; €3e4T: &6T4~@ O 02/ 25e7 CACHE DYNAM CALLY CONFI GURATI ON FOR SI MULTANEQUS
ACCESSES BY MULTI PLE COVMPUTI NG ENA NES 5 FI ELD OF THE | NVENTI ON

PCT/ USO%i2@082:7Enbodi nents of the present invention r elptradoo2eagche nenory
devices. In particular, the present invention relates to a nethod and
apparatus for sharing of a cache nenory device by multiple conputing

engi nes. 10 BACKGROUND CUhﬂUﬂ%@ll ﬁéhﬁYﬁﬁyﬂﬁﬁﬁbaln mul tiple conputing

engi nes. For exanpl e, 8%? NOQUSWCCESSESD)  chip may include a
Central Processing Unlt (%ﬁﬁﬂj5H3E§06FQ6HF%@“HW8%essor The conputi ng
engines in a systemmay share systemresources. In the exanple above, the
CPU and the graphics processor nmay share a system nenory device, such as a

Random ACEEROFNVHRINWENTRAM) devi ce. The second conputing engi ne may only
need the shared r esource at certain tines, and thus the resource nay be

shar ed dynan1E%W?meﬁ%we%%ﬁﬁﬁW@““é*mﬁ%ﬁ@ePFW@ deyigrs Tepstlicnyyh P58t access to
the enti e %SLARIERNMbYand APFat@tor QB of £chdBrRenfol-dBhice bYGMILBEuGAPNI CS
processor is perform ng a graphics operation), the éb may share the system
menory wieteghiet he graphi cs processor. In this exanple, the system nenory nmay
switch during the course of system operation between shared node and

non- shared node dependi ng on the needs of the graphics processor. The

i nf ormat paok6eewny data and instructions) that a conputing engi ne stores in
a RAM may be cached in a cache nenory device g"cache" , such as a Static

Randon1AccessCWﬁWﬁﬁvm@S%N%mmWﬂﬁﬁﬁﬁ@mwﬁ§GWQVE YieHYPe 2pBes de citiitays, in
whi ch ca toeSit, d P Y I onl. ypih output and
si ngl e Oglﬁp S?y‘?ﬂlu@é (31% A RA%6n C[ﬁnt(ﬁ? elﬁ"énenél%rhacﬁ%gc E[J, Th goﬁlp@m@bngﬁ%sl%]_ borted, in
whi ch casgmﬁaﬁhmmehhmmmwmhﬁIameaymMagmHUMMPph@um@mmﬁwmﬁa@henshaﬁhng is a
techni que by which a cache is shared between nultiple conputlng engi nes,
such as éﬁ@PUmﬁﬁH“§“©W8ﬁﬁ?E%m%ﬁ%%ﬁ%gﬁW“(Bﬂwgﬁﬁﬁ S segsor e g el s che
farthgst .£f QMtdee HLREEIIHN at CRLStheS aRMMRL @glesomenaz%ﬁé?@%pnaﬁﬁga[l?aﬁ)he sharing
is for bot% computing engines to send requests through the bus controller,
such as bheM@ﬁtb@ﬂbusm@@ﬁhmmh$@mmﬂﬁpéeawpm@achmmequwp%@wvheﬂcEhe bus be

shar ed, affect CPU p r n.addition, this
appr oach ™ ?“5€EQK3FPW$? é%gﬁﬁ%%%gpmmo 5%8&3’E€?Pm3*“e§ﬁ”gPHﬁ *neous cache
accesses witPdé b aphidd pidedsio, VAR Bxaln NI 16 AGIRE mbrSonSha) glikh Pand 1etkbow RESCGRIPTI ON OF THE

DRAW NGS Vf0 02/25-t-t7 PCT/USOL/ 29Q02 FIG | is a lgiartial bl ock
di agr am efe aondeirp shared Bods PPy Pt dedepeadigan hhzeeds PENCARRHPREFLY
20 The information (e.g., data and instiuctions) that a computing engine stores in a RAM may be

cached in a cache memory device (*"cache™), such as a Static Random Access Memory (SRAM). A cache
may have single poited anays, in which case each bit storage cell in an ariay only has a single output and
single output port {i.c., a single sense amp), o1 may be multi-poited, in which case each cell in the airay has
multiple ports. Cache shaiing is a technique by which a cache 18 shared between multiple computing

25 engines, such as a CPU and a giaphics processor. In some systems, the cache faithest from the ptocessor
cote is shaled.

One approach to cache sharing is for both computing engines to send 1equests through the bus

controller, such as the CPU’s bus controller  This appioach requiies that the bus be shared, which may
possibly affect CPU performance. In addition, this approach is generally inadequate to support multiple

30  simultaneous cache accesses, paticularly whete the cache is single ported.

DESCRIPTION OF THE DRAWINGS
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configured for sinultaneous access by two conmputing engi nes according to an
enbodi nent of the present invention. FIG 2 is a partial block diagram of
menos y wadeessly a way subdivided cache array, and a set peraisbdiosvried cache
array according to enbodi nents of the present invention. FIG 3 is a
partial block di agram of a cache tag array confi gured for dynam c way
Subdvi st on, acseritL il 0N STRALIRIL Sy LS. RLERSRL, vERDI e HIC o 1
subdi vi si @ﬂﬁgﬁﬁﬂ:ﬂfﬂldﬂgleﬁﬁacﬁfﬁs @Mmﬁﬁlfgten@‘fcs {cttﬁillﬁﬁc@ﬁ@‘hﬁodllna?t/m'p@ﬂm 10 F1G ~
is a partial block diagramof a cache tag array configured for dynamc set
subdi vi si B ¥ecor di ng to an enbodi nent of the present invention. FIG 6 is
a flow chart that I, S ceording to an

enbodi nent of ﬂ'?%ez I%Ir}) gg@ﬁ?d\lmﬁvgﬁglng&w%%& %\a?é}bggdeg?ama‘l'aybal ck di agram of a
conput &r sly(B\tl(emahl&\mla’ygccaldmat@hteboﬁlhaitsof@e;ﬁlg&ﬂiﬁmwt&H y 15 configured for

si nul t aneous access a CPU, graphics processor, and digital signal
processor accoFr“ﬁ 3h“p? alﬁlrci"ké’ﬁﬁfﬁgﬂ?fﬁé?‘ilfe”t%ff"ri"ffé““p‘r”‘?éjsf%}ﬁ%””‘i“ﬁ\)@rft“idb’kﬁm“ DETAI LED
DESCRI PTI &\&&@Mlemmmefmetptk@emnﬁ\/@.-ﬁ@.nt invention relate to nethods and
apparatus for cache sharing which 20 support sinultaneous accesses by mul
conmput i ng englﬁ*@s;1 is agpéEf bkﬂhe’ta"ra"a’agqclrrpg’ﬁfe"ﬂmnFqné&ﬁreé&»cheanucs“ausedws@he present

i nvention tted cache that may be dynamically
shared by '1090(1}3%0 "‘n embodlmentoft?egmegentvan%on and may be simul t aneously accessed
(e.g. .0 read WG, t565)a pﬁ)ﬁalﬁbikﬁla@hrﬁof@mﬁglan@ c&rﬁgtilﬂie@l dfr@hic @XAkRlin according to
enbodi nents of the present invention, |locations in the cache may generally
be under ftcff’éj”t@(ﬁjrﬁ“F'B‘POd‘ﬁ‘F“taf"l“iPreéePt”cé‘h*ﬁ‘m| ng engine, such as a CPU. In this
case, the Cac% l6s arhg& clﬁnar\tglq)\ sﬂet&ggﬁacge shBQ%Qchﬁdl% tOS%QIQbOglm n(?grfpllilatl ng engl ne,
such as a graphics processor, may send a Si e cache that gi ves the
second conput innegticdngi ne excl usi ve access to a subdl Vi si on of Iocat| ons
(e.g., cache Li neéf) in the cache hus, for exanp whet a a graphics

appl i cation sdéh /& ratig S diaﬁa”b%fl h‘b“pét?ééiﬂ?t“é’él"“ﬁy C%C'Fféhab‘? APrTiedY processor, the
cache 1gmaycolgueodf &k Bshs $eesdhatrl, BEIERE BRssh SundNARELnPM B BecGRRPHTL T N
engines. In this case, the cache may be said to be in shared node. The
second cofmﬁmqu'r"lg"feﬁgﬁlm’éenmymaccess (e.g., read fromor wite to) a 30

| ocation within its subdivision of |ocations at the sanme tine (i.e.

si mul t aneously) as the first conmputing 1~' O 02/ 25.1-t7 PCT/ US(ll/ 29102
engi ne | spERGESIIRIgrRATIORCAt | on out side this subdivision of |ocations. In
one enbodi ment, arrays within the cache are subdivided according to ways.

I'n anot her ent5oUPSHRAAE of terresrydnupHEIpfe 1o Histheds i aPparptes fa stk hTaidc cor di ng t o
Sets. ,4 n s@ppfm”ll&lhé&o@q@@sgés BB Rtple Qoriputing B¥RedTBY: H€ §HQ@'pM&e9&gheﬁ’sQ&eQ' ding to
both sets and ways. The present invention may provide for sharing of the
cache by ’F;hnylesqmm@rlomtfovclomn@usmghgml@ngqclwelgt m&y bF(ﬁY@?mNEE“)I ssa@l bpatltid al bl ock

di agi am of ng S system ha a cac | i | nam cal IQ/ configw ed
for si rrul“t"%\h‘é%e% 1ctese S”“t”\kﬁe"“ St“ A é??g“h‘é >é8683 RY"E BESH enbodi nent
of the presgantpd, hv&mltalamboﬁl]awatt@meaegt@mc@m @kANGns & tielcichd m5 @FRLyIbAY engi ne
110, a second conputi ng engine 120, and a cache 130. System 100 nmay be an

i nt egr at etdesfhe eopi o OféﬁlSbcomPLFlPﬁé:”&”ier%‘t“ aghieP s driinetscelbmpie is Ay S@h@/ﬁfﬁwcrray be any
type of PLOFESSANSnGARERLE. Ol SXGEHEL DO IRIMEL MR BUE oA A1, fxampl €

m Cc~0pr ocesso-s, controllefs, 10 0~ speC| aﬁ ‘pug pose }h :
exanpl e, s'E:d’Oﬁﬂ cfnmpmﬁﬁg eﬁg)mktﬂusuﬂtgacteﬁgian&bdﬁikiﬁn srengatide (@g. Clehd ham:hn thheaclsecond
conmputin PI ne 120 may be a gr aghl CS p~0Cesso-~. C@ may be an
SRAI vI | eV8y OQEXtT% v.léeé?éxﬁé\pl'f%?pp o fucltaﬁﬁﬁ?ﬂe [sr{)@m%%&ﬁutﬁ yltheﬁnépuc's_-%{g SS?’EOn’putl ng
engi ne 110 4RYmR&e &hE&ld bRt hycaGOl Rl &Hbyt B CAGRE e kndResDh s hdeSile c&BPUL i NY
engi ne enable li'ne 111, an address line 112, and a data path Ilmo | 13. Two
corrponentx@y at S@Idmbemtshquaiodiw T@Gwmdednmtﬁngarrzmiﬁa)eak@@t(ﬁss teadiiomgir grfalo) sray  be
hgr:::nmt t q?clatlon WVI\@IHSSL(IPQ&\ISIOT\ oc%loca(?lmg '\tnl%rs]zgn%edllmggg'% snmélgﬁﬁ%x?:[ I s(e)llﬁeqllrsgﬁo%itpllﬁﬁF r eThe teem
connection, or an indirect cormunl cat| on. For exanple, first conputing
engi ne 110 may be electrically coupled to cache 130 through a bus
controller. Second conputing engine 120 may be electrically coupled to
cache 130 by a second conputing engine enable |I'ine 121, an adds ess line
122, and a data path line 123 In an enbodi nent. second

Fog



20 conmputing engine 120 may be directly connected to cache 130. Address
line 112, address |line 122, data path line 113, and data path line 123 may
be capafipanebitiransmtting nmultiple bits of informati onpcRasoexamopl e,
address line | 12 and address line 122 may each be capable of transmtting
a 32 bit nmenory address. First conmputing engine enable line 111 may be
cache. at “BGr Se THouR LB L e B R ROT 1 Ra" £TS ey 88" eBUBled the cache
at i nput cdcfdue s@a’énvﬁ@fa@d’ddim@(brf@%t lnﬂ@oli@f@ibé’hﬂne@t%@}s@nthlh Mecadrb ke ABYviRR@ coupled to
the cache at input 151, address Ino |22 may be coupled to the cache at

i nput  152ccordipgdo gt B 2pathe embodigmert. 2gavpipgy bpmbdivisprcevidingge hoecteame hes-dthe i nput 1 53.
Cache 13 ¥nv81gglntn‘?zf 1o%fieq§!t59a of{hgé{xcl%g)zan%qulb?' {]%Igpuﬁn neg'37 whi ch may be
any type of conventrd cache menory arrays that aye tonfigured for use in
the prsesent i Fwent @nial bhagligrmnaya dodplitenByensiti@fy Radhaugs istdp@inicalye used to
identify the | gcation of infoi oration stored in data a~ ray 132. In
add|t|oncm@&Eﬂen@HngﬁmﬁﬁVS@Pﬁb“ﬁ@%f%?ﬁ“ﬁﬂﬁ%*“ﬁ?Wé?%mm§ueﬁmé§matLeast

Recent |y mk@ﬁg] (4\'35&% Iﬁ(y@ytal@sgqhsaco§%t@r£g%n&{erl?tya seé%ﬁc!l%%)ﬁﬁuhh ngfne 17(;‘31M9ca(: 2/ 25. 17
PCT/ USOL/ 292 cache 130 may contain a plurality of 1ocations, ich may be
cache I|nésS&mmamgedb¢ﬂm@$eedewaﬂﬂmmﬂwSmaehrmmbmmMEmﬁmpmaMMea@h|ng desi gns.
For exanpl €. data au ay 132 may contain | 024 sets and S ways, and each

| ocat i on “PROPRESRF FRIPTPAGE it éti“ﬁ“‘%sz““”fﬂ“f R aknis 8P%fsf°bsnm‘°‘f’ﬁ"“éﬂ’“é?rrbodu ment
of the p'bles‘is@ﬁltpuﬂp&h'@zm“'agnl?m SahBY, the Bilst c&ﬁﬁthﬁ;, k3@ | IMRYy B8 HUVIAR bRt O
subdi vi sions 5 uscd for cache sharing. For exanple, data array 132 may

cont ai n &°nfritng ensiwe B URY Prg sepitfs pecetspll (ackeuBUinaribe indRAM3Geldnie?) erchs Frar ed

subdi vi si nd g array 137 nmay contain a first conputing engi ne
only subgge?éﬁg §]§]gﬁd a shared subdivision 139. These subdi vi si ons may
be subd|V|S|onsnﬂmmhmgﬁ@mom3m3$edﬁmemy@admbﬁbmmmwMﬂamuen@Mmgu@ﬂ¢V|S|ons may
be used if additional H?PUtlng engi nes _are to share the cac an

enbodi meRtPlptref Hengfdselive | et g HéhBrorsoronay ﬂ'Be‘e"&%'ém”eeddf"‘“

dynam5ca|ellea(l i ngﬁ%ﬂge llaq%snfnllieg mt\@ee@né{v@gm%gﬁs it R et 69 B‘ine@tnﬁ-rﬁmgtempde ( and

Vi ce- versa) usi ng t e subdi vi sions. Such changes may be based on a val ue
(e.g., a MmagW>@eﬁ@|vedmmﬁm@mghcemghamedmwddemwM@uwadmﬂ@dsuch as second
NP A SRR Gl Rk LT A
access t @ulsBudieC 3tdoUSmpubingeRAGHR €203 be elem\/&amo@p&a tb&acﬂusﬁo gae&oddnt o a shared
mode, subdrv tsions of locations in data an ay 132 and tag array 137 may be
dynanmi caktmputak preeatede e iihee s lipnldZ g rptit iefigneldy i hesmbadingeieer! shar ed

erde’ZOt h%o L‘@w gn 1[1§HQQ1WV$C%ILEQR$C 1%‘(?%’(0 c%@h?%m O/Iddleg%nealrli @éﬁ?esswugﬁatﬂ LO_Ca_t ed to
t he secon coﬁpﬁ I Nng engi ne, wh I'r'st conputing engi ne subdi vi sions
(133, 138)c 1cHni idau@thtioe Remal bk cpateattrabmittaeutiple Sits oG opymetton. Nyr @mgilene. The
shared subdivisions of the data array 132 and tagzarra | 37 shown in PIG 1

may be réfsiiiad 1t gd alirearias BAMOUBYRG P B AL M HREEES & P RN Gt s of the pt

esent i NYeNLI.QBgint BEu1d 106 Al LANS Mipled B LR SCpSURLhatieSiNS 2 MBY: e ei t her
allocated to the first conputlng engi ne 20 (when in non-shared node) or to

t he seconarieBnperarhngt adhgs inmt (Edaedats pridinaliehasnhs depled tipache attnpit §&-
25  Second computing engine enable line 111 may be coupled to the cache at input 151, addiess line 122 may be
coupted to the cache at input 152, and data path line 123 may be coupled to the cache at input 153.
Cache 130 may contain a data ajray 132 and a tag ariay 137, which may be any type of
conventional cache memory ariays that are configured for use in the present invention. Tag array 137 may

store tags that are used to identify the location of infoimation stored in data airay 132. In addition, cache

30 130 may also contam other ariays, such as a Least Recently Used (LRU) atiay and a state array. Atrays in
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subdi vi sions are shared on a tenporal basis. V hen allocated to the second
conputi ng engi ne, these subdivisions may be refer i ed to as second
conput i wg @ngiae subdivisions. I n an enbodi nent of the iroaewdoieG02fi r st
conmputing engine 110 and second conputing engi ne 120 may both be able to
sinultaneously cache information (e.g., data andlot instructions) in their
respectlv di vi si.on ache 1 he 25 130 is ||| a_shared

a
mode. SyS c%em contam a ?uwf?lét elocatlonT \VﬁQI nVVégeﬁgl‘i%gFﬁf anala;g I“Bf-?tséé ‘ﬁﬁ‘é%m for the

sake of Qé(lad'ﬁpdnﬁ,cachlha&es@bel?of éxﬁrﬁ;ﬂe @aﬂﬁ@d&h!%ﬂ&y@é’hﬂtlnﬂ@%'s@s afd QRJ.)JS @dack he second
conmputing engine is a graphics processor. At a first time, cache 130 may be
i n non- shattioed e maninieih e bPUinferetittave excl usi ve access to the Iocatlons
in cache 130. , : a.in, read
dat o from any T enateh ARk PRSPl § SR SRR g engi ne
may be um&bb8mﬂ©ﬂaﬁ@£56eﬂamhem&ﬁ&J3VEmhﬁMmﬁh@mﬁﬁﬁhﬁ@h@h@&W&@&M@&d a

| ocation in 4 02/ 2s~~7 PCT/ US01/29C02 cache 130, for exanple, it may
assert tHE*W?T%T“@HWﬁGPPH@a&H@?ﬂ@“éﬁ%ﬁF@“Wﬁ%ﬂ?W”mTT“%ﬁ&“TF%ﬁ§ﬁWthn addr ess

on addr €S8 alm!i ﬂ@mJd]sgbdlv-gﬂﬁ'IBQah@se%gcxggls fn%rbeEJB@W&Q]Q%]dc&ﬂns@gg&gcﬁ&§ geqiou y be

transmtted back to the CPU over data path . During the operation of
systen11G©¢mmhsmgmaphmesmpw®¢a§$mmwmmwmmeamwt@e@&mh@e@ama for exanpl e when
it begins to execu%cia %% EhICS a Ellcﬁtbgn such as In this case,
the graphics pPECBEEEPAY° AETEFTME B%bﬁf?p?P&"é?\”@%‘H“@")ech%l‘ge line 121,

thus sendingsh eshak &d nbPagesRbasuvaNv4BR RAHNIsSs! BudRehalg® nafileS
enbodi nent, second conputing engine enable |ine 121 nay be a shared node

i nput tob@ﬁbhéw$8®egPW%%H“@&UH@WRQ@mﬂé@éFW@%mas@hﬁﬁ@@mﬁwwwmﬂahﬂé on second
conmputin nabl e ) nt n this case,
data arr gyel?g()é?n tc mPu n cnabller?lqe l%gl\’k Eadwrrq%IOH%P a nol’nl’Sﬁa)?ileg mlofllz?el(;st C nlgﬁli%o) may be 10
subd|V|dagmhmm@nami¢&amwemﬂ@ubmngmangmﬁemSGMdmmh&uﬁmm@&s&mqlﬁﬁy and a
second conputi ng e(glne subdi vi si on §134 139). At this tin re, information
that was "eifr PRSP Fﬁ?@H“VWafﬁé”?ﬁFfﬁabﬁﬁﬁﬂf@ﬁ@“@ﬁ@?%é“@ﬁﬁ&ﬁﬁﬁ%|on may
remaif fQ&o&&ﬁm?&g&&ﬁ“QPHhMMhhﬁm&ﬁe&%@hﬁ@x&%@ﬁw4H@%Qhﬂﬁﬁbﬁﬂmﬁﬁrrent|y
stored in the second conputing engi ne subdivision nust be flushed and
witten bm@kﬂwnmﬂammhnmmmwewwaénaugéﬁuhwsmgn@mthEMWoﬂtﬁa@&u@Bdwby t he CPU

and t hese su bdi vi s] now t he phi cs processor.
The or apfied g igtedi Piigor o Sedubd SR Rt OB B an addr ess
over addnreSkouhiigc.h Zt%y beA BYhcdl B b Bsn iRy HBRIsi B B&RIsE, theflbdameits dat flesprat h 123. In
this enbodi nent of a shared node, the gi aphics processor may have

excl usi véw@é@eté(slOf(l@ng“ithmrt'eeepdubdwsmnﬁt@) beteiier Hecatedle At fehignAviireetsee second
COITDUJIOI il xh%n 19 Ino@%hﬁelal% Z!) %o tger.'s%copofco%&ﬁ %Q&Q?\xl%ﬁ in l%%?r’hoa@)n‘iihug hl%SGCPU may have
excl usi ve access l'ocations that are mth n st conputing engine
subd|V|smmm&maheesemmmﬂn@@mmmmEngmﬁn@nm@usmbdmmh@mmn@mﬁywbewreferred to as
"l ocked” when the second conputing. engine has 20 etc|usive access to this

subd|V|sﬁ@ﬁ““?ﬁmﬁﬁﬁéﬁméggﬁ5?H€°8Wﬂ%¥“§8ﬁﬁﬂ?7W@Séﬁ@ﬁﬁggnﬁﬁﬁﬁﬁi use the
subdi vi s |an&\t,H,nﬁ,!;t col Tutlr{cr%ngfng ﬁ%%gorgé&%umé%%% @”JOnlg) foth b@ﬁbl@m%hlﬁﬁ@p v:hen
the cache is sh are£ tiple conputing engi nes may access the cache

si mul t aneoursifyrmatibn feg.. gwprn@gmpmmnegsmmMSMM%ﬂumﬁ@mOéwdaéﬁbmﬁnvm@nd at sone
| ater_tine, for ﬁgaggle when a graphics application termnates. In this
case, Pcadthd 158 be dynamically returned to non-shared rode by de 2~
asserting thess@s 0iGhag iR LI NGweNGk ieuLiBoddudes fonBe s22 3t exdniglrgmme hétii S
non-shared node value is received by

computing engine 1s a CPU and the second computing engine is a graphics processor. At a first time, cache
130 may be in non-shaied mode and the CPU may have exclusive access to the locations in cache 130. In

this case, the CPU may be able to stoie data in. or read data from, any location in cache 130. Thus, the i

30  second computing engine may be unable to access cache 130. When the CPU wishes to read a lacation in
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cache 130, the second conputing engi ne subdivision is flushed and control
over this subdivision given back the CPU. In this enbodi nent, cache 130 may
be dynamyoabbsssrhanged back from shared node to nonshar epcvod@/ame nunber
of times during the operation of system 100, and for intervals of any
duration, based upon the needs of the second conputi ng engi ne 120. WO

t é2é§5t L; ! ég?g%ilgé%]'{ ?lnﬁ qiseitr!he(}nst comPlutmg enome C{i%ghmn{)dn iiansmigmg' }%Er‘%gcﬁ: Zgat
ays may hadasthdiivi dediai. abed @ irieucrca'bn dda@dtﬂayig:tengmaa)adrid e PURM; WdiS1 on, a
second conputing engi ne subdivision, a third conputing engine subdivision,
etc. |n ofi@!Enbodi ment, the first conputing engine is a CPU. the second
conmput i ng engigyf i r r, c uting 5 engine
is adigital S|%’aengrgggggggﬁlﬁt&§ﬁ$ﬁ8 mc?ﬁﬁﬁ§n%ghémgﬁtdggggp%ns do not
overl ap, edi bepies 1 achie agayhics gilication s@ng a garbinmadchdMhe@faptie pondoGagput i ng
engi ne subdi visions at any tine. |In one enbodi nent where the CPU is the

first codﬁﬁfﬁﬁﬁd%WBWHémmPh@mﬁﬁﬂfhinh?ﬁmhﬁé“@%ﬁ?ﬂ%ﬁ#@mﬁdhfﬁdwsBWeW at | east
one subdiy §h'1b9(ﬁmenl Bechild k&tp@ﬁ?%fn%@ieilmé 2k m%xt@qmm%d m(gdbﬁpugogachgalXO share the
cache with the second computing engine for one tinme interval, with the
third codﬁU@mﬂ@1éhgwne95®denbth®mnanemmMMezm@hAmahdePthmmd@hﬂthe second

o0 L A GRS, BALASS, LL RIS AR e B LS 2 S 2
220, and sabdseted iStUbdlsﬁ/cbidiﬁidng(é%ﬁ&ibafifi@i)(1333@8)@%@5c6“d'3@npht91g@@h@ﬂbms of the
present invention. Menory address 210 may be an address that is hansmtted
on addr es$34 13e Athip tiggg: nfpeyepriengieet yas prg euplp for g e fupt emme%eeeh?weme@nﬁnxing
engi ne ne r i fied . Aaddr ess.

t he enbo ??raé]nf% g &ﬁ%?%h.@ﬁé”ﬁg&] mﬂ% ﬁgorlr%?!ff ad ?yesgosed % ?C?s{nda it menor y
addr ess. a@enmmymﬁddmd&sm@&&mmamabedanmaddmesgmame&mhﬁﬂﬁmmonmuﬁdm system
menory (e, RAVI) that nay be hanslate.d into a cache nenory address as
shown in i"—*igc(ﬁ:U anfl thelf\"cst;' "éﬁ‘oﬁsd“ B9 Foatrol ks e Rerltes PrRsHY (e gadceRee 0 my be
subdi vy inday 'th@lt fcc@l) ldc[ﬁgﬁgw htllldﬁl%gla&:lléﬂ ov@ a&feks b Bh Cinc?d;lg ma)%Qar@mttt@Qvefr' eld 211.

Of cow se, the sizes of the fields may be var red based on the str uctw a
of the cabhemaWBdy@weﬁb@mwdnﬁgmudwe@nvﬂmmhwmwh%@amhmngvﬁemhmmqu@s; t he set
portion of |dentif he cache
B raye. e i P s Bl i e Pl s e R Rierbhac oot
of t he t agnahdve ayiumtedcc@tetoerrenﬂcn.ensmat?aiecihhewayc&hemg EhfgiQd: susnrvetohmhdsscor&it ored in
(if there is a cache hit). The index portion may index the cache line. The
way subdigheiees ceet?nebdannaryﬂ>29t9fﬂaqfi@aﬁHe?ks*etvh% e erFapf epagtipm@pier hay ray 230 shown
m Pl G, 2 LERLEREL, &é@ttgma n nmﬁ,cha&sethbgtxe] Etmimhge.sliminyit gtstie%&n;oq' ng to two
di fferent Iments o e present I nventi on. Array and array 230
may be anymanmaymﬁmue,mamheﬁsu@hmaewmamhemh®®eeﬂm@d@whde®emgng a set array,
tag array, LRU array, etc,). In one enbodinent) the LRU array keeps track
of the Iéﬁ%FSP@deﬁFNVCﬁse Wi each subdivision. In FIG 2, the cache ai
r ays 220 and T@Qap%@ﬁrbcaﬁavgncedffgra c@h‘eaﬂpler@ﬂt 53196,2'461%%& $on @(@gpl&xﬁé@y aphig course,
other arrangenents nay be used According to one enmbodi nent, the arrays in
t he cachemawwmdmvwdedha@e@ﬁdwng1$0mmﬁwﬂemdev%eF@hHMSOWWHP@beﬁbodinent rs

illustrate ubdi.vi ded cache n %his oadi nent , when m
share Ssc'\?\%‘e Si%?%”ﬁ"?“ﬁé’i‘% r@ﬁ &%2 Vit ?ls mggg'ﬁd CorpUt isnegfie ‘éggy i ne may be

a||OcateduﬁeQhu&ﬁhthmﬂhn%@Mﬁwhmmaﬁ&ﬁﬁhﬁwﬁﬁﬂ&MmﬂE@hm&%&ﬂmbegw&hﬁmarray may
be divided into a fir st conputing engine subdivision 223 and a second
conput i ngheehyi Hehistitbeivens g 1 P20y bqpiragisalis e PREREO™ SPTHSPEdvIBUL i ng engi ne
subdi vi si sf?aned%%g’e aWum%Q @}t@t{epduy\ﬁyﬁ 1a§on og} Qen@m%%ﬁcpf&qnt&\%%%i (ﬂlgih&]ngl ne
subdi vi si‘on 22 4 may contaln ways 6-7. cow se, other sized subdi visions
may al so thed ousededs Aceodidrgnuidng bzing 128nbodi nent, when in shared node, the
fir st conputing engine has exclusive access to the ways in first conputing
engi ne subdi vi sion 223. and the second conputing engi ne has excl usive
access to the ways in second computing engi ne subdivision 224. According to
anot her enbodi ment. the arrays in cache are divided according to set

subdi vision. This enbodinent is illustrated by set subdivided cache array
230. In this enbodi nent, when in shared | O node, each conputing engi ne may
be allocated a plurality of sets in each cache array. For exanple, the
array may be divided into a first conputing engi ne subdivision 233 and a
second conmputing engi ne subdivision 234. In an enbodi nent, first conputing
engi ne subdi vision 233 may contain sets 0-767, and a second conputing
engi ne subdi vision 224 may contain sets 76S-1023. O cotuse, other sized
subdi vi sions tnay also be used. According to this enbodinment, when in
shared nDde the first conputing engine has IS exclusive access. to the sets

o, - o NN PN o -



The r eJative size of the set subdivisions is variable, as is the relative
size of the ways subdivisions. In an enbodi nent whet a the fir st conputing
engi ne we 0a28RW, the fir st conputing engi ne subdivi si orcsivze/mmy: be | a

get than the second conputing engi ne subdivision size In a further

enbodi ment, where nore 20 than two conputing engi nes shale the cache, the

cache arrays nag be divided into nultiple way subdivisions or multiple set
subdi vi si ons."f F“@%ﬁﬂﬁT@tCWW13”%%95%%%H?UWE@&”@ﬁBHHWﬁéﬁ*wﬁH”Whlch a cache
i's shar egdbmd, Gokoncdhay@RNILE Sib @@l NS« rANm Mg dh@le ol AR Qggssor, the
ways 0-3 Haymbe al cghé?edgtolthe CPUPi waygghgé]%gf % gﬁToéhfél to the
graphlcswangmm®gmamum¢maﬂﬁsdGm@mmavIBSUQNMUnamemomambhemdugﬁnﬁl si gnal
processor. In a fu Qgiﬂenbo i ment, cache may be divided using a
conblnat‘fc’bﬂmeBPre“E‘B‘iﬁq '§UtHd VF%WBH”%WHSVﬁV'fgmé w1 thgheompgipe exanpl e,
the secoa@n&Qnmy&un@nFagkaemnn%mgﬁmalmQQ@&@ﬂmwa%ao@mzxgﬁuéakénél2 1 023.
FIG 3 is a partial ock diagiarn of a cache tag array configured for
dynami c vmwngub@ﬂvﬁ@meﬁmaﬁbamHngmweﬂéﬁwewbwdmﬁEﬁtm@#emh@mPMe@@ﬂt
|32\7/}ent I| gtp% %P-[Jagthc nstaéngEtnm enCSJlQ !’J%‘%almphas e\cluswe con?césc;\éeh%/ﬁfwsg%]e%/grl.ll\%g?on E:grr\p,\ﬁ%ll Zg
engi ne omhhys cmbdadhewt i eQefMp(eSiimVU m@ﬁshigiﬁe mll;iSltﬁ)tﬂw Fedotal dompieh 2@ (@ bneFl G 2} .
V' ay6 and way? nay represent the shat ed 30 subdivision (shown as |34, |39
of FI G HmedHyvah p4h (it thipd cappudne engnes at yppiftsr Gipg iptsvplond PrpplUSOEFoROmA Pird he
resp@@t|%gmm@%mgHgﬂyg§m§§§,@53,elects ically coupled to a plurality of
conparatots (conparator 360 to conpai ator 367). Each of the 8 ~ays at a
di vi ded |ntoFaBphu&maﬂbmwd@@mwﬂmsm@ﬁdes7H$®0@mame&dwmmhuazmommdecoder (381
to 384) and m%th row sel ecto ere may be, for exanple 1024 r ows
in each WalPdvidf ¢ ﬂ%mghﬁgd?ﬂ@HFO?ﬂ%ﬂﬁ““?h@e ?%mEW@“dWVPﬂéﬂi?ﬁ?B four equa
bl ock i ngdanti.adkisORns is ndRSitdiloh AMreds Find 115 Walesstind At Ondh 8AMEHuvaDdpBACh pair of
ways shar "a a row decoder . Each i ow in each way nmay contain a tag and nay
contain @Einerneédbmta@esmhtlsenEadwtromweqibe)bbe adfigp. leteaambbdnentsfovpit BG.i2n | engt h. O
cow I Ows and may
storzgle?mPeﬁﬁﬁgﬁgéa?ﬂynmmTéMﬂ mn %mgfg@q% %?5?ﬁ§y§ﬁ§%gmn "6r 325. a
sel ect orsystehilmendnde. @, ;S@/l) @aitnQy be?erzLatea_llﬁtGS eachBle@6il adiRssRBYovden BOY2. coMponent s
capabl e of selecting between nultiple inputs, based on a third input, and
out put t i Hfgeritego ihi§piodig@-@renayaddiesy 2 Gisy brestbdistobstiatp Freitrie fielf§1% hE! '€l ect or may

be a Cor%ase tagcf‘@lgapll. %fc%{lzl s€, tﬁé:s?z%s o'fmgfe@cﬂ m'a t;%l\ll;llem d(c}nhtg cnlge P e two

out puts on a second input. For exanp e, e sel ectors may be
nultip|em@%SA®mdM@Wabemwhmbmﬁﬂﬁ@ﬁ&m%hmsﬂbmsmemheﬂMMBﬂwywhheuhm@&ﬂS to tag
array 300 may include portions of a CPU address portions of a

secoﬁh dﬁﬁﬁﬁ??ﬁ@egﬁﬁﬁﬁﬁsahﬁﬁégﬁmvﬁﬁfemﬁﬁﬂﬁw“ﬁﬁﬁ“ m@%%@ﬁd“& Wit i ng engi ne

cache enghl & b8 8 2ifich A9 ht BroiaSh USSRE RIS » RAIhinONS 1REx hihe, AYdr esses are
i nput to respective selectors, and the second

index the cache line.

The way subdivided cache airay 220 and the set subdivided cache artay 230 shown in FIG. 2
1epresent cache ailays as thcy may be subdivided according to two different embodiments of the present

25 invention, Anmay 220 and aray 230 may be any airay of a cache such as cache 130 of FIG. 1 (e.g., a set

auay. tag array, LRU anay. etc.). In one embodiment, the LRU aiay keeps tiack of the least (ecently used
set in each subdivision, In FIG. 2, the cache anays 220 and 230 each have, for example, 1024 sets and 8
ways. Of course, other arrangements may be used

According to one embodiment, the airays in the cache are divided accoiding to way subdivision.

30 This embodiment 15 illustrated by way subdivided cache aray 220. In this embodiment, when 1n shared
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| S conputing engine cache enable fine 327 is used to sel ect between these
inputs. In the enbodi nent shown in PIG 3, the CPU corresponds to the first
conputi ngoengime of FIG 1. In another enbodi ment, a difpPeresil/oerzputing
engi ne may be used instead of a CPU The CPU address may be input into
conponents of tag array 300 as CPU address[14:5] 311, which represents bits
14v of the CPU address, and CPU address[31:15] 312, which represents bits
31: 15 of "THe TPYRHIE BeEe My el lesies LRI BSOS VI nAEheY. FEexmplaBrEY in t he
for m of [%@J]Vl%daﬂ%qrﬁm@&)% L%erenme sﬁJdG\‘sanﬂa Lrﬂl atsJa!m% c%&ﬁv engﬁ u@cgﬁis%ness[ 14: 5]
311 corresponds to the sef poi Iron of the nemor y addréss (r.e., set 212)
and CPU a?déirlesgﬁl@qdmldﬁi i3 Eenpoigwr »wgesplbcrrd%on@@ ey eontamyays O15t andaseohd t he menor y
address (i econd co i.ng engi ne address
rnay be |Cﬁm'ﬁ'%"!'% %“% S%%(])d"?s 'h?ﬁi"%’ °8’fm"¥‘5ds ar ray*sbehg =g ”tcbg'ﬁgonéﬁ’g?ﬁgf Phg engi ne
add!' ess| l@ﬁd5]\cc3naﬂqg to\(‘msl e‘ﬁ‘n'BodfmeﬁNl@n&ﬁ%l%d R Sl]cjﬁf]st BmPind HEneILCAUNEERRRUL | Ng
engi ne addr ess, and second conputing engine address[3l :15] 25 322, which
r epr esent's thb\\ ftb’s inBigst cpmpifting hginesehdiginian Vot sergndepgivivg eegifd has gslvsihe second
conmputin e.addr g , e formof nenory address 210 of
FIG 2. ?an B%Shl ' Smsecos“g(éoc'} %m‘tec? 18 "usbb“HS"’“e%’g. ne address[ 14:5] 321
corresponds t octdtimgSedotp:0embbduadit. @E artajden Ad ke sisidado FRaeRuEDARHEL | Ng engi ne
addr ess [31:1 ~] 322 corresponds to the tagI @Qrti on of the address. The
inputs to s EPedimst ‘53‘2@‘35?@ seipiydiyag sachspAQ I Bis gmbodipent sdEdhdatdonput i ng
engl nﬁ) a%d@%g%‘; 304 %Qm?@% ‘be JwédaJllhgltylOP&an%athgﬂcﬁ:ei %CE‘&”:A&%%? th r a the set
poi Lions of EP second conputing engine s
PCT/ USOl/aH%m badddeesmeasﬁxs?meptmngepyruesrmkhvsnerh B brdn sB@B canputapenginp ut to r ow
decoder BSbécli Th e4 nput s igo selectors 371 %Qd 37,)2 are CPU address[31 15J 312
and secorf®¥Bipetti H’d” PG A JaidrRdiesient 5 Pdimsen 233ppysontangs - Hhdr e
sel ect or 32R1 BhuihdBeiteAGdPBibn 121 QRS ofdin stib &5 GhAY), @Mu@eﬁ@me@s@m%hsﬂg engi ne
addresses. The outputs of selectors 371 and 372 are inputs to conpar itors
366 and 367 alsrtesgyséchdeudhgio this pmbgdifiert whdérshariiyodi mmttcontpﬁ@gplmpm%to sel ect or
5 325 Jay be. the anather sel ector tha | ect s, between
mul ti bﬁn’g eécgu%a%ci:eﬁsqoﬁpselshng'fslst cmﬂglutm en%mecfu 1v1sion ”3? 'm& the second CBrapu? gciné,dqepag an ay
shown i n ekdifsive &cdﬁﬁytl)eﬂerrﬁ'&ﬁnd&&nﬁumo|e1@WSsubdhﬂsnbﬂﬁti’l shat ed node and non-shat
ed node, the CPU sends an addr ess to the cache, and the set portion of the
addr ess (CPUThaivey of theysglseiivigors ispablp, as ig layielativasige oply wieseeiglitsions 3 S 1 to 3
S The [ 00 HSSRAR! e Bl BGkoliers GBhe s 2 BPRANG] cofidhifShstuclbaVYR0- 5, causing
the tags store hese locations to I nput to conparators 360-365
respect i wal ye la i thihige tag! qgmlvutung@ngu@fsubthhemﬁﬁu Iadﬁiﬂhee@@oc(u@m}vladdmwess [3 1 ~
15] 3:}02) t]ha% twac')lcgngpultlrfl%lﬁlgtlneg s?alet?e@&e thac'tc'g eaﬁay?%\' 391wdednfto mult%le way subdivisions

or multiple set subdivisions. For example, in a way subdivided embodiment in which a cache is shared by a

CPU, giaphics engine, and digital signal processor, the ways 0-3 may be allocated to the CPU, ways 4-5 may

be allocated to the graphics engine, and ways 6-7 may be allocated to the digital signal processor. In a

further embodiment, the cache may be divided using a combination of both set subdivision and way

25 subdivision. For example, the second computing engine may be allocated ways 6-7 of sets 512-1023.
FIG. 3 is a partial block diagtam of a cache tag awray configured for dynamic way subdivision

according to an embodiment of the present invention. Tag array 300 contains a plurality of ways (way0 340

to way 7 347). In this embodiment, way0 10 way5 may represent the fiist computing engine only

subdivision (shown as 133, 138 of FIG 1 and 223 of FIG. 2}. Way6 and way7 may represent the shaied

30 subdivision (shown as 134, 139 of FIG. 1 and 224 of FIG. 2).
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of these the tags read out of any of the ways matches the tag portion of
the CPU addr ess, then a hit for that way has been detected and the

respect iweneenpai ator for the matching way nay out put adrdsostgwnal . | n
non- shared node, the CPU has exclusive access to all of the ways in tag
array 300, including way6 and way7. The sel ector 325, selector 371, and
selector 372 will each r eceive a non-shared node val ue 15 from second
conmput i ng engf SRR oPPiie’ s 3p7elsiHeHy ORPIERE PHEHY SHaPRHiosgBPaatius,

sel ect or 36%205%%54 eﬁcg‘t"&) tEQﬁl o?tﬁé& \p19sl.’aqe! aqndc&)lfntota Ql@xalg}YM &Qg{d%ﬁﬁo&a@ﬁwmﬁﬂg& ESS[ 14. 9]
311) and inputs this set designation into row decoder 384. This row decoder
sel ects ﬁ@eMQQMtwﬁmpnmumngssBm&3ﬁa1may®w®eamdnmme¢@m&wmge@he%¢ags stored at
these locations to be input to conparators 366 and 367, respectively.

Sel ect or "3 OLRE™ SIBE 51 373V @éf%@["O?‘Hﬁh't“éé’“spgl’et“i "B §PBhe CPU

addr €§s (n@ﬁéavcdaﬂﬁiga@lﬁﬁu Lf?'!\;l\ys s@]e '1301\.2c)ec0@@dEa|cln|Q\Utn elicn W8y nY:@tcHﬁmtaQag QlQma@r ators 366
and 367, 20 r espectively. If the tags r- ead out of way6 or way? matches
the fag amhthdmwb® Ehbmﬂﬁﬁb@dGWégwm1ﬂh@wﬂa%hi@“?thWﬁE¥MWHVBWasabeen

gle: eg;[ gga?ﬁg Wum%en 0?\R§I‘§]ag‘.1¥] !o\éseangdxe) s?(){eﬁhf%entmze tdgs hlea 111{ 9(}(] alscgcoways a%agpg;g:]bs?ve
access t goswaylct@n, may #lecd DE. SRkaeitis lﬁa&anmlnammrmpwd of sea:aﬁlo sel ector 372
wi |l each receive a shared node value fi om second conputing engi ne enabl e

| i ne 327 bRkehmilip ipRets At @ tird eyt amdpyuttingdie gyt épfeciab dn asthcpenbgdingie set

portl n se t entc Vi NpUt ar ne S I ng engl ne
e s L b e L S
Thi s rommd@ﬂoﬂmrnge@emi&ehhamem@mesmmﬂﬂmmgnsem$nmnsmayG and way7, causing

the tags stored at these | ocations to be input to ar ator s 366 and

367, r espect 'V §Porret B $78 AR OGEP EH GO 872 Mﬁf? agiigpsdtt e tag
portion ?& tidh & 2 SEGRRSh HRERghE NG SR, L), AR L HRGHONFinC QMR bIOG . €NGi Ne
address [31:15] 322) and input this val'ue to conparator s 366 and 367,
respect|V€IyswH$w$h@m®agshmeﬁdweﬁmﬂxﬁmwww%w@Wﬂ%ﬂymw@@anh@@%@githe t ag
portion of the second c ing ne adds ess,  then a hit for that way
has beencﬁéwméﬁg&e@dweﬁﬁgpﬁé‘BQSTQ &?? PS9ES and the respective
conpat at or fomu&hﬁmﬂﬁﬁﬁammngHyznﬁyp@uham&mﬁohtmmsmgmﬁgmthammim shar ed
node, the outputs of the conpar ator s for the non-shat ed ways as a used
t o det er Infingiiesr enbabrrohit diffpent gempugiag engipfdnay Pt es: G- TéPEsHFE ¥ oi s f or
the shargd, Ways ol neggggﬁm SRLEE auﬁesglﬁﬁgmﬁmﬁpegpgextg g1 £NGIpspi t1 m ss.

FIG 4 is a parti di agr am of cache data ar ray configured for
dynam c wayﬁ&ubdpwmﬂmgnlﬁ]aaommdwngmm0maw1enhmanBmanﬁmﬂW§apr@sent

invention. Data arra 400 of FIG accessed way t hat
was 81 efPel ST B I’QF?%{WW%FS éP S% M ﬁasﬁ’r&pﬁé@i %‘3 %ﬂ?l n FIG 4
t he dat a citedpiMis #OR & Wto@bfﬁlﬁ: n@m&l' waRds (ke se0f 12)Wa S UNdresaqy Qs 4ot @pondy ? 447) ,
which are interleaved. In this enbodinent, ways O to 5 may represent the

first coﬁphﬂmmgnenﬁ%nem@nwyﬂ§ubﬂﬂﬂﬂ§odﬂnmﬁhGWﬁHwéﬂemw@gqlwﬁyﬁ@present t he
shared subdi vi si.on di_vi 3§19ﬁggallty of rows

may

and is assocf%?“"ow”?%mMOPm%QM}8@% m&m ?4§fmmg%gﬁﬁyﬁgna "W th row

sel ect or $ep14§»1ls bithMeT ofdhe Badynd hﬁ}ptltﬁ@é’ngl@%ﬁd@h @nd sdcOiddonipudigSnging acdaeh 1 way. Eac h row
in each way may contain a cache line which my be, for exanple, 32 bytes in
| engt?. %7 votis essens R 3 Btohhageroad coppina fager sd gt fFErarftconRIitsere™St ways and
rows and adiBYs o E ALSe h %f(gr;l gfn@c%%ly%&d?e@s 7@@&‘9% & IihVais ca'@gegﬂn@go'f]l@a}ﬁng &99‘: al so
contains a se ector d a way sel ector 461, and a way sel ector 4b2. The

i nput st eddetad 1a:5p321 ayrehB0s tray sel mcibud ér adifve agistcoploprtpvoysneok agicEPULAddr ess
(411 ), the set portion of 1? second conputing engi ne address (421), a
second céﬁﬁ&Uﬁﬁ“@ﬁﬁWﬁ@p85wﬁét%ﬂ&ﬁ?e line 427, a way sel ect 460, and a way
sel ector d6l Mg u\%t‘é R s&éct@ 323are CHU a@&n&lﬁh :@@h(}qa a|nd c$m§lhﬁg eagﬂra&ﬁess[lftlgﬂ a

di fferent conputing engine may be used instead of the CPU address. In the
enbodiomeAt!. Fhoire iipats Bls@etoPB25 1 hide sgigp tigys pithedRY apsifsccprigonpyineawdies and t he
enable lines may all be inputs to selector 425, and this selector may feed
its output to ways 6 and 7. In additison, the set portion of the CPU address
(~I'l 1) may be input to ways O to 5. The way outputs 20 455 of ways O to 7
way may be electr really coupled to a way selector 461. In addition, the
way outputs for ways 6 and 7 may be output to a way sel ector 462. The
enbodi mrent of a way subdivided data array shov.~n in FIG 4 nay operate as
follows. In both shay ed node and non-shay ed node, the CPU sends an addr
ess to the cache, and the set poi ti on of the addr ess (CPU addr ess |
14:5) 411) is sent to row decoder s 481 to 4S3. In shay d node, the r ow
decoders select the 25 corresponding sets in ways 0-5, causing the data
stored at these Iocatlons to be |nput to way selector 4Gﬂ _I'n non-shared

. AN — s



10 ~'1~"0 0212y-47 PCTI USO / 29G02 mat chi ng way that was earlier chosen by
the tag array (e.g., tag array 300) is a selector input to way sel ector
461. Thuwso ot/psi8hared node, if there was a cache hit rn tperige/B6or ay, the
cache line corresponding to the set address and the matching way will be
out put by way selector 461. This information may be sent to a CPU data
output buffer. Wen in shared node, the second conputing engi ne has

exclu5|vém%?8é§§e?8mW§?§“83aﬁﬂm7mmﬁ%@W§@W§b?6ﬂ“ﬂ@wﬁm*#“%%ﬂé@@éna shar ed
Tode Thus Leraks o7 a0 1S ALk e e R Al e I B g
u [ ut i

engi ne addfeshe fsecond! bathhund sagnengputies cagiebraéissded Fhdutpd 2 peleasad 31INput s t hi s
set desi%ggg hon. into romzd%%g E%7484 TPIS QOM/decoder sel ects the

coi i espontfni UL PSP P RALPE B0 77O PERGET 1 IR CRAHRS [ R iosEBied at t hese
| ﬁC at 50n537f ﬂﬂy%gaggﬂﬁmgioth& Qeléé@%ha?i@sl:leﬁte@l{ befhBd mifAfle 55%18& ¢ Dgnday |t ha: was .
chosen earlier by e tag array (e.g ag ar ray iS a selector inpu
to way SeleCtTHB?mMWhmgfﬂVﬂs@W&?ﬂééaWﬁd@““WﬁKih@NWGWWHSﬁémwabﬁﬁmhlt in the
f’fg.thﬁr nrgaKa,le\(/jay GV?/Ig no|n 5 fuIEId moede CEl rCP% sen an '1 @eéz?cslﬁérgﬁggeh%gtgn ffstlgraﬁ;gc[csisi E)Eemay be
E ent to acﬂﬁid&e@{ﬂgﬁ}m l)bd.kf:rft er.ma;]dacrog&M1 s»es:prr]mle n&@déEﬂidErtj siﬂ@clt @egh Bgenahndependent
usses may be used to route the data to the individual conputing engines.

| 5 Thus, Sé&%dﬁﬁpﬁgnwﬁgﬁﬁm%ﬁﬂﬁﬁﬁﬁﬁﬁPﬁﬁﬁﬁPbﬁ§@émW@Vm§deW@ﬁ£E%W“Wghe %PU has
cxcl U VO PEFER HOLWR ARTCARIZOF 119 00 A 300 A o B iy
node. Incﬂhwsmembodﬂmembmmﬁhewsem@métﬁmmpuﬁmm@meﬁ@mmﬁwhaSHQm&hmalve access
S for SHA BAMTRREIH PrRe-ERsuTTEYy B SAG Uty SEEhe st ed.
subdi vi si ons. jglby. shm\é@1&g/ﬂ%§P@h11fZ\cB@aH§Q Maﬁ@@@%a;@iﬂh@g aﬁ%ﬁo@%cll (ﬁr?g,d froma
shared cache when the cache receives a node sel ection val te signifying that
t he cachewwgmdwwéhﬁtﬁ#dmﬁﬁd@kdwé&QWVe@maﬂﬁivmswhaddpes@ﬁMgdmakuemat a fu st
2g%g§2nltho ]é(écgll CO[TFIPlang [531] ge Fné]é(!e’lhn\elg'{% \xhendn &9]‘%{1 g](s-i_:ut%(:'l lgn c. V’lq] 5 SClCC 3% S% ;30:;82[{ Sel eCt or
adgrfﬁ5|ggﬁmahuamgayuhﬁgu$ﬁdmm?ﬁudgm?UEMyﬂmﬁmﬁﬁiﬁ@gmmﬂnﬁn&a&ﬁﬂgdgta ar{ﬁy,
an e data may be read fromthe ocation a may be i ea anot her
conput|nd&bﬂbFWédﬁPﬁﬁWﬁﬁﬁ%ﬁ@#“@&B@ﬁﬁPéP@ﬁgWH7FH@m656ﬁ%“mﬁh$$%Fs cgst t he
cache, KR BRSL K PRI AU, £35! DA, U2l 9, PRRO B £33, DU,
addreSS|mgpma&memeemdmmweambdﬁua[ﬂnapumamhamsmtﬁmdmb@@ﬁhm@nﬁammﬂitaneousfy
with said reading data fromthe first |location In another case, the cache
may st t CHPPHEY ‘ﬂ‘dﬂﬁta@hﬁ? BT HBYE" W ARt i SRBURUAG T sk P Hdiidy r ead
]giat at lTﬁ Mat 16 Hé@&ﬁ aiRE@dnb A c;paa\tecigrmﬁlalﬁ)ﬁi@?ﬁtdnaaegngic\@lm%tdu@gfa@ng‘lngltehr teafl hdat a

rom e cache may receive a node sel ection value signifyin a e
cache is not “ﬁﬂshéveédﬂnﬁdgamﬁemewmewams@eﬁﬁ@“adﬂﬁésg%ﬁgﬁvaﬁhémat a second
20ds £5° e B0, 581 GPL NS RER0AG PO RTSLAGNAINE B ML 15U
t he cac hengnﬁ ciRBIE lideN2BMhal xeﬂie gmetanodd ' Thes, ﬁa@hezsrmgetsthh&npouseomheec&ﬂcond

dd I t dent i f d f t | t t he | t to b

T Bt b e L5 0 PRl oG Eevah coce may
ot g e B I R S O PRy e ke 1% fur ther
enbodi mentbred 4t ihese taagioitd be @yut QAR sdétaad P, 1es@ytivety. (Oleammy7icontieda3addi t i onal
subdi vi signs for one or nore additional conp ut|n ines. In this fur then
enbodi nent!! scl5pthageipa op Ate sy cyPULa FEKE 6drd‘§55 (foord “%’8}%?%1{5 ity itb
52 201 1 79Zud b AN gk TRkc UR EORIAUE T, £80L40 G989 0, of e
addi tioonalatcizethe iof pogph eftitesrcend prryputing erging sldigs, then plitfer tpheey CPEEcadRteteess pot
lions, thn~d conputing engine pot lions, and a third conputing engine
enabl e signal. In an enbodi nent, the %cache indexes information within the

i ndi vidual cache lines. FIG 5 rs a par tial block diagramof a cache tag
ar ray 500 configured for dynam c set subdivision actor ding to an

enbodi ment of the present invention. The tag air ay may be divided into two
banks which 25 each contains half the sets and all eight ways. In this
enbodi nent, the cache has 1024 sets, and the cache may be shared in equally
subdi visions by a first conputing engine and a second conputing engine. In
ot her enbodi nents, the cache may contain a different nunber of banks, sets
or ways, and the relative size of the subdivisions may be varied. 12



WO 02/ 2s-!-t7 PCT/USOL/ 2902 Tag array 500 may have a first bank 510 that
contains sets 512 to 1023, and a second bank 520 that contains sets 0 to
511. Thaevbioesissbank 510 may represent the Frst computi ngpengismeoemn y
subdi vi sion (shown as 133, 13S of FIG 1 and 23d of FIG 2) and the second
bank 520 may represent the shared subdivision (shown as 134, 139 of FIG 1
and 234 of FIG 2) In this enbodi ment, first engi ne address 512 nmay
contai n 54 UBEFRETIEHEOBP AR RENOPAPIABYT SEE YR GV dad” feet mdaiedede sy the fir st
conmput i NYo@NGbik codilios &F AR SNGH R8s AdEEd 1§85 Rk dFBYi GORL3hMnou@l hon of a
menor y adch ess provided to the cache by the second conputing engi ne. For
exanpl e, ﬁﬂwgwm@ngwﬁ@maﬁﬁwb@§asr@dﬁHmemﬂeawmd@hemmagwpﬁwmm@n and set

aar ess 522 iy Some S AP P s S ety BEShvony sP AR second
conput i ngacaﬂgllal’ﬂ(ecm$ml§mmﬁ& of}{h@d&’htlﬁ.&ﬁlon |Dﬁﬁenaf) lefOS)tFIGnlgha@Be a@@@@cﬂﬁ%sn@lz and
second engi ne 10 address 522 may be split into set and tag portions wthin
fast bank™51% ghis SEEBREN Gk IO B - udelaas e 5 edsd e fajd 1y 408f er ence to
FIG 3. T I 55 ctor 552.
The |nput§g?%! lTa fgggggﬁxﬁﬁy§%g5F.&gﬁggﬁgﬁﬁg§§d Vg§?%%§§waﬁaségcond
engi ne adsingsg &d2je BncdmpeicDngnengisieviemabl €,524.7 maplgetdhe bald My provi de

its output to second bank 520 Selector 552 may receive as inputs second

enabl e 52% %ﬁﬁmtﬁ@“HUFﬁd@ST5m6¢”§$bﬁﬂﬂm%aﬁRW§2US“@@W@EF%F' cofggy have
first \@ngise8o BUS MWkitady seRMSs BECARL SN DRk R R2 1 A8 waH ERMLSy hn this
enbodi nent, the fir st conputing engi ne has exclu5|ve control of the to st
bank 510 @degamwheSSHDﬁmmhewh@ﬁmwheﬁca@h@eB%Wknnm&ﬁayﬁedmemwn@nm&hay ed

node. Thus, the f in e my SS 512-1023
by provi d’u“?ig?a‘ﬁﬁ"%&l&ﬂ’ %“é‘@“& n"4i¥s °““ﬁ ’?Yé“"a%d&?rg%%S‘%f“fma/lﬂ%@ééw‘?%% an out put
20 on fir&haigGhiae: 28l seldd 461MmlERayR@ectol H2.5hared node, the first
conputing engi ne al so has exclusive access to second bank 520. In this
nmode, the secdﬁdm@ﬁ§¢%@méﬁé%ﬁﬁwBﬂwhﬁé§ﬂamﬁwhﬁsﬁéwé@wv&HUéMBWMH@mﬂéelector
géllect or O'gstﬁ%un} compu mgfclmlz’meﬁgdle?ﬂg)lggiecoagcomf) !ﬁ%(gégecf%c‘be enm?eélﬂbﬁgn \Ta?, sae[‘éc%g 2ﬁ8|’ ngnd
out put 5L%0aMhﬁﬂykﬂd&h&f@deﬂﬂeg mhmmsﬁmmmdmnmmmu$ﬂmgdem@mm@mhm@ excl usi ve
access to second bank 520. In this node, the second e glne enabl e 524 has a
shar ed vdWﬁ@”mWHﬁ§““?§“§%W%@FHFm?if“Wﬁ?“%ﬂP%U*mWHéqgéc gt Rerigs Alcaddr ess
522 to t h’%dl%&@&?ﬁq’heg%glk]ll‘églg’l} aﬁ'gbqnpﬁlglo%gécgr 425%1?([ tMleoQJ} QM)I [ge% 1t§ g'ﬁ)ugy@\ yt of
second bank 520 to second éngi ne output 527. The first engine output S 17
and secon@weﬂgnm@mmumpunmﬁ@ﬂfnayP@@Mwss@Omd>MGWNMBWGaUaJpabhmkiGMand dat a
path 123 shown rray 500 a y sel ector coupled to
Phe 1 71 st ana udlonir wagab el SRaRa parRcu i Lottredess thullnca | nut
of secondyRagnkd 226 & elipusieh @6iskiRg: H2data i nput to that bank. This sel ector
may operate in a manner simlar to 30 selector 551. This may require

addi tional |/ Qhberpeéyent of way s\WGvggydpig anay shp@Tin ISCLNQ 9GO 2 felleirs: Bribibdi nent

t hat uses_ se simlar to
t he cacheh?g%m%??g"msgmgw Cq§&§%ﬁ3m¥8ﬂﬁ eggg(mm?éPQ%ﬁggggﬁggh?ﬁg?ﬁe fiiist
conmput i NgCengidre [0 ¥ 15td oo 8deaide s 438 GREY én hiliemeethcatidie@sss Liedtthit he fu st

conputing engi ne. 4Vhen m non-shared node, the row decodes s for the banks
in the sh@rEePduaser 1iver 81 arsehs BRaPye fir gt BIERES “PhiEletnds Lt

conput i NG, £RQIMGodel i HER LB WRNAERD noh-TRAG0dd AR FAVLRLOHRES, &gt the banks
in the shay ed subdivision receive the set adds ess for the second
conputlngm@ﬂﬂmn@?amha%mamaeaUMputgwanmOHMpuwgnMOWHMH@Lbdmmg“mﬁﬁabb
configured simla

Furt he b t
subd|V|dedl?ﬁ?ﬁm%ﬁkﬁé4gﬁaﬁ Hﬁg%ﬁﬁm?S (%@é%hﬁ%CH{%? éﬁfﬁﬁlﬁ?%'ﬁﬁﬁﬁglnes I'n

enmbodi rrenlhése@cfesnén@t%nm&ﬁ& c&kb@ghyéﬂ dﬁgloﬁa&&@hselEcﬂ%eH@@iporfdlng&lsflﬂ L8 'm@i?t of the
set adds ess is not used to i identify a set mthe a~ i ays. For exanple,

i f the argeesis agdatalsPRBatdhete docatigidp be gutdetay fstseton4plond v sYqser wadihess uses 10
bits 5to 14 (as shown in FIG 2), then the cache may use onl~~ bits ~ to
13 to identify a set. In this case, tile second conputing engi ne only has
access to sets 0 to ~I 1; and thus the 9 bit set address uniquely
identifies ' one of those sets. In non-shared node, howcvei, the 9 bit set
address may identify two different sets in the away. In this enbodi nent,
the nost significant bit (e.g., bit 14) may be saved in the tag array and
used as part of the tag when identifying a way 1~ FIG 6 is a flow chat t
that shows a nethod of cache shay ing according to an enbodi nent of the
present invention. The cache nay be shared by a fist conputing engine and
second computing engi ne such as those shown in FIG 1. According to this
enbodi nment, the first conputing engine may access a |ocation the cache

VaAY. Y. EY res M " '



WO 02/ 2s. ~~7 PCT/USQOL/29Q02 FIG 7 is a par fiat block diagr amof a
conputer system 700 having a cache that is dynamcally configured for

si mul t apagpumsaccess by a CPU, graphics processor, and dimitesoigb@nal
processor according to an enbodi nent of the present invention. System 700
includes a CPU 710 that is coupled to a bus controller 720. 'the bus conti
of lei is coupled to a cache 730 and a system nenor y 740. A gi aphics

pr ocessoMaPBE VahiS At GiopaPy 8t givary §F- treudseD sreteell mat e yupFERP to the
cache 73Q61 Lrﬂns%ig.k ch nQorc]e lttlhblgwgslac?cpé.'lnt%?thfggﬂangeﬁé&ghe71%901%5]911(1@1@9)”&%& signal pr
ocessor 760 ar a coupled to system menor . The gr "aphics pi ocessor
750 may wmwpumﬂhmhemmew@umemammwMbum@wdmheldmbmmm@amgwymﬁﬁﬁwacahd the depth
(z) for raphi cs application. The digital signal processor 760 may
process g?t ‘?“fpg i*"&'gnal's. CPU 710, gr aphics pi ocessor 750, and digital
signak pr 0ces&Qinhf&: fdddde SRRAY comhp@AE DSBS VOGcAQo GYheur 6. llbdi vi sion as
descr ibed above. In this enbodi nent, an L2 only graphics cache is not
needed. b%%anﬂewﬂmﬁwwénwwdWh@wévéwmﬁﬁémﬁﬂﬁém%@@@h@ﬁ@éde(@“gmnn@me of the g
?Egll:]etshgg@g?c e I S]Uf ?ellectﬁj 4t):9561§3{?satne setgfrg?ﬁo?‘rgprrs%\iogcrc?ﬂﬁt glsen Slnegydlcn% aa ?rgntcacglel)
three Comkﬁjﬂu@@ngﬂlﬁ@dféﬁﬁti.kﬂayﬁqriﬂllllfpflteﬂus@dmemgr@ﬁﬂhftblbwdfeEcﬁelﬁ@ﬂ'. heis fo@ the system
rnemoi y. In a fur then enbodinent, differ ent flush paths are used For

al | threéﬁﬁﬁﬁﬁﬁﬁﬂﬁgméﬁQWHééd“Wﬁ%@6@ﬁﬁﬁﬂ@#ﬁﬁ%m%W@Fﬁ@“éGNF@ﬂFW@ﬁ”%Wlch could

15 Ot er nputtowva cicrlol i e Natcnin ul C IC arr r at the
sane Plﬁgpéfqrggq sz ﬁm%919%ﬁﬂéﬁ%gﬁhﬁﬂgsﬂﬁ§mﬂ tﬁqp%?% % gﬁﬁﬂlnventlon

r elates a%ﬁ(D:ctﬂﬁﬁdﬂOdSayaﬂdt @PPANAL s cfl opdecatbdevas hiath mginwhhghraglurap@he t

si mul t aneous accesses by nultlyle conp utin ines directly to a cache
array. BECHISEOATE HYIS taﬁf’éﬁ“t“é%l TRET e ﬁ"ﬁ;)“‘b% OH%“gH’ vy beecipfes A i nvent i on
does not \fi&AMbl Ray P RNIEStath QurfulRirrd €53 ki@ e Rl cdrPRiInEAGRE nagkddsnt 1idQs FybOdi nent s
of the pr esent invention provides a direct approach to cache shay ing in
t hat OnebQWﬂHBW@e@@WBUﬂWﬂgm’ drmeestinge@ingbl e t o access the cache dnectly
\E;.MCE hggt \9/:3: ntg”l[:l;Pragugm 1egm§‘%d %Ql tl?aH.lslsﬁ('{\qu/]sugcRgtlsllfalthegg{éEfglexciuslve chess?j)f f ]E g(l?e(r:]tacll‘]ﬁ

si ze dep@@ﬂi'aﬂg\'a‘)"p@ﬂletagﬂla§mrdi1cn@ d@temfayg:larwaftnm@rhpnedecommﬁgrudg Agnd 0 an

enbodi nent ofthe present invention, the cache subdivisions are transparent
to the cempatiicrigoepgheaods dn tinembsdime fe seadepiispengayhbacisipasent ed as a
way subdi vj ded $ i | r. The set
subd|V|dedhﬂﬂmwgﬁgﬁggmﬁgﬁﬂhOngggﬁ%%% %ngLegg%Q fgggﬁhggﬁg%ﬂgaélze and
timng |ﬂ@a@memn&gmﬁn&amhﬂamﬁpheﬁEntat|ons Usi ng set subdivision al so has
a different effect on wayassociatrvrty. |Vhen using set subdivision, in a
n-way associ ative cache, the default for all shared request types is n-way
set associativity. Wen using way subdivision, by default, an n-way set
associ ative cache 30 splits all n-ways anong all shared request types. In
an enbodi mrent, the data, tag and state arrays need a 15 WO 02/ 25. 17

PCTI USOL/ 29G02 nrnrnnrm of n row decoders and n 1/O s to enable
n-sinnrltaneous cache accesses. This is also the case for a set subdivided
LRU array. For a way subdivided cache array, however, if any of the request
types is direct mapped, no LRU nechanismis needed for such way in shared
node. Several enbodinents of the present invention are specifically
illustrated and/ or described herein. 5 1-lowever, it will be appreciated
that nodifications and variations of the present invention are covered by

t he above teachings and within the pw view of the appended clains w thout
departing fiomthe spirit and i ntended scope of the invention For exanple,
any nunber of conputing engi nes may share the cache, and the cache nay have
any configuration (e g., banks; ways, sets and lines). As another exanple,
al t hough enbodi nents di scussed above use the second conputing engi ne enable
Irne to enabl e./di sabl e shared node. 10 in other enbodi nents other inputs
to the cache may be used In one such enbodi nent, the second conputing
engi ne sends a signal to first computti ng engi ne whenever the second
conputing engine wants to share the cache (or no | onger needs to shay a the
cache), and the first conputing engine asserts/deasserts the first
conmputing engine enable line to activate/deactivatc shared node. Further
whi l e the enbodi nents di scl osed above discuss reading fromthe dynamcally
shared cache) the same nechani snms may be used to 15 control u~uiting from
the dynam cally shared cache As anot her exanple, the steps in the nethod
may be



varied as appr opr fate. Further , there may be additional connections

bet ween the cache and the conputing engines (e.g., control lines). 16 e
U2/ 26- dwbh2hsGhAI M PCT/ US01/ 29G:t 12 (. A cache, conpri sipag/@sol/2902ay t hat

has single posted cells and is sinultaneously accessible by multiple
conputing engines. S 2. The cache of claim1l, wherein one of the conputing
engi nes may be dynamcally allocated a plurality of ways in the cache

ariay. 3. TheDﬁ%mﬁée6%”@W3FWW1““WH@P”@WF@%ew@$a@h@S@@W@NﬂWﬂgméhgines may be
dynanica“l kocated % g X , in the cache ai ~ ay ~4 The
cache of "8 §> S MRS B 'f%%“é e Fﬂﬁyﬁﬂﬁﬁa@ﬁﬁﬁﬁ§“wﬁEﬁ%?@?ﬁﬁ%%“mhether
the CaCtholle”?stgeh&ghﬁhs@ge%gonngpmékt blas% %Srglﬂ{)%ewera%o& ectlon valu cache of clam

Th 1Tt
1, wherein the cac I rect y acc si mul” aneou§1 % mul tiple

CONMPUL i NGddRRGs RBE-maPbe vbbd GAGHBY 2 BATRSH 4 FdnBGhia aRayl ABthdata By lsen&ah 145141 fg a tiist
address input, a second address input, and a shared node input; 20 a data

au ay Sel ecition. Galalngy eowupbyedoticocothieing @gincfromayoti@arabdivihiol it the bighea Irfthis St addr ess
input, a second address input, and a shared node input. 7. The cache of
cl ai m 6, AhdE ek ntanscdva gseemd %f‘f}w%sm tohie pt 2 peae! erdiess inpy. fentifis seendl leetior

el echi cal | upled tg the t 1 address input, the second address input
and the étm“:% %@aH%&%”"WﬁﬁPwaiﬁ?ﬁ@eﬂ“ﬁﬂ@”@ﬁ@%??ﬁ%%TTV“E%HﬁIed to the tlrst

sel ect or Slmg'llaﬁe%ﬁ:sgnqth‘?aﬁj @a&t‘lp&m 1@&;{%% tﬁ@clatlo){ i BL e, 'Ehgcagln%l ;éwltch 1atddr ess | nput,
t he second addreéss |nput e ared |npu npar at or

el ectri caddyariHepd, 0d 1k elsttclsnﬁspusrl@aﬁga@ 1Mﬁyadaﬁl§ih&nhﬁ: s&ﬂﬂ&ﬁl@n ﬁﬁltu%@écsm conponent .
30 17 WO 02/ 2s-4~7 PCT/ USQOL/ 29@2 8. The cache of claim7, wherein the

firstl0addmes&g prpetead dig frond €de actk impsieceadadn@s slegiet valunpant!lyianiht f¢ eagk isaddr ess

tag input, the f ~st selector is elects ically coupled to the first address
set i nput’Ot inghred @gepisepive a second addressing value at a second addiess input, and select the second

addiessing value at the first selector component based upon the mode selection value that signifies that the

cache is not in shared mode. The cache may then use the second addressing value to identity said fiist

location as the location to be 1ead, and may read data fiom the location to be read. This second case may
15 include flushing the cache after switching modes, and the first computing engine storing new data in the

location to be 1ead.

In a further embodiment, the tag ariay 300 and data attay 400 may contain additional subdivisions
for one or more additional computing engines. In this fuither embodiment, an additional set of selectors
(i.e., corresponding to selectors 325, 371 and 372) may be configuied to control aceess to othet ways, such

20 as [ot example way4 and way5 In this embodiment, the additional set of selectors may receive as inputs the

CPU addiess poitions, third computing engine portions, and a third computing engine enable signal, In an
embodiment, the cache indexes information within the individual cache lines.

FIG. 515 a paitial biock diagiam of a cache tag airay 500 configured for dynamic set subdivision
according to an embodiment of the present invention. The tag ariay may be divided into two banks which

each contams half the sets and all eight ways. In this embodiment. the cache has 1024 sets, and the cache

3]
w

may be shared in equally subdivisions by a first computing engine and a second computing engine. In othel
embodiments, the cache may contain a diffetent number of banks, sets or ways, and the relative size of the

subdivisions may be vaiied.



selector is electrically coupled to the first address tag input. S 9. The
cache of claimsS, wherein the first selector and second selector ai a

i nt egr aMyof/egsed as a single conponent. 10 The cache ofCrUsiimd2 wherein
the data au ay fur ther includes: a third selector electrically coupled to
the fn~st address input, second address input and the shared |0 node i nput,
a shared way electrically coupled to the thud sel ector; a way sel ector

el ects ical | y*eWapllustgretfe %@r%@%?waay“§3§HéP€H“%&Vu&ﬁBm JOthHe tag
array’s CQURALALdb 511l ﬂIfb‘%‘nk%@&r% IQTCSCGT.I tl@:'f‘m c@mpumﬁﬁe%nlg' g.]%(]l{;lg(gl (@[Nnay further
includes: 15 a f-st bank of sets elects ically coupled’to the fir st adds
€SS ui putas 18- @éb@@i@nwéreﬁfﬁiD@thy%@d@pLé@n@bwmhenﬁemgbdadu%ess i nput ,
second address d e bank of sets
electricaqP§"%6%b ”m?q‘H%gﬁéfg%5BE%HT?£“*ﬁé%n%8 Eeﬁémﬁlg?ﬁvTimmmhereln
the dat a Amitibn (ﬁymérhﬂ’)lahﬁéss £ OIS 0 thS B8he bE e R stlebnBluinb al3ke,@fd s&%ﬁc&n@the‘Ct rically
coupled to the first address input; a selector elech ically coupled to the
first addﬂ@@éﬁ?ﬁbﬂ@m“SE@dﬁﬁMadﬂ@mé§@W$ﬁ@ﬂ#dwéﬁdméﬁaﬂ@ﬂmwﬁd@mwhput and a

second baeﬂg';,n’l gm e\a%gle ﬁnsl %t(v:nlile adacess >1¥ mgoc%Ram tge tqgspoxtnon ad(?se! OlcElO ofthei]'3 A system
conpri si ng Atral > processin diput i ng engi ne; and a

cache thabmmﬁmﬁm@ekmmﬁayhyw@gupka&umgmhmamgﬁm&@@$m@ﬂmﬁa§ﬁmmgmwﬁut and the
second computi ng englne and that includes a plurality of cache nenory
| ocat i ons”OW LHE HFWd opEssiBres PRIOYAE S dbiribrt B8pdePshif 2 ergraw cidfen a” shar ed

mode § 9N@lest $2 LEARIN S #tha AL FESR! DInk ﬁt%ybaﬁmo acamtcrn@tanpgv@foﬁs@gsng 30 unit
when the shared nobde signhal iS not received. 18 25. e7

PCT/ USOL/ @9E@R2wildefedineo 8ist. em of cl ai m 13, whet em sai d second conmput i ng
engine is coupled tg said ca and wherein said shared

node signal i a?@@é@%@ﬁaBVmﬁgfﬁwgggﬁél%@?FmﬁéVdT@HEHFQSW?H€”1@”TB The

syst em ofg gk, @lng@dal ok 5 1’)fal’1ilrsgc|8§iren;§@ AREesd 551 BG s@orld @ngngenglgc{mmt Seﬁgm%ﬂlgﬁa e, and
wherein said cache fmthat includes a second plur ality of cache nenory

IocatlonsmMNP@Wmamkaua@@eﬁéﬂhﬁéwbyﬁ@M@w@hw¢ﬁmm@wpuwhm@wehgthﬂmmen a second

shared node signal, recej p acce e &g processi ng
uni t aheanﬁgdsék%ﬂd§§?m g Sioma’ sgkods%%%g@Qeﬂmm 6. The system

of cl ai mol@us whet em t he systen1|s par t of an integi ated circuit. 17 The
system of clam 13, wherein said second conputing engine is a graphics
engi ne. 18. “H@fﬁ%ﬂ“ﬁ?t@a@ﬁémﬁﬁaﬂeﬁﬁﬁhmfﬁ sigEtRe gl BoRPE*l 8%ng 1~ accessi ng

a locati qg];anldrﬁlssgf @tﬁpﬁm Ea(:]%rg ﬁash;]!eoroﬂaon%%rm}ﬁt)denﬁm§mghlgt%omp%%@céhm mrahe cache a

Si gnal assocl ate cache sha | ng; and
access any way of sets 312 1023 by providing an addiess on fiist engine address 512 and receiving an output

20 on first engine output 517. When not in shaired mode, the first computing engine also has exclusive access to
second bank 520. In this mode, the second engine enable 524 has a non-shared value. Thus, selector 511
may output the fisst engine addiess 512 to the second bank 520, and selector 527 may piovide the output of
second bank 520 to fitst engine output 517. When in shaied mode, the second computing engine has
exclusive access to second bank 520. In this mode, the second engine enable 524 has a shared value. Thus,

25 selector 511 may output the second engine addiess 522 to the second bank 520, and selector 527 may
provide the output of second bank 320 to second engine output 527. The fiist engine cutput 517 and second
engine output 527 may cottespond to the data path 113 and data path 123 shown in FIG. 1. Tag array 500
also may have a selector coupled to the first and second engine via a data path and coupled to the data input
of second bank 520 for selecting a data input to that bank. This selector may operate in a manney similar to

30  selector 551. This may 1equile additional I/O busses.



partitioning the cache into a first subdivision accessible exclusively by
the first conparing engine and a second subdi vi si on accessi bl e excl usively
by a segondregnputi ng engine. 20 19 The net hod of cl ai mptT®)sof/msvhen coner
ising flushing the second subdivision. 20. The nethod of claim 18, wherein
said location in the cache is par t of the second subdivision, and wherein
the method fur then conprises accessing said |ocation tn the cache fi our

t he second coHﬁﬁ?Wﬁ@mﬁggﬁéws?@mﬁwmmWh@dﬁéﬂﬁw@lﬁﬁbEWQWWWQSmMmhéﬁeln the fist
subdi vi si,QQ t , herein the
Second suba: R oL BUEE ks i bORNE o R R S 2N B 0L" e

net hod of ecgteaimse Bldrewtfie rhefint coygitifgengite. Yo vi-giredndds tha rdwl de@tiaggbureal ity of
sets in hg.C@ch ap 30 mherelF t he second subdivision is a second

pl ur al i t Y67 Deia o] sHoopiign gspatrave heget addpeps feylig Ssipgmputingsegine civagnyiy pogicy 23. A
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fist location ' 10 24. The method of claim 23, further conps ism-~
recei vi ndleHiDeer Gribe aitiar RSSHPRE: G 4F tey b 1033 sscohbty sadeltiwwsihy mees vse dent i fyi ng
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val ue; and ing data fiomthe secon ocation si t aneous y “With said
readi ng d@@lﬂccfnfp(nhfgbrheeiﬁlﬂ)&hs sk@Gate@nio 5 Uran@fhus thEkeit seeddhad uoduel¢ ldaiimes 23, furt her

conmposin rece|V|ng a node sel ection val ue S|gn|f§’ g that the cache is
not in s ﬁﬁéﬁ“ﬁﬁﬁem Pt NI W e oA SHGT e HgtihAruditagt sgs @d¢ond addr ess

i nput; S%hﬁ%ﬂuﬁ%&dﬂ%ﬁr&%ﬁb@l s@gmaﬁ%ﬁﬂemgblt\/la’ S bbvel ek tf!g LS ar?d%LeggsI or
conmponent sed upon the node selection value that signifies that the cache

i's not i prigfitipledivivodetiyP@awsi ng the second addressing value to identity
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present invention. The cache may be shared by a fiist computing engine and second computing engine such
as those shown in FIG. 1. Accoiding to this embadiment, the first computing engine may access a location
the cache (601). At this time, the cache may be in non-shaied mode. For example, the first computing
engine may read information stoied at the first way in the thitd set of a data anay in the cache. A signal

20 associated with cache sharing may then be sent to the cache (602). For example, the second computing
engine may asseil its cache enable signal. The cache may be partitioned inlo a first subdivision accessible
exclusively by the fiist computing engine and a second subdivision accessible exclusively by the second
computing engine (603) In one embodiment, atiays (e.g, a data anay and a tag aiay) in the cache may be
pattitioned into a plurality of ways. In a second embodiment, ailays in the cache may be partitioned into a

25 plurality of sets. The second subdivision may be flushed (604). The fiist computing engine may have stoied
information in the second subdivision, because the cache had been in non-shared mode, and flushing the
cache may be used to safely write the data back to the main memory. The same location that was earlier
accessed by the first computing engine may now be accessed by the second computing engine (605).
Continuing with the example desciibed above, the second computing engine may store data in the first way

30 in the third set of the data airay.



WO 02/ 2s-t-17 PCT/US(11/29602 26. The nethod of claim 23, wherein the tiist
addressing value is a set addressing value and wherein identifying a fast

| ocat i onwigydReycache using the first addressing val ue i maddaeso®el ecti ng
a set in a tag away using the set addressing val ue selected by the first
selector; receiving a tag addressing value at said fist address input;
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val ue cormfdc&&;s%amfaym&Essﬁgtalsa,ﬂﬂg eSSI ng value, a 20 second set addressing
val ue, and a tag addressing val ue, and wherein identifying a first |ocation
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cor r espondy,RGhifeQndiAEnald fBlenSQbiwad i M RBieM HetiSy. |10 LG BYaiRh, fiRgedat a
array that corresponds to the matching may. 30 21 .A{ r.A9.AL.AL. ALY
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Subdivisions of the cache act as “viitual poited caches.” The virtual caches may be different in size

depending upon the shaing configuation mode. According to an embodiment of the piesent invention, the
cache subdivisions aie tianspatent to the computing engincs.

23 The present invention may be implemented as a way subdivided, a set subdivided cache, o1 a
combination of both. The set subdivided implementation piovides for a greatly reduced die size and timing
impact in some cache implementations. Using set subdivision also has a different effect on way-
associattvity. When using set subdivision, in a n-way associative cache, the default for all shared request
types is n-way set associativity. When using way subdivision, by default, an n-way set associative cache

30 splits all n-ways among all shared 1equest types. In an embodiment, the data, tag and state ailays need a
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computing engine sends a signal to fitst computing engine whenever the second computing engine wants to
share the cache (or no longer needs to shaie the cache), and the first computing engine asserts/deasserts the
fitst computing engine enable line to activate/deactivaic shaied mode. Tutther, while the embodiments
disclosed above discuss 1eading from the dynamically shared cache, the same mechanisms may be used to
15 contiof wiiting fiom the dynamically shared cache As anothet example, the steps in the method may be
varied as apptoptiate. Further, there may be additional connections between the cache and the computing

engines (e.g., contro! lines).
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The cache of claim 1, wheiein one of the computing engines may be dynamically allocated a

10 pluratity of sets in the cache at1ay

4 The cache of claim 1, wheiein the cache includes inputs to determine whether the cache is being

shared by multiple data engines.

15 5. The cache of claim 1, whetein the cache is diiectly accessible simultaneously by multiple

compuling engmes.

6. A cache, compising:
atag ariay including a fiist address input, a second addiess input, and a shaired mode input;
20 a data anay electrically coupled to the tag array and including a first address input, a second address

input, and a shared mode input.

7. The cache of claim 6, wheiein the tag array further mcludes:
a first selector electiically coupled to the {ist address input, the second address input and the shaied
25 mode input;
a shared way electrically coupled to the first selector;
a second selector electiically coupled to the fiist addiess input, the second addiess input, and the
shared mode input, and

a comparator electrically coupled to the shared way and the second selector component.

30
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10 The cache of claim 7, wherein the data aiay fuither includes:
a third selector electrically coupled to the first addiess input, second address input and the shared
10 mode tnhput,
a shared way electrically coupled to the thitd selectol;

a way selector electiically coupled to the data atiay’s shared way and to the tag array’s comparator.

1. The cache of claim 6, wheiein the lag airay further includes:
a first bank of sets electiically coupled to the fiist addiess input;
a selector electtically coupled to the first addiess input. second address input, and shared mode

input; and a second bank of sets electrically coupled to the selector,

12. The cache of claim 11, wherem the data anay further compuiises:
20 a flist bank of sets electrically coupled to the first addiess input;
a selector elechically coupled to the first address input, second addiess input, and shared mode

input; and a second bank of sets electiically coupled to the selector.

13. A system comprising:
25 a central processing unit,
a second computing engine; and
a cache that is electrically coupled to the central processing unit and the second computing engine
and that includes a pluiality of cache memory locations which are accessible by the second
computing engine when a shared mode signal is received and accessible by the central processing

30 unit when the shared mode signal is not received.
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processing unit when the second shared mode signal is not received.

10 16. The system of claim 13, wheiein the system is pait of an integiated circuit.
17 The system of claun 13, wherein said second computing engine is a graphics engine.
18. A method of cache shating, the method comptising

15 accessing a location in a cache fiom a first compuling engine;

sending the cache a signal associated with cache shating; and
pattitioning the cache into a fiist subdivision accessible exclusively by the fiist computing engine

and a second subdivision accessible exclusively by a second computing engine.

20 19 The method of claim 18, further comprising flushing the second subdivision,

20. The method of claim 18, wherein said location in the cache is pait of the second subdivision, and

wherein the method funther comprises aceessing said location in the cache fiom the second

computing cngime.

25
21. The method of claim 18, wheiein the flist subdivision is a fitst plurality of ways in the cache, and
wherein the second subdivision 1s a second pluality of ways in the cache.
22. The method of claim 18, whetein the fiist subdivision is a first plurality of sets in the cache, and
30 wherein the second subdivision is a second pluality of sets in the cache.
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1cadmg data fiom the fist locatlon

10 24, The method of claim 23, futtheyr compiising:
teceiving a second addressing value at a second addiess input;
identifying a second location in the cache data avray using the second addtessing value; and

teading data fiom the second location simultanecusly with said reading data from the fitst location.

15 25 The method of claim 23, further compiising:
teceiving a mode selection value signifying that the cache is not in shared mode,
1eceiving a second addressing value at a second addiess input;
selecting the second addressing value at the first selector component based upon the mode selection
value thal signifies that the cache is not in shaied mode;
20 using the second addressing value to identify said first location as the location to be 1ead; and

reading data fiom the location to be 1ead.

20
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selector value; and

comparing tags stored in the selected set in the tag aitay with the tag addiessing value selecled by
the second selector, and

determining that the way in which a tag resides is a matching way if the compaiison results in a

10 match.

27 The method of clain 26, wheiein identifying a first location in the cache using the fi1st addressing
value further includes:
selecting the set addiessing value at a thild selector based upon the mode selection value signifying
15 that the cache is 111 shaied mode, and
identifying as the first location the location of a cache data array that 1s in the set conesponding to

the set addiessing value in the way of the data at1ay that coriesponds to the matching way.

28. The method of claim 23, wheiein the fiist addiessing value compiises a first set addressing value, a
20 second set addressing value, and a tag addiessing value, and wherein identifying a fiist location in
the cache using the fiist addiessing value includes:
selecting a set in a tag airay using the fiist set addressing value;
compating tags stoied in the selected set in the tag array with the tag addressing value and the

second set addressing value;

25 determining that the way in which the tag 1estdes is a matching way if the comparison results in a
match;
identifying as the fitst location the location of a cache dala array that is in the set corresponding to
the first set addiessing value in the way of the data array that cotiesponds to the matching way.
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