬁﬁﬁﬂﬁ}ﬂeﬁao?ggﬁg%ﬁ%tﬁl sfefh Bl peessor .

Further, in some conventional nenory s P ncl ude 15

ufth
a cache nenory’ may
20 25 3(&xs<a¢mnanat1emstruct|on and data cache units, one to store
[ d_the other to store.dat
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unit. If information, such as instruction or data requested by t
pr ocessas a cacha|maaaty lmamddxthvwnwuh@ssmmudyystd:mmnmry,éwlmeh el ly l-hl t is
said to_have reduces th needed for the
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in cache nenory, then a cache mss is said to have occurred. Wien a cache

m ss ocauayshe used forfogberasriomaance smprayement rfeﬁmvemawbwﬂplycacbe)rmw beve the
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to the rgguesly.colpled eslthegrersdoe. m sses, different cache nmanagenment policies
have been inpl emented. One of  several mapping schenmes may be sel ected, for
exanpl e, i nclRyEthee IHsEms ernvertinnal W@mgwé/ﬁ@n@ra%CE@fneasogwaaﬂm}@decac he
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associ at mappi ng, way adsociative mappl ng, way assocl ative
mappi ngDuing operations ahprogasmrmhy fetqhriostnb@ensafrdm ghgem mdmorgtito stotduarthai r ect

T G L Bl SRRl AR g TR ReRee
f I r st -1 Rmftl 16tnfeHHatioh| U6l adstr@Adh of 848 %J;westéa%sl thé- ese@ﬂ ik Gleady stoted AUG
2002 -2 Another feature of a cache rrermra/ t hat may confi gur eg is the
cache némp#ajie Hipgaary, then a cache memory hit is said to have occurred A cache memory hit
reduces the time needed for the processor to access information stored in memory, which
improves processor performance.
20 However, if information needed by the processor is not stored in cache memory, then
a cache miss is said to have occurred. When a cache miss occurs, the processor has to access
the system memory to retrieve the desired information, which results in a memory access
time performance reduction while the processor waits for the slower system memory to
respond to the request. To reduce cache misses, different cache management policies have
25 been implemented. One of several mapping schemes may be selected, for example, including
a direct mapping scheme or a set associative cache mapping scheme. A set associative cache
memory that implements k-way associative mapping, e.g., 2-way associative mapping, 4-way
associative mapping, and so forth, generally provides a higher hit ratio than direct mapped

cache memory. One of several replacement policies may also be specified to improve cache

30  memory hit ratios, including a first-in-first-out (FIFO) or least recently used (LRU) policy.
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policy that specifies howthe systemmenory is updated when a wite
operation changes the contents of the cache.’ Updat e policies incl ude2 %AUE 1002
write-through policy or a wite-back policy. Conventionally, a system such
as a conputer, may include nmultiple apgl i cation prograns and ot her software
| ayers that have different data flow heéds. For exanple, a program
execution entity, such as a process, task, or thread, associated with a

mul ti neémathalpfvhiuwof oeachamemoay Hfabmay he genfiguoekis tluef cadbe me(nexgupdavd deo dat a)
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may replace data used by anot her execution enti henonenon reférred to
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one_.execution crease the [l i hood of cacemsssfor

anot herP 8%’@3&‘1 ﬂé%tsgf%’ar h Félbtjﬁ‘g téi\?érfng negdsy Eﬂ’i‘ﬁ‘@m PSP flance. A
need t hyige %éie%uﬁ&{ exﬁltwﬂieﬁ ¥s @f)ﬁbégse@&meﬂ&@ﬁt afRbQYicdSsth IMuRedsrenory 15
performance. Summary |n” general, according to an enbodinent, a system

| ncI udeapplicpiiaosey trensferdarge plagkapf tﬂ@tha tsf g-evdeqddtorthatrare mpmllmﬁbugu@dl e on
20
e P oE e (oS RTRR b8 RSP Sl B8 e

wth regue@tﬁkd]ym@re@ggdr espondi ng one of the nulti pI e execution entities.
OQther features wll beconme apparent fromthe follow ng description and from
théOcl ai ms. Pofilling ecaghesaeinpiy 6¢a apediycomereXafutign emity may feplage Batagreddiyagr am
“of port accordlng
P e S B e

enbodi npsllutioh causey dlyehe aativitiediofi gné ébe:cmmtunysmay mo@éasFt}@ likklih@fd dficgche3
illustrates he Cﬁgr nponent s of each_ cache nodule in the 61(;lgche nmenory of Fig.

1. Fi g.mlFSFSs OF AMBETEXSE I AR WAIGhTRRYRed e QVSEALLAStsE RBOITRASe nenory of

Fig. 1 alongp need thus exists for a memory architecture that provides improved memory

15 performance.

Summary
In general, according to an embodiment, a system includes a processor and a plurality
of execution entities executable on the processor. A buffer memory in the system has
20  multiple buffer sections. Each buffer section is adapted to store information associated with
requests from a corresponding one of the multiple execution entities.
Other features will become apparent from the following description and from the

claims.

25 Brief Description Of The Drawings

Fig. 1 is a block diagram of portions of a buffer or cache memory having multiple
sections according to an embodiment of the invention.
Fig. 2 is a block diagram of an embodiment of a system including the cache memory
of Fig. 1.
30 Fig. 3 illustrates the components of each cache module in the cache memory of Fig. 1.
Fig. 4 is a block diagram of a processor including the cache memory of Fig. 1 along

with associated control logic.



wi th associated control |ogic. 2 3 AUG 2002 -3 Fig. 5is a flow di:s rU%ZhUZ
of an instruction execution sequence perforned in the processor of 3\ ;
Fig. 6 is a flow diagram of an operating systemin the systemof Fig. 2
that sets up a cache nenory according to an enbodi nent. Detail ed
Description In the follow ng description, nunerous details are set forth to
provi de an understanding of the present invention. However, it is to be
under st ood byig.fose flori dipgam of antestaction precuiigreseguense perfpmesiiniten nay be
practiced vvitho?%. tgese details and that nunmerous 10 variations or

nodi fi cETEHE" Pt b1 the described enbodi ments may be possible. Some

enbodi ment s @ig tdg aiffovedibam oM@l opeRating SYtire M the kidiemaf B DenatBERpY t hat

i ncl udes several individual buffer sections at one |evel of the nmenory

hi er ar clegchemaghotyace@dingde v gmbadynade a separate buffer nodule or may be a
portd on of a buffer nmenory that is separately addressable (that is, nmenory
is Separated into different address spaces). The 15 individual buffer

secti onDdmmedrsessomamat el y configurabl e and may be assigned to store
information of different program execution entities in the system Such a
buf f er menor yn theyfoBewingideperadiononuasereusdefails agmiet fastiftoavovide®ty. In some
embodi mekssah e G csIBIRI % TRY HAORAUIE i SASHAMRIRRY iseddiflapy of a
vari ety "of applritations, e.d., processor’subsystens, perrpheral device

cont r ol kigy st (hatithe peseRUnvéntion negrterppadtieed withautdhede dktafls hbtheominie@bler s, and
so forth), and other_ types of contrql devices. Systens including such cache
et i edanigtions 98 medilicatiges e thedgsgrahed egbodpaentsamay ppaewitlonput er, a
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| et ude SerDaEnEhe SSRERLE I FRod0le o mis 1 b S bR RN 1 hat ) s
separ at glparAL Qa8 R (11 &, hithlPYMsep #4888 iritd aHTRE adieB YpacdsNCiwle a

conputer having a nufti-unit cache nenory with nultiple independent cache
nmodidl es individpalibyffensastiongmiay be sppdratéeiy eenitgurabland may bhassigaadtdstonent s may

i ncl ude.g ters havi nuf ti-uni.t caghe .menories Wit t her i ndependently
cont | guiSBTBAeE o R oo xfliop AR HPbRE, Sl yPRF mpfiPrE
Menor i esnayAeGefeficddo hoa MANBuEIbofidrmRahey. t he attributes of each individual

cache nodule in a nufti-unit cache nenory may be independently
conf i gur abl e In spras embedipsntsedie hyffer Mempyanay mchidpacadpapemaryaisehing@yhe

nodul e’ L i {0 L r lative
e g i BRI S LS R OR I U Pl
ex2pl e videneovtaalters, harildiek dmye doatrobers) apdrse dortly, dwl ethetitypsstof wvampdd cache

while a ot.herﬁaf:he .r’rqdéll e mg b]g confi.qur ed. aglda k-W%él set associ atli ve
cache. TRECEA RS EL EaY-Esase BEMRURy PRYMSHIF 4 BRUVR-BHTPOE B AP"S updat e
pol i ci epurpobEtotpiter, a hufid-held lelucRbfib dpwikd GYg. Oklephoves ! QtddasksydRinsCY. O her
attributes may also be set differently for the different cache nodul es, as

f urt her elteeric igauie deviees, 2mbihe likeh epplirnees, sriyomeoxeara|othesflecericyi ng
requests_from gul t.i pl X8cut i niiti.es [ ENg. . A Processor my
ol v YRGS e EmE A IhuBe Sl M BRI S BEREEK

m Q@sopr egcesemord. M cdche arhiody keXion ataydiidiade & sepaatedfackoinbdgle oflepotiea such
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of the cache memory that is separately addressable. The following described embodiments
include a computer having a multi-unit cache memory with multiple independent cache
modules -- it is to be understood, however, that further embodiments may include computers
having multi-unit cache memories with other independently configurable cache sections or
30  other types of systems with buffer memories.
According to some embodiments, the attributes of each individual cache module in a

multi-unit cache memory may be independently configurable. Such attributes may include



10 application-specific integrated circuits (ASICs), progranmable quguﬁzmz
arrays (PGAs), and the |ike. A program execution entity according to one
enbodi ment may be the basic unit of work of software and firmwvare | ayer s
that are loaded in the system Such baﬁlc units of work may include
processes, tasks, threads, or other un as definable according to
different systens. For exanple in sonme operatlng systens, such as certain
W ndows canbetaghé mgduly stséges Otganiz iV (ergasivfeet 1Gemsd vatshioset asnabialipe mappinglads
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exanpl e XM Efp‘? SPFATSRRIP IB”?Q‘@:A CIENRNGTAUGRS: o ARQ P FIRPEFAtRE SW?}E&% dat a
accor di Bﬂ”exts‘?mﬁhfl{r&{d?dgt oﬁrﬁ@iﬂ?isﬁahg%ﬁ%bﬂﬂﬁ% ithe B@Q%Jekét%tgo reuse d ?tﬁ'oi?é For

exanpl e, sone execution entitie be nore a than
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to difforRAERRRENIA in the multiunit cache nemory. Thus, in one
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Cache nﬁ@n}h%rsexa%@lo@rf@gtx@abbﬁwlwﬁé@%@r 1Bq Jeae.croprgingao dhig pbedimgat,
configurations. As execution entities are created in a system EID
identifiers may be assigned to these execution entities by an operating
system Referring to Fig. 6, according to one enbodinent, if a new
execution entity is detected (at 502), the operating system may access (at
504)




30 configuration information | oaded during systeminitialization to

determ ne how EID identifiers are to be assigned. The operating syzgemmmt
assigns (at 506) the appropriate EID identifier to the execution entity.

For exanple, the operating systemmay he able to assign 2 3 AUG 2002 -6
three EIDs to correspond to three cachée€ nodules in a nmulti-unit cache
menory. Execution entities having one general data usage characteristic may
be assi grmadhempdylsmayito dodbgured farrthe gangrabdate usdgshebamion ¢iew assignedg a second
gener al da%a usage characteristic may be assigned a second EID identifier.
A def aul®PPE58% M dent i fi er may be assigned to those execution entities 5 that
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system |In _one exanple ecution.entitie a |tinedia application that
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locality. | n sonme enbodi ne , . a fti-unit cache nenop hayi ng,.mul ti pl e
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exanpl e, Jrul gl elvel., muf ti-ynit .cac nory having two | evels may be
constr ué‘[“gﬁmleﬂlataﬁgI?agppﬁﬁyﬁésokrﬂﬁﬁgge t irst level is a nufti-unit cache
and the second fidfhek embBbdinfents, 6@BVENticANGheBachey bé heplemesied tdeigning a
mufti-unit cache and the second level is a nufti-unit cache; or the first

| evel | SIRstorequets offarecuinsfatitien Based seteddD) assesiatedswith ganstrueting acache.
The i ndiyi %%htrS@&r*}Sr @@H%lﬁ%l%o#gfcﬁﬁ’fcéé -tk bf GARAG 2B mb &Ik Sfﬁalrer il O as
P-caches. Thus, Tor exanple, a tir-unit cache nmenory nmay I nclude several
P- <dc he sipiticacHeundéemgyyas 80bdA3ed s store dataRictessatbietheansBet@c his a easdlt,smackieor t h.

The different P-caches may, be inpl emented as s rate menoLy el ements or
odul €5 SOUEGIon TN 16 PO (OGN UL ASOSHARGE oy SRARFLGeH ) R e
dynam C o e FUESaa TRIFR carbdtbNMLs SRk @ffererfilck &ufiah eNtRles in thedysteUG 2002
mul tiple P-caches may be inpl emented in one nmenory device that Is

sub- di viFeeaxanple, awmphinzdis appbicitiongnaydypicalieginerate requestsethali tansfee largeP- caches.
In additio h i-unit cache r .be Ji.n rated i n anot her

dovi ce, Plstgs of 8 Tl et o8 MG RE R R RS R b R RS
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accessible by 5 control devices to retrieve cached data. In further
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pl acement 2 NEYh EXGCHHPR B it dgientsddeeal ) A gP%"é%tHﬁﬂyS‘ﬁ& ey 26855 B> Weci i ed
forsg configuration information loaded during system initialization to determine how EID

identifiers are to be assigned. The operating system next assigns (at 506) the appropriate EID

identifier to the execution entity. For example, the operating system may be able to assign



each P-cache to determne how information is placed into unfilled p rgé%mm
of the cache. A cache replacenent policy is specified to manage repl-dc

of information stored in each P-cache. Exanpl e repl acenent polices nay
include a first-in-first-out (FIFO policy, a least-recently-used (LRU)
policy, or sonme other type of replacenent policy. A cache update 1 S policy
manages how i nformation is to be updated when a wite occurs to the cache,
whi ch milyree BEDutpecoareppanddo thieo caghe puidiley irog maltnbiit eadhaedenpwsy EyecuRefer ri ng

to Fig. 1l,.a.nufti-unit cache nenor 00, .according to a di t
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P2- cachgpd @fecufiof astiitts %@ﬂhg@sk&fndjg‘éﬁerhlsda@@ﬁéagé ShRaLtMtiB nidyeRidignddla . and
P2-caches 102, 104, and |06. In one 20 enbodinment, separate address and
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that. th ache nodul es, may be accessed con entlw.  Alternatively, a
com‘?on ilﬁaglaﬁes%c’téﬂ%flg&czfig aﬁ%g]eﬁa%}]%ﬁzﬁjceoo ﬁri‘dglﬁ@ tl?lueémilgléshe nodul es. The cache
control l'er 108 addifyn,daSed@itht 0bnfPdugstnSnfotn&ds) tief opelfinps oA QlsRMILRS
102-106. The cache controller 108 includes storage elenents 118, in the

f or m of (Y8 ewtain eirihies dacli ¢ashe nedelean thegndfrumitrraphempyorheSueper at i ng
systemtQ .specify.the 17 identifier S pate - t.h ch of .the

B e ache e uiBiER meY pfieThé fnd€ BinicsFich BT RN AL pllidich SRR brihs bl e

cont r ol lsgdterh QfaysasLaskign Aeataibutdsdfothe defagh chivhs egbdale ¢f thOMui-uBiOBachE the EID
provi ded by a regluest and the EI D values stored in the storage el enents

1180 Thareiurke lxgipmaivesmbpdanarts the FIE) idgatifiess sndraghesirmutesiaayrdat e

control . 0, I i Gl of the
hrce senifag ot SBsrbed A Piothiffs ol AN RRbrR FolRREL ol ShER.
programed i in bheexinglagecaltementiseslof@. mulhinsdiafapplicatin thattrans?adargeg_
exanpl e, the st.aqrage . el nts 118 may b rogra to indigcate a . Fl FO
el e RIS AE e F140 16 1P LAWY Tdee 6 QR pe dloctenons B G

anot her PreRcHE: dald e SRENEINGOMNST QkhEmod P8 cORMYo R SR ttdablledAa hdge CONPaAr e

bl ock 122 to conpare the tag of an incom ng request to the tag stored in

t hel5sel sbaractenstios of theaeexaghtiorhentibics abirsytiomemgitige pEindnsyeiafithinadigche hit has
occured. Furt.her, i.f update of in..nemory.206.(Fi.g. s\ heeded, a

o 1 baRRPRL e BB SeBh aPIGRE P o8 dPoise e b B RER ol

t r ansf ethdt datdds Storedip aiotBEcablic MOALE tixaihend el FrGach?) datalGpepdtions € cache
data integrity, the cache control]er 108 also includes a cache coherency
bl ock 18haraptgtizeddryeippicated spatiad jocgbessed | ocation of a cache nmodule is
valid. In 10 ' : e i o invalid
bt A or naty yars CRgOEl, o BRRD AR A SR P e Hhilfe Geten s

i M0e e magthe ispddmented ine ivhltildvebchch&Enemosy ayingShaltiptt, lewaisiof cachd mdmPEhES! )
protocol. Oh cantral sign hat nmay be provided to the cache

ont 1o (G- T05! FATPH 100 Gobde Mach Sobp EvrisEy My Fra Bar eichche 11 ush
(CF) si anatilevéinmatiflihit dthe My GASHECH & @keshelove ibNales a S uAR cBEHROP
signal s may beTgrow ded to the cache controller 108. Referring to Figure 2,

the nul meneiyt Thas Her expgpisre podtileus), Bulti-wit easbamemornhayingiseleves mayf f er ent
| ocati oy cgl?stxgl'[cted% ﬁ)%g‘aﬁ%in%%? 2. @ﬁ}%{ Jeg I gﬁ{&‘itﬁ-ﬁ{}ﬁ ?&c%e REMRREYR devi ce
control I'ers;”'storage device®controlTers, an e Trke)y 1na system10. In

ongsenbodiehBri convitionyisdaehe; 1k firsclevelds a andtpnpiscsohe aad tHeaegdnd lavellid £r nat i ve

enbodi ments, the system 10 ma){_be 20 any other el ectroni¢c device in which a
cache oMW cacheysr thefist level isgtamyenitonal cagheand he sspond lgvalkis gaaultizngent r al
processifgeunit (CPU) 200, which may include a processor or other suitable

control device, having one or nore |evels of cache nenory. For exanple, as

i I lustrated, TheendiiduZiGachamoduled efthemalti-uimt @chainay be hdferrdbto as $-¢aakes.

| evel -0 cache 202.. In addition, the, 200 be coupl.ed over a
nost bud b gl sttt en-uh EELPREPhCRERECHE Sy e Erehesy B ARE 1 | 2
cagipe 2@f.calh€ alph-SRROG PSRN RE FHHE PheCREEROPBRNE N al b implefichied
instructions and a data conmponent (for storing data). Similarly, the L2
cache 2@dsemyaté nemodge eleodeats anthodates, cpmpotipie faticthudom assymempyns and dat a

f et ched main nmenoyy 206 are stored in t and ta conponents,
e poct (SRR Gy e e o e inpempr bR AN Seffre, AdielsbirBnt <.

separate code and data cache conponents are 30 not inplenented. In sone
enbodi nents, the nmulti-unit cache nenory 100 (Fig. 1) nmay be inplenented in
the L1 cache 202, the L2 cache 204, or both. For purposes of this

di scussion, it is assuned




2 3 AUG 2002 -9 that the nulti-unit cache nenory 100 of Fig. 1 is
inplenmented in the L1 cache 202 that is the internal cache of the éﬁbA968m2
It is to be understood, however, that the multi-unit cache nenory

descri bed, or nodifications of such a %@che menory, may be inplenented in
the L2 cache 204 or in other controllér's in the system such as a video
controller or a hard disk drive 5 controller, as exanples. In addition, in
thi s enbodiipleR-cachpemay be implemenied dhenampwery devdeithat pssubrdividad iteache

f the. he 202 The .ai 2086, i | ed
rory. CSREpSisPaions 45 AR P SRbDpREIRE PR AR UBGRr  he
host busn&ﬁ&g rhiy BoitdgkA8d int MOHEEIBVIME, BIUD a2RSceBRY of HkLERID] 6868 a

controller 205 operatively coupled to the L2 cache 204. The nenory hub 208
may 10 &bstemi nltamaativalyy thepnilesunitaele memorymay bat sterd-along beid aengesibla byi nk

209 g0 a graphics controller 210 iCh Is in.turn coupled di.spl .
212.5 po BRIl e e, Y sl B bR GRS P P B
Accel er alaglk fABR B8y BOTdcatedifom thtdgfth @l de¥i® WIRRGnbiheAporEtn oR¥InRIIAN 2. 0,
publ i shed in May 1998. The nennnﬁ hub 208 may al so be coupled to an

i nput / ovEiracka henonis Igeatediinapothe deMistudes bridge control l ers 215 and 223
coupled to a - con : 4 i.yel y....As an
exanpl e, ¢ ho By apEBHEnd e RuaRRanCRh S oo P ARG R Rt B )
bus, as whéifdatiedsyiorent ey RSle diffeeht Birbulspeintiiiimgichehe, siderand weganivativie pisd on,
Revi si on 2.1,(£yblished in June 1995. The ngten1bus 216 nag be coupled to
a stbr agehiomdals plepemerd, and4eplaermenbPelicitse dsBlap@nat gokty MY Be presicdiier age

devi ces [ ' L bsk: Qfl e ol ryve, or
2 gt ¢ S faBfe e R <Ak o WIS A ERRECAE, S0
cont r ol lcache®Blav@yeri@olicy Bgpedifel tonhaapéieplac@nbntlnf 2iférmaonnstgredineach cont r ol
functions. The_system hus 216 al so be, coupl ed_to ot conponents,

el ud hgcachtr ERARGERacemiAat WRRs BoNtiedidedr o FRapLh (Efﬁr_c@mhé& %0 a

net wor K 100 tectA®-usHAQIRL) p %%Q)? sSBE BfEAHYe Qf‘l%pl%@énﬂﬁ%@%i{:\%?ﬂ%lac%@ﬁd%s 226

may be coupled, 'as may bé a 25 non-volatile nmenory 22 may store power
up Yout inedisy megeges owhafirmaiieipistty bevpdatedyhinemwiiRl qsyrs it tite aaeke, Wik

secondar I i nc h:.coupling to periphera
devicesﬁ&ﬂﬁgagééé“Fﬁéﬂﬁgg@}F%F&%ﬁgﬁﬁﬁ%§§gj(%¥ghce to specific

confi gur at i orReféafitigds By, 1| eoiultBoniotachéteriy D0Badcasdisioah dnftwdayaitem 10, it
is contenplated that nunmerous nodifications and variations of the described
and i | | dB¢lpdasegvaadarchensiowags »BOsads; 1R c2 Phoaghs 1 0dyanda R2-cache d & dAof
memory gagd éoQtrQHQStoga}s Q&%Eia@fi '“qﬁﬁpg P01 b9l LA4 pandcR %M%tl%ﬂl %{d 13}3.9 In one
control I'er may provide equivalent tunctions, wt the Fost’ bri ge

cor( ol leerbodonigitextpiretevaddress el GRALREOmMantie tingplad/toteach bithe 2ddthecandividse

system Qrid cantrol | er 224 coupl.ed betyween 3 AUG 2002 - . t he
Syat om 098 B gsinabi gl Pontlc: 334 ¢ Fivessefetndimeniny ABFat ftier o
bus pr otcefhcéh dFYeshand dRth 81BMaE e cHldddthdlidchenRahlch! PEE &the Y&l N
entities are executable by the CPU 200 in the system 10. As illustrated,

accor di i§8psoides onrzebmigna to eaeh of the B-oaphrrmedues Y29106254, and 5 256 are

| oaded under gn cap% (,aoé'trgﬁe tiﬁéihgéé%tor%' ¢t 11%eirﬁth¥"f&%%\ﬁegﬂﬁgsa&'tﬂg
system for exanple. Each process my nerate oné or nore executlon
entls i edike)thht 4re progrirembble by theopesatdiy systek to Bpdcite tiseyBllkidentifiers Bgoeixdp! €,
the execution entities may _be threads; .as illustrated in Fi , the

. ] .2
pr ocess vatpeash ¢! thedi-cardies. hWhsp theamgltimit czéw,m@rﬁ@rypw@dég@eﬁs&a, thagaghecl ude a
t hread 6 Walel) . Vari ous
sof t war ?a: gétrrol?éi‘ﬁ%\gglga% ? g??ﬁitg ¢ %f Ca%uﬂlaggs\d, &b?%%%lﬁagg&% 8@%?@2&1 %ggcéjr , 2 for
exanpl e)equestcidnddha 5l ppluecsdied s thesmeaget dlengersy 518& m nodul es or routi nes,

devi ce driverg, BI.OS npdyl es or r.ouytines, and interru hand| er s, be
Stored of ot HASRRLE SRRGHE [P EadRr e AT et e ) wiBlesiagal Rtk 1T ¢ ne
sysjem c%ﬁéﬁﬂ@réﬁ%&ﬁﬁeﬁttblnkifi‘?tlﬁefp@ﬁci&%‘!&h@hﬂee%@?%ﬁé'c!a%e%ﬁf)amfésr, gsand firmare
instructions may include different forns of nenory including

determined by control information programmed in the storage elements 118. Thus, for




15 sem conductor nenory devices such as dynami c or static random aggesfs 2002
menori es, erasable and programmabl e read-only nenories (EPROWs),

el ectrically erasable and programmabl e read-only nenories (EEPROMs), and
flash nenories; magnetic di sks such as_fixed, floppy and renovabl e di sks;

ot her magnetic nedia including tape; ahd optical nedia such as CD or DVD

di sks. The instructions stored in the storage nmedi a when executed cause the
syst em &xpnpge.tthe perago clamentsgrlérmastb o granmied to afdiowie @ FBrO téplapsment can be

| oaded into the system 1Q i e of many diff.eren ys., For exanpl e,
i nst rucPnlb‘ﬁ'sftoﬁPn%yﬁéﬁlec%]geangéﬁﬁrﬁ??asce@%trpé’ c%ﬁorsa%ﬁ‘ﬁﬁ A a or transported
through a netrweekchie RbetdlRE @ 08 aiaf.alsdu@ e Dfag CbMPhre ISR 122GE cHBpMBMS M MAy

be | oaded into the system 10 and executed to perform programed acts. In
t he | oatfigrey apAncoming mewpyite thertegdared 1 thegelorigh ane ox enes oithe Reptrdes 0d as

ear per ves. (tyans over. hone | j.ne twor k|| i.rel ess
TRs. oSG M OREE b Bl SeBhed ChETRP AL G mAB R Ity ghE T it
segnent gedded,! I RriteySdcRMulfer 1 @oRx BRUhéIyTiRfioh 65the/Pacdchéstoannsfet ir eads)
are adapted to performdifferent operations. For exanple, a spreadsheet

pr ocessManymement 206orranrlsk cache 8et(Ri® Zyer f orm 30 cal cul ati ons on entries
entered by a-us C : 0 nsf I d data into
mai 0 merory  3penoul e AECRREHN OE Mo ehir B 96 A0 TR FHE, o'

r equest sohevdticgblock 28 thdGe20ies fhnatessdddvetioas b Rathetaddudds viaid.n&i n

menory 206. These instructions are fetched, by the CPU 200 from mai n nenory
20807 or oes@BbRGIBENL, sechdRahsgofye MswEtass s Yalidriyypld b, Algmativelym Bt ¢ y

identifieg:Ld ' [ ' ] in the
syst em 15RO R b e S ST A e
oper at i Syarsg,sindrinvalitMiE) probadi.ment , when a schedul er 270 schedul es
R S I R e
cor r espeRik AgsabRICDY §ign@ldhd alchchd thish (EFYSGhATE M addifién, Stildr eAdefrabehes the
associ ated ElIDs along wWith the instructions. In an alternative enbodi nent,
t hd5 ETDsignale suht assnooresigials mayrbaproyideddo diewaghamontrolier i08st r uct i ons.

| nstead, mul i ple | . i50 ry. i O i i e menory
206 to correis?ﬁgerﬁn é @ﬁ%ggrte(%, p ?equlgﬁf I%gﬁe %}%seg‘%oé’?ﬁ %’ggglas})g%l&l&g?éel With a
r equest niithben aNdi ferentbeatione (8. ¢.f probeavirngbsysfent, $tidgd EdntdfleSpesipherabdeviice a
first instruction nenory r‘g%i on; i nstilr ucti.ons associated with_a request

f r om ancEREllGES siRragRdeYige RaRiTgsaandbe ie)masystend Os tp pag empodiment Hity

i nstr UCEy'nge%m ?gmwdeg %%Hlﬁihteﬁ&%h&?%lf iRt Brmativk dMcuiRbAE el ys¥en STRAYHEENL, 15

the CPU tches I nstfuctions Ti~om nenory 206 w thout” associ ated El Ds.

Ho’@v er anybetbedelestroniu ddviasfin thech eacheiot hudfer memmry maydicomplepentddnst r uct i on

i s fetched, e CPU 200 can determ ne the ELD t ipstn~ct.ign, In yet a
Further enbod PREIRem i1 giten derees areetsiia 1l RolbsbBRh ddindited ¢

I NSt r uChioeBssor b Gh&RMitdble comyol idevikeldhavink loht Bt Bofd 1676 BFEHRNE fleforp SFetned t o
different 20 threads. Thus, one m crosequencer may retrieve instructions

associ aexanpiptas iBertratedy g (:PLA AN may mejudesa dgjemakeachethpt isdhe lewgleone (L1)

i nstrucy] S | @t ed  w Ryl

m cr ose%tcgg%g?' ?@é@@é tﬁ(,:go(tr:l]%?gg?&é%§’tb8 Cp{éﬂﬂg@ﬂ%cqgfo?gon‘%%@? rg? ﬁ(g:t% gs}l]%ntl ons of
coeses pexteiinabcaeke diat isahe Evtl-twoe$.2) dache B04 EhdDbilcache 202 anyiindtdetiden' s EI D
may be determ ned dependi ng on which of the nmicrosequencers J‘egched t hat

i nst r ucEBReNERhonsiorRg BFIIGoAS) 39d @rdata GomPoneRt ([ elping datadr ik te t he
CPU.  ThE) alilel UGHahefil €648 ATkl ddnlpdn 6 OPRA, Rirhdifont BfdEng Rl | €7 108

or by sonme other suitable decoder to Identify which P-cache is to be used
when t hfoimeeinus¢many 206 gresvsd amtleacods snd dataledmaponthts, regpEictvelpnifitid Lepr 108

accesses, on t he .P-caches to retrieve or stor ta processed by the con
e ponaraGahedopiat 208 S GRER e hd e s R B SRR e (o o
assgci ahgdmpldiedi@iBt ructions having EID O may be stored in the PO cache

102, data associated with instructions havnig EID 1 may be stored in the P
1- cache 104, Imsmingiernbodimisnts] the sultiviunih caoks mreparry 306 (Figvi)mgayFheDnipleragntése

stored }nnthg ?ﬁ clzgﬁecf(fzt] %e]L026éac11Q 2643 rcg?both.z F%r élyr%oszeg%%this discussion, it is assumed



- 12 enbodi nents, a P-cache may be associated with nore than one EII%
Further, execution entities fromdifferent application and softvvar(; A%MZ
may be assigned the sane EID. Referring to Fig. 3, the general architecture
of one of the P-caches is illustrated. JIn the exanple showmn in Fig. 3, a
4-way set-associative cache is il |ustfFated. Other 5 confi gurations are al so
possi bl e, including a direct mapped cache or other k-way set-associative
caches. tiddhe muhka@mbcaehymemﬂmél&?af Bigal isgmptanzpptelan theal t eaghe2Pathatisahe and a

dat ay 164 _As_ .l | . h of the stat 0, .t
0" andtmebcish 3o toeCHy 80Tl s Bendteledfinbahh L BBt A Y way
set - as s Qgdradriy s @b8AiraRddiftktion8f SR b eBctRih@Nor SR a By irfPeiRhtied A@e @ Nor e

of the following fields: an Em 10 identifier; replacenent selection bits
(RPS) t leaghead(d arge dthisy/canwellersph disesiyetem, sivdl ag pdadee contmeltasior b heuidiskodrivieo

| he. | ine: :h : | bits. : h
bl o0k ofSpkab assaABblsdai SRS BLOREROPEE, &F B S ool eram@iRra o « °Fo
i ndi cat gorinls thB @ata @aEIRSIRATPINEEG o BRITEl ¢0B@RONN is valid or invalid.

Al ternativel the status array 160 nay store MESI bits. The repl acenent
sel ecti on bi tidempn memase 206 ssconolladdcamemary ertreHemdd7|in gangmory hub g08e r

epl aced. i e . f rece used
chche. | icaEq e RE 20T e PRl R0t TR GO oGy o s e

r epl acen®athe confrolta03| cperatiVhle coaplbe tacthB IR @atier 2040 & hemyenkay hapessnyed as
an integrated unit or as several separate control units. As_discussed, when
an Tthst rlsetingnds & graphich aderfase 24k &wtitsicompled Reerm Imka09de ja grahicsicontrelica

i nstructi LSnEetrni ev : t i of 20
the P caifovhiEn iohth Rty Har By DIZ, B th Uiife, GO EraBRRE BREIREMANE O |
hit or mcasdimgyo e Adcklerated Gophens Portd AdB.PWatetfece $Speeiication; Reyisadn 2.6e

associ at eglé%aha i Sl1t9ﬁéed in the selected P-cache nodule. A nufti-unit
cache sydpPet® éR/kvf‘i’@[ “rilependent | y confi gurabl e cache nodul es according to
sone enbodi ”@h%%néfﬁd’ry'?ﬁl&_@o@ﬁ?a %ﬁsor’ﬂérc%uﬂfed i ﬁu?ﬁtVﬁ%ﬁgﬂé?jHﬁ%ﬁgﬁﬁt G eater
25 cache nmanagenent ||?y may be avail able, since the placenent,

| exi bi
r epliSac e aodedes Hridge periradlersd 1id@ind 223 pebpdetttioa sybtzm bus@ 16 endjasécoadirybusf each
of the B;gache ul may. be set to inprove. cache uti.lization for con
espondP A EHBeT gn e Al et et sterh BB BTt BN S S She by

conf i gumhtegoffedn PON) Bus,&s defnddisethaBCanbad BudSpebifif Lot/ Rrodacion asige,
characteristics (to store _data or instilictions) of different execution
entiti eRevisiang-Eaublisteg ipdyme }998n The systen Bps 2 1 @ay beequpled tejastarageon
entities,d . i i 1%;%3 hi t
ratio. ??\htgoc}h?t% ilgxt,ﬁttteﬁ%goqrr%%ﬁsgﬁio?g ;&? ggc%c g&sfste?gc%ﬁéﬁclr gﬁé}gccess
barddni didiskisdriviene canpachdisp &€R) fieve, sna fligitakvided dise (' éRYdnge. dn amalteinateki ng
processaor z 3 G.ZooZ -13 .si t he P-cache. ul e concurrently
P cess frbodysd WEHATRF ervoils A EuenBe i CRCeT MR iy EnHD Luh o BN RS Cache
| at ency ch@rdlEhiRctioBe! Theystd BuATIGaRSy AW bstibledde GBiRESorRporth@hmpRE Rl Mmance
processors. I n another enbodi nent, conpilers for different application

pr ogr angomaxpmple) g mepyarlicprirglics 822 thgtis soupled fopmabworkfport@ohshorin).uni t cache
menory to fur rfaqram :

oper a%/i on, g tdar[]t;%é £ ?%2?&&%P g??rjgt%fl gﬁlogéisdgg@gfzezg': I\%‘i{ ﬁé%ﬁ#e&‘ %n@%%‘%gut ion
entast i enonaylaite membec2Z8cthandaysitoregdweDep tiney swoh dsibasic idpu@otipdt system

statistic informatjon, the attributes of,%éach P- cache {n)dul e .y be
changed (BYfR)routiags. dpgsppoadanyious 284 prey plspinuietorts jof qoapling togerighffthed not
to be efifiicien I I 5 Cage i controller
108 nnyfdrf){éle%%té]fﬂlidgéh?f(l)eoc Sgﬁgewn?ﬁ%lgﬁ gp ag%én@%?é%%? %%fgp gdhtg ﬂ%&ﬁRU policy or
sone ot kmhiteepteaof thentaripod lagsrs oTthesystemdOnais conteariiated thahbumeargupr ovi de t he

flexibility.of. dynam cal.ly changi ng, the .configuratiqn of indjvidual P-cache
rodul e A4 ESHER B R dBE o s ity Aodydioma b il

perzoor MegHex38518ndtdll dfGnéth&hy aftd IAOTMREa REP BHE RN ntroldenFR Wy <68 vriagt udes
the nufti-unit L1 cache 15 ménory 202 and associated |logic. The nmufti-unit
L1 cacheonteoher yaymrovide squivalent fumdiods twithathe hest bndgd emitrotlerecompled betwieen and
P2- caches k04 and 106. PO.cache 102 may be desjgna S the

o au ¢ TR BO290AE0 Hs e e 216 abT LR Sya e yigeBEdueinst 224 chupleSiheBlsshi on
entities that have not specifically been assigned to one of the other
P-caches in the L1 cache. For exanple, such execution entities may be
assigned a default EID O by the operating 20 system The Pl- and P2-caches
104 and 106 nay be assigned to store data for requests from execution
entities having EIDs 1 and 2, respectively. Tel one enbodi nent, the

PO cache may be a |l arger nenory than either the P1- or P2-cache since it is
the default data cache.



QG her conponents of the CPU 200 according to one exanple configurayi Au@@m
illustrated in Fig. 4. A bus front unit (BFU) 404 fornms the interf

the front side or host 25 bus 203. The BFU 404 may i ncl ude address drlvers
and receivers, wite buffers, data bus @ransceivers, bus control |ogic, bus
master control, and parity generation’ Yhd control. The instruction path is
first described below Instructions retrieved by the BFU 404 from eit her

t he mai rthesysteny b0Xl 6omdithesacondary busc2ieh dn 2d8ditiomyantyef 8 nomber ofrbuaprotocols
|nstruct|o ggﬁe %86 that is part of the L1 cache 202. The internal
|nstrucﬁ?%h < ®-may keep 30 copies of the nost frequently used

I NSt ni Ct i ONS.vARRHS GifeIeht pPo FATRx EHABH eABIHs Sre m&ﬁtwevoly%cm@obeﬁ gRed al ong
with EIDs fromeither the nain nenory 206 or the L2 cache 204 and stored in
the i nstspstemi 1on Asitihgsragh aco@umngmatelembomm@itl mbltnfpfearroembscﬂéaow bdyi ¢ 408

-14 decodes a sel ected St ~ a ated EID fromthe
et uctzl%g e B W8T G5 S EEDGE: WPIrard B S BGT SPPGHSE SRRy w t h
correspapdi }plﬁf Deachlgo@Bs Rl géﬁ'@&tb ¥Be SMROR éf@&ftl’onteﬂﬁtlésqﬁﬁt' fohfy TtHeQﬁ%car e

stored in dif ent instruction nmenory regions of the nenos y 6 according
to di ffeméndf Ebibsin thbsgetmn Ini anetelarmps, @nbmhutmmt:ntlttdsmdilhbshaaﬁ ramt st or ed

al ong w t tru i ons en the 2 instr i on,

s o00i atliEtElts in i o Telfoeess 20 i B lda et 258870 250, 36k WORE 98 P 1D of
the fetghagdad z{lﬁﬁ'édd%OQIM§$fbceﬁ ZSG%@QHEI@%M&@@%@%W e the instruction
is stored. This may be perforned, for "'exanple, by the decode | ogic 408.

Thud) the El D’a:fouaﬁowsr@rou&nmmrq (Sorest of miodules.astints oot ol dayersmadar uct i on

menory re:1| tr L:on is _fetche

ot or i 1EaoR -G RR iR, b Bl Epl LR B FPnd s ik vk, Bros

M cr o- opesdldsurFowiinds Sehaaﬁﬁxdmlpt HahéletsNmiby e blofsd ot weewikd Zangibly ¥@bodied i t her
enbodi nent in which EIDs are not stored along with instructions in nenory,
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m c(0- ope patfbranprogidnaedics with EID 2. The m cro-operations processed by
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m cr osequ er f ctl ons associated with a first execution
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entity, er fetches instructions associated with a
second 2 3 PNdexeffdidn-ehfities (in this case threads) are adapted to perform different

operations. For example, a spreadsheet process may create a first thread to perform
30 calculations on entries entered by a user and a second thread to transfer the calculated data

into main memory 206. Each thread or execution entity is able to generate requests, which



execution entity, and so forth. The EIDs of a fetched instruction may thus
be determ ned based on which of the mcrosequencers fetched the 23 AUG 2002
instruction. An execution entity typically includes a nunber of
instructions that are executed in sone program order. By default,
instruction addresses are sinply increnented to fetch the 5 next
instruction. If a junp or other conditional branch occurs, then a target
addr ess afesstezpé e$ fnstrdctions in meinademerys206f Thige instrictionsige faidlediyithe CPRlus, the
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i nstruction queue 412 for executlon by the m crosequencer 25 430, 432, or
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unit 41@eteAninashic BB ofdE inshiuttichl 8, an arithnmetic/logic unit (ALU) 420, and

an address generator unit (AGQJ) 422. During execution of one or, nore
ni cr o- oper at IHHY Afprther emhodipeiicnoduclyllDs 4rp gigalarlymot stersdi2langivid nay be
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2002 -16 D1, and eéEj)fD 2. The relg;S:Ister files A&24"tl 42?1%6‘2& 4(128 may each
i ncl ude RYRTTBICTSEANTEERRAY GV §IIYRGH U Astocigqdwith angther dbread, apd S o ner g
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functional L1I111tS 1Z1 the pipeline back-end bl ock 415 during operation.
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30 data associated with instructions having EID 0 may be stored in the PO-cache 102, data
associated with instructions having EID 1 may be stored in the P1-cache 104, and data

associated with instructions having EID 2 may be stored in the P2-cache 106. In some



404. The store and | oad buffers 450 and 452 are coupled to an intern?gzﬂmtﬁﬂz
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the P 1-cache 104, the P2-cache 106, the pipeline back-end bl ock 415, and a
transl ation | ook asi de buffer (TLB) 45]6r Addresses of instructions in the

I nst111ction cache 406 are fed to the’ 1B 456, which is basically a high
speed nenos y in the CPU 200 that translates the virtual address fromthe

i nst r uctendwdonatis a4{96a0hnnmyéoephgosiatmil widldehonsthan oneldlds skurthes, edetuiopache

nodul es 1 d 20 106. Ba e mufti-unit d a cac

Tval'| aoiePhies from G eR phe g g sy trae tRe it i Ben e RREED 1 4 1y
sel ect an apﬂ(éf&‘i‘lhgtt@F?@tt1Eg&ﬁérﬁrﬁr‘flﬂéctﬁfe%%‘ﬁébf‘ﬂlethcaQH@s @flllﬁsﬁﬁted In
m cr osequencers 430, 432 data access is needed,

m cr osedbeaceande sﬂﬁ@vn i«m?&ig Jnd-wddsetragsociahivaicacheisl 1yusira0ads sOthd:re sever al

nmodul es i n.the.nuft 25 Thus, .to r stem

o B aEn T A A7 Reseii SrIRETE A 9 Th TRt ¢ POBHI-BEY 500 wi t
concurr getaR66aSR dahddatFch P-cabiR: thdy Mdhide aWiikds #AGN80,208g akBy $mnd a
enbodi nents, the control |ogic 436 of the sequences 414 may al so consi der

possi bl alatacathysi6dr dsdHuwratadg cachof Sheastalvnyyrayattd, @aetray 1 62.ianl idalg, arrapid 66t her

i ssues. .For i nstructions associated with a
request i ﬁvfaeeﬁégi%tfﬁcgﬁe{fgfgcﬂ?lﬂgo {hn%hwéyeset'ai’sﬁcﬁfl v%mlga]%lzz?té% o may be
schedul ed fi rISHe staaﬁ»s YRy 1|60$ﬁ31y1clﬁtah1961& Sfmére roﬂ?ﬂie-ibllmngmﬁdsf ah®D execution
entity ha r@ﬁg I% priority 2 3 AUG 2002 -17 Referring to Fl&ﬁ5 t he
genkl al idenbifjesfrepipcanpnt ﬁﬂl@qtuon hite Rty rraessd by dlee rgpleesrasmignd up

506 or | anabEbI A b3t | Sl e K (AT PRt Sncl BLABEH Bl DR B O
enbodi meath blasls ofihaPechchet hﬁ)dﬁ]reena’}ﬂierdsmc&dedlwith atvhied/invslid bit to kdiatelif thenot her
enbodi nent , associ at ed EI% ar e r;id)t stored 5 and thus are not

retl-i e\FQHeSP?H ing cachedqeatiouds yalid g iavalifle Adtsaatively the statug aprgy 469 miay sipss
nicro opgrsi ﬂu@mrrfeertapﬁ@éﬁenwelwﬁn%ﬁgR@srmglmeé%mwemcmcheﬁﬁ@&dI ng
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The cache controller 108 may be implemented as an integrated unit or as several
separate control units. As discussed, when an instruction is fetched for execution, the EID
associated with the instruction is retrieved. Based on the EID value, the appropriate one of
20  the P-cache modules is selected to retrieve data from or write data to. A hit or miss may be
returned depending on whether a valid copy of the associated data is stored in the selected
P-cache module.
A multi-unit cache system having independently configurable cache modules
according to some embodiments may have one or more of the following advantages. Greater
25 cache management flexibility may be available, since the placement, replacement, and update
policies and cache size and organization of each of the P-cache modules may be set to
improve cache utilization for corresponding execution entities. Cache performance may be
improved by configuring cache modules to take advantage of different cache usage
characteristics (to store data or instructions) of different execution entities. Data cache
30  pollution by the different active execution entities in the system 10 may be reduced, which
may improve the cache hit ratio. In addition, the multi-unit data cache system may offer high

access bandwidth by increasing parallelism for a multithreading or multitasking processor



10 instruction queue 412 (at 306). The mcro-operation is then delivered to
one of the microsequencers 430, 432, and 434 for execution (at 308)7 3 AUG 2007
Execution of the mcro-operation nay cause a data cache access request to
be made (at 310), in which case a correspondi ng one of the P=cache nodul es

i s accessed based on the attached EI D 1%he EID is decoded by the cache
controller 108 and an appropriate request is sent to a correspondi ng

P- cache s{rico the B-0ache msodles 10®) be comeurdiently sgeaseibls. rSaqly eencuirsnt dagmcasbepl et ed in
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syst em off dghamhiczlly cHangingahe comfipniasion gf mdbadual®racheayedulediaptgpdnietodssi gn 2
identifiers to the execution jdentifiers and to assign each buffer section

an i de_rltei"?"i“é‘f"?1 eqtities 1 ARe sy5lepelf] Fe PEIfHR®, further conprising a controller
operatively %féihﬁgté Pig241iAnbeibBainTRIMEYCHO 286 g&deﬁ”ﬂﬁ: I‘Hlfllﬁ%lhﬁt PUELRE

sections based on an identifier associated wth a 3 request from an
exddut i amenaoryi202 and askocifited legist Ehe wiltehmi i tachamesnedry indhedee teecthtee glata

entities i.nclu rpocesses. 1 The t of, ¢l ai erein th

execut | retppiied FREPARL: afd Basaths T2 P S Bl AR PO PAR L mbh s o n ¢ ne

cache niiesibiatedsd the @sfaalt Mefaldachetlis dsedas bRrd@IDiodiedRiititxaéutionast one

| evel includes a mufti-unit cache nenory haV|ng 3 nultiple cache sections.
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1 7. Thendyexthphhare splspseificaliyizgeniopsigned teQeceithe athenbicpshes ipthsddsachrat a

e

| ol i t yystbrar dhe @1+ snd BZ-cache8 104 el Kpshanbodssighed tm store hrfed reqodses fpomcessor

conpri S%%ec@ti%ﬁ%lltities having EIDs 1 and 2, respectively. In one embodiment, the PO-cache may
be a larger memory than either the P1- or P2-cache since it is the default data cache.

Other components of the CPU 200 according to one example configuration are
illustrated in Fig. 4. A bus front unit (BFU) 404 forms the interface to the front side or host

25 bus 203. The BFU 404 may include address drivers and receivers, write buffers, data bus
transceivers, bus control logic, bus master control, and parity generation and control.

The instruction path is first described below. Instructions retrieved by the BFU 404
from either the main memory 206 or from the L2 cache 204 may be stored in an instruction
cache 406 that is part of the L1 cache 202. The internal instruction cache 406 may keep

30  copies of the most frequently used instructions. According to some embodiments,
instructions are fetched along with EIDs from either the main memory 206 or the L2 cache

204 and stored in the instruction cache 406. An instruction buffer and decode logic 408



2 mcrosequencers, a first one of the m crosequencers to execute a first
one of the execution 2 3 AUG 2002 - 19 3 entities, and a second ong Agf ZQJI_JZ
the m crosequencers to execute a second one of the execution 4 entities.

9. The systemof claim@8, the first anfi second ones of the m crosequencers
to 2 execute the first and second ones\f the execution entities
concurrently. 1 10. A nethod of setting up a cache nenory having nultiple
cache sé@@d%ﬁg,seletﬁed mstuetton and rapsopial o heanstyantiomchehei 40§ artgl tiple
execution entities, the.method conprising: 3 assignihg an identifier to
each exé’&fﬁﬁcw@rﬂfﬂweHB@@@OI%PP‘\RH%RD%WT@r‘f8”ﬁ%’|°{lﬁi’385@?’5S-cache sections is to
be used for URen aXGaMIVeRMBAhENM; the RdtractfPe bt hibred th GifeRnPinsiri@ionache
sections to have an attri bute based on the cache 6 usage characteristics of
t he one nmmaryregienceafibé memery 246 assording tgdelderens BIRe. Havlerersacthison, 7 wherein

2t 1 butweariedie ERATAE RET st A oa MDY insFhhebien B GV AR et

policy angnsaefién, AnupdiaedID i6 Yot rbtrikbed. Theteh® thOAPU200|dRickmiks tHewrrDher
conprising executing a first one of the 2 execution entities on a first

ni cr ose@f tchedhingtrpetivadgseton theaddgsdotating Wiekdbe ingiraetionds storpd. 3his
t] tit ' i . . 12, Th
method raTefofRed TnBoRRReg fy M S BPREERIRE  rhud, e PAPSLRER Gkt e, 5°

entiti ederRiAined dasddes Wbk ihstredtionyndiory hegibn fistinandtiseizdadhéd £6:0S €pdencer s.
1 13. An article includi ng a _storage nedi um cont ai ni ng I nstilictions for
\

mandgi néhoEMRifgleiermined byyBe R 30Rel! sgisbestiaghed taghadsse KEP-oPeai@ifory with
mul ti pl %nﬁr@@édﬁp%hesﬁ'ﬁ LS quaidypul tipl e execution entities executable on

t he processor, the Tnstructions when 4 executed causing the systemto: 5
assi gn each rheyerafusther ¢norodirnertdn mashdEIDs tace ronetoosd atang withinstrhetiansécut i on o

entities; and 7 configure attributes. of each of the. Yy §ecti based
on ¢ he. Ty mofelOenm Ruplry B Riese A RReromey 8F Hronee e BE TR0t i 11 es
assi gneghgdt Qre 281 gHBIRY OB IR threads. TR emBAIXBent4Pdescribed further below.

15 The output port of the instruction buffer and decode logic 408 may be coupled to an

instruction queue 412, which stores the micro-operations along with associated EIDs. The
output port of the instruction queue 412 is routed to a sequencer 414. The sequencer 414 may
include multiple microsequencer units 430, 432, and 434 corresponding to the different EIDs.
For example, the microsequencer unit 430 may be configured to process micro-operations

20 associated with EID 0, the microsequencer 432 may be configured to process micro-
operations associated with EID 1, and the microsequencer 434 may be configured to process
micro-operations associated with EID 2. The micro-operations processed by the
microsequencers 430, 432, and 434 are received from the instruction queue 412. According
to one embodiment, the microsequencers 430, 432, and 434 may operate simultaneously to

25 process micro-operations associated with different EIDs. Operation of the microsequencers
430, 432, and 434 are controlled by a control Jogic 436 in the sequencer 414.

In one embodiment, the EIDs associated with micro-operations are originally
retrieved from memory along with instructions of the different execution entities. In a further
embodiment in which instructions are are not stored along with instructions, each

30  microsequencer may be independently configured to fetch instructions of corresponding
execution entities. Thus, a first microsequencer fetches instructions associated with a first

execution entity, a second microsequencer fetches instructions associated with a second



9101 2345678123456 7812 eachattribute selected fromthe
group consisting of a cache line replacenent policy and a cache updatieAU6 2007
policy 14. A processor located in a system having multiple execution
entities, conprising: a cache nmenory having multiple cache sections each
assigned to an execution entity; and'é5§equences having nul tiple segnents
each assigned to an execution entity, the sequences adapted to receive
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storing the infor i on based on an.identifier, wherein the. requests
conbal WPGSTHERDE aTHHR OB SUFURE LS T hUTS DEAF I8 GRS am
count er ﬁae@ﬁﬂ:d%ﬂh@%@&@@ SYAnEh S PRBUENC eTts, 18RS Hr BT OREHNBHSabcARAPt ed to
fetch instructions associated with a correspondi ng execution’entity based

on an awdersdke pextinstmeldon i3 stoned iskogwamAgquogremyrcounsr nieide sigest torkeer radkai m 15

further ri sin no in i ch requests and. associ ated.identifiers
are ot ol protyh Sefbe BETRI gy " B B R PR S R TR PE LY Fhcl ae
| NSt I UChHio@Fhen chliferay Sk&Melinbtiictibes. TOMN &i iﬂgnﬁti@ﬁ,QE@ﬁﬁﬁbsdqaéﬁdaﬂmay ask
plurality of program counters and correspondi ng 3 m croseqguencers, each

ni P os egirtetcetit, derapaddn theoBFEHOA forexemple, iolshandediugtieniwithtan adduss

count or S0A18 RREMaLOMUN, Ty R MBI ARIAARE: FEMIRAREGeloPghfe P 00T
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i nstruction. 2 3 AUG 2002 -21 19. The systemof claim15, wherein the
ni cr osetflfEess of the pext BiskPE®nt ones of the

Thus, for example, given a system with several threads, two or more independent

15 program counters may be used. For example, three program counters PC0, PC1, and PC2
may be associated with microsequencers 430, 432, and 434, respectively. The operating
system may load the initial states of the program counters PCO, PC1, and PC2 so that the
program counters may fetch instructions associated with the different threads. The
combination of PCO and microsequencer 430 keeps track of the program sequence for a first

20  thread, the combination of PC1 and microsequencer 432 keeps track of the program sequence
for a second thread, and so forth. When an instruction pointed to by PCO is fetched, the CPU
200 knows that the instruction belongs to a first thread having, for example, EID 0. The EID
is then attached to the instruction in the CPU 200 and to subsequently decoded micro-
operations that are stored in the instruction queue 412 for execution by the microsequencer

25 430, 432, or 434 in the sequencer 414.

As shown in Fig. 4, the output port of the sequencer 414 is provided to a pipeline
back-end block 415 that includes various functional units, such as for example, an early
branch execution unit 416, a fast decoder unit 418, an arithmetic/logic unit (ALU) 420, and
an address generator unit (AGU) 422. During execution of one or more micro-operations by

30  the sequencer 414, these functional units may be accessed to perform requested functions.

The pipeline back-end block 415 also includes register files 424, 426, and 428. The

register files 424, 426 and 428 in the CPU 200 correspond to the three EID groups EID 0,



2 cache sections. 20. The system of claim 15, wherein the m crosequencers
are adapted to execute 2 concurrently. 7 3 AUG 2002
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buffer 452 (for read operatlonsg store data that are retrieved from or targeted for the BFU
404. The store and load buffers 450 and 452 are coupled to an internal data bus 454 that is
15 coupled to several units, including the PO-cache 102, the P1-cache 104, the P2-cache 106, the
pipeline back-end block 415, and a translation look aside buffer (TLB) 456.

Addresses of instructions in the instruction cache 406 are fed to the TLB 456, which
is basically a high speed memory in the CPU 200 that translates the virtual address from the
instruction cache 406 into a physical address to access the data cache modules 102, 104 and

20 106.

Based on the multi-unii data cache availability, the control logic 436 in the microcode
sequencer 414 may select an appropriate instruction for processing by one of the
microsequencers 430, 432, and 434. If data access is needed, the microsequencers 430, 432,
and 434 may concurrently access the several modules in the multi-unit data cache.

25 Thus, to improve system performance, multiple instructions may be executed in the
CPU 200 with concurrent access to data in the L1 multi-unit cache 202.

In some embodiments, the control logic 436 of the sequencer 414 may also consider
possible load/store ordering, outstanding data cache refilling, and other issues. For example,
in one embodiment, instructions associated with a request that has been determined to have a

30 high hit ratio may be scheduled first, as may instructions of a real-time constrained execution

entity having high priority.
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5 and thus are not retrieved. The fetched instructions are then translated into internal micro-
operations (at 304) by the decoder stage 408, with a corresponding EID attached to each
micro-operation. The EID may be the one fetched with the instruction or it may be
determined by the CPU 200 based on the address location of the instruction or which
microsequencer fetched the instruction. Next, the translated micro-operation is stored in the

10 instruction queue 412 (at 306). The micro-operation is then delivered to one of the
microsequencers 430, 432, and 434 {or execution (at 308). Execution of the micro-operation
may cause a data cache access request to be made (at 310), in which case a corresponding one
of the P-cache modules is accessed based on the attached EID. The EID is decoded by the
cache controller 108 and an appropriate request is sent to a corresponding P-cache (102, 104,

15 or 106). The data access request is then completed in the assigned P-cache (at 312).

While the embodiments described include a multi-unit cache memory to store data, it
is contemplated that the multi-unit cache memory may be adapted to store instructions of
different execution entities in further embodiments. In such embodiments, the information
stored in the multi-unit cache memory includes the instructions themselves.

20 While the invention has been disclosed with respect to a limited number of
embodiments, those skilled in the art will appreciate numerous modifications and variations
therefrom. It is intended that the appended claims cover all such modifications and variations
as fall within the true spirit and scope of the invention.

What is claimed is:
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8 attribute selected from the group consisting of a cache line replacement policy and cache

9 update policy.

1 2. The system of claim 1, further comprising a software layer adapted to assign
2 identifiers to the execution identifiers and to assign each buffer section an identifier.

1 3. The system of claim 2, further comprising a controller operatively coupled to
2 the buffer memory to select one of the buffer sections based on an identifier associated with a
3 request from an execution entity.

1 4. The system of claim 1, wherein the execution entities include processes.

1 5. The system of claim 1, wherein the execution entities include threads.

1 6. The system of claim 1, wherein the cache memory includes a multi-level

2 cache memory in which at least one level includes a multi-unit cache memory having

3 multiple cache sections.

1 7. The system of claim 1, wherein the execution entities process data according
2 to different temporal and spatial locality characteristics, and each buffer section is configured
3 based on the temporal and spatial locality characteristics.

1 8. The system of claim 1, wherein the processor comprises plural

2 microsequencers, a first one of the microsequencers to execute a first one of the execution
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1 10. A method of setting up a cache memory having multiple cache sections, the

2 cache memory located in a system having multiple execution entities, the method comprising:
3 assigning an identifier to each execution entity based on which of the multiple
4 cache sections is to be used for the execution entity; and

5 configuring each of the cache sections to have an attribute based on the cache
6 usage characteristics of the one or more execution entities assigned to the cache section,

7 wherein at least two of the cache sections have different attributes, each

8 attribute selected from the group consisting of a cache line replacement policy and cache

9 update policy.

1 11. The method of claim 10, further comprising executing a first one of the

2 execution entities on a first microsequencer in a processor, and executing a second one of the
3 execution entities on a second microsequencer in the processor.

1 12. The method of claim 11, wherein the first and second ones of the execution

2 entities are executed concurrently by the first and second microsequencers.

1 13.  An article including a storage medium containing instructions for managing

2 memory in a system, the system having a processor, a memory with multiple memory

3 sections, and multiple execution entities executable on the processor, the instructions when

4 executed causing the system to:

5 assign each memory section to correspond to one or more of the execution

) entities; and

7 configure attributes of each of the memory sections based on the memory

8 usage characteristics of the one or more execution entities assigned to the memory section,
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4 entity; and
a sequencer having multiple segments each assigned to an execution entity,

5
6 the sequencer adapted to receive instructions from multiple execution entities,
7 each segment of the sequencer to execute the received instructions concurrently and

8

accessing the cache sections concurrently during execution.

15. A system comprising:

program execution entities associated with identifiers;

a multi-unit cache memory having multiple cache sections adapted to store
information associated with requests from the execution entities, each cache section storing
the information based on an identifier, wherein the requests contain instructions; and

a processor having a plurality of program counters and corresponding

microsequencers, each microsequencer adapted to fetch instructions associated with a

0 I O h BROWN

corresponding execution entity based on an address contained in the program counter.

—

16.  The system of claim 15 further comprising a memory in which requests and

2 associated identifiers are stored.

1 17.  The system of claim 15, wherein the requests include instructions, the system
2 further comprising a processor having a plurality of program counters and corresponding

3 microsequencers, each microsequencer adapted to fetch instructions associated with a
4

corresponding execution entity based on an address contained in the program counter.

1 18.  The system of claim 15, wherein the identifier of an instruction is determined

2 based on which microsequencer fetched the instruction.
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