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PERFORM NG CACHE SEGMVENT FLUSH__ AND CACHE SEGVENT | NVALI DATI ON OPBRATANOBS
" BACKGROUND OF THE I NVENTION 1. Field of the Invention The present invention
relates in general to the field of conputer systens, and in particular, to

an apparatus and nethod for providing instructions which facilitate 5 the

i nval idation and/or flushing of a portilen of a cache nenory within a cache

system 2. Description of the Related Art The use of a cache nenory with a

conputer systemfacilitates the reduction 10 1~ of nenory access tine. The

f undanmentsablg tigepof C ] ' ] y '
e DO A T U

average nenory access tine w ppr oac actess "t he cache. To
achieve the optimal tradeoffs between cache size and performance, typical
conput er systens i npl emneBACGKGRERAND OF ATHEJNVENTION, different |evel s of

cache nenory. The different |evels of cache correspond to different

di stance§ frog dhef onput er. system core. The closer the cache is to the
conput er systg'ﬁ#——9-Iﬂ-g“-eﬂi@-@-“-"-?l he data access. However, the closer the cache
Is to the conputer system the nore costly it is to inplenent. As a result,

the closer thencaehent igv@ltior F&at@?%ﬂ%én@ﬁg 1S B i@k df %nﬁﬂﬁg‘gs}ﬁg&ﬁ'ﬁ?&%i ;J it

is typically | ocated between the conputer system and nal ;

typi cal | jh pagicuthe stocarcappguaratinindoetiodifut proeiiihg inetratipns wHiclafacditsfeat | C
random access nenory (SRAM. The cache unit can be included on the sane
chip as theeingahdatiosrand/or dlusbingcaha @erden afa sachepmenosy voithuo rreeache

Al ternatively, the cache controller may be included on the conputer system
chip andSXSﬁ‘E%Cache menory is formed by external SRAM chi ps. 07 JW
2003 -2

2. ipt Relat rt

The use of a cache memory with a computer system facilitates the reduction
of memory access time. The fundamental idea of cache organization is that by
10 keeping the most frequently accessed instructions and data in the fast cache
memory, the average memory access time will approach the access time of the
cache. To achieve the optimal tradeoffs between cache size and performance,
typical computer systems implement a cache hierarchy, that is, different levels of
cache memory. The different levels of cache correspond to different distances from
15 the computer system core. The closer the cache is to the computer system, the faster -
the data access. However, the closer the cache is to the computer system, the more
costly it is to implement. As a result, the closer the cache level, the faster and

smaller the cache.

A cache unit is typically located between the computer system and main
20  memory; it typically includes a cache controller and a cache memory such as a static
random access memory (SRAM). The cache unit can be included on the same chip
as the computer system or can exist as a separate component. Alternatively, the
cache controller may be included on the computer system chip and the cache

memory is formed by external SRAM chips.
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Thre performance of cache nmenory is frequently neasured in terns of itsﬁhib
rati o. When the conputer systemrefers to nenory and finds the dataUﬂMHMZU§
-~ cache, it is said to produce a hit. If the data is not found m cache, then
it isin min nmenory and is counted as a mss. If a mss occurs, then an
allocation is made at the 5 entry indexed by the address of the access. The
access can be for loading data to the conputer systemor storing data from
the conputer systemto nenory. The cached information is retained by the
cache nmenory until it is no |longer needed, nmade invalid or replaced by

ot her data, i nltwhperfermagice ot eachielmemanhis feequently mersuatd o tared . of lifs [ot her
conput er systeng, or ,system conponents have access to thgenain_lo mepory, as

is the cadatios JYheyHomPYieR systermpersoiot Femesr and findsriBe dafannignsic)ecan be
overwitt he, C troll.er st infor h | i cab che that the
data stor ggiswga%fltonﬁbﬁgcggc lt{aoiif%hei ?ﬁ/r%ll? ge} *f-"“f‘ﬁ]e“t‘ ﬁg h_??i%}\%nt %ég llr?r‘a’l%gmrrermr y
changes. SHEMoANaD R Run@Y asSa KM 3SnE868&is, MK hHalIoeLtor §s hitk &asbe
controller inpl'ements a wite-back strategy and, with a cache hit, only

Wi t es5 datentfyriadesedebylthe addpest ef tieyated The ht@scanhise forleadiag Hetaconhent

must be transferred to the nmain nenory under specific conditions. This

appl i es, feomRssemMPISEEm @hatPringedaniroshile camepiettesysteratta Mewart hEheredchedenor y
to a peripheral .uni.t, but the current val ues are only stored i,n an SRAM
cache - ThiBEERBEORES EiRPae B3N SaRIOMeEsy anehiis 19 oRer CoieEntrge such

i nval i dat i;pg d i W MoTak ahil y by
har dwar e, lgoarlm;ﬁ{ %?é oc(%!iil??e H%ﬁ%ﬁéﬁh Vggl.%hﬁlﬁ]&%@r%% gl?éng{c?f %g%&g%g%glg?%\%\gr e
have been devel oped to invalidate and/or flush the cache nenory. Currently,
such sof t war e If etenicqugsitemsystenss dheystese cofpanentadtave atbéass tothecimaoper at es
on the entire cache pnenory corresponding to the conputer system from which
the i H&t r MK ¥ Bhesescafonpampde. with aPMdy eanteriter ornchthe Beiry mgawrng 25

operations _require | ar,ge amount, of, tine to conpl et d oV no

o anal ar gy BEgvbrtugfics (B0 e RIR BhBlerd B o ik So e RhP S e o
speci fic dahatébed RAAIWARS Bihei@tify fIIOMhd8aGARNGe _n‘(‘ﬂhlrﬁerhgl')?tﬁﬂrggs.t he ot her
data within the cache nenory intact. Wien a flushing operat’ion oOperates
only on t$ecteat bperatiaslie knewnrag, cache freaililatdon. nlfi the lcexhditdrittolleand i nmpact s
system performance. In addition, where a cache 5 invalidation operation
oper at es GRPYTERtS W Tiderbasiesteategieandiarish @ spehfpkitomlyriteg data from theg 7

J~, 1 ~.Z003 -4 BRI RY THE | NVENT]I A, net hod,and arat.us for
i ncl u_}i%ngégollﬁplét%ég%ﬁ?g%yc@ }g: th? ﬁ%Wlf(?f‘fe ggln"f%ggﬁléwgerrf:ﬁdngop@géﬂaemnemr y
i nval i dat gealy GREBE sPRIRY YorlditiShs. TRES Ap1R8Sfor 'eaaﬁag?e, QOinEEDiLA ERIB
conput er system conprises a cache nenory having a plurality of

transfers data from the main memory to a peripheral unit, but the current values

are only stored in an SRAM cache. This type of operation is known as a cache flush.

Currently, such invalidating and/or flushing operations are performed
20 automatically by hardware, for an associated cache line. In certain situations,
software have been developed to invalidate and/or flush the cache memory.
Currently, such software techniques involve the use of an instruction which
operates on the entire cache memory corresponding to the computer system from
which the instruction originated. However, such invalidation and/or flushing

25  operations require a large amount of time to complete, and provides no granularity



5.cache lines each of which stores data, and a storage area to stare a data
operand. An execution unit is coupled to the storage area, and oper gtyesnan]
data el ements in the data operand to invalidate data in a predeterm ned
portion of the plurality of cache lines in response to receiving a single

i nstruction. 0 7 J~" N 2003 -s BRI EF3DESCRI PTI ON OF THE DRAW NGS The

invention is illustrated by way of exanple, and not |imtation, in the
figures. Like reference indicate simlar elenments. Figure 1 illustrates an
exenpl ary conputer systemin accordance with one 5 enbodi nment of the
invention. Figure 2 illustrates one enbodi nent of the format of a cache
control i ostoryodlifontheeep toin vididaecarat/dir fsh Gpedific eataock pemibnobf dite
invention, Figure 3 il]ustrates the general operation of the cache control

t echni quelraBcBrediasiethids etarming) thiopthen datahwithify the fashe manEygintast-4A
illustrat one .enbodi nent.. of the, operati on of the cache se nt jnvalidate
i nstructi g\ﬁ‘efbazﬂug%)lagroé) IBIT PRITAIS ALY (S’Hetp‘ér?ﬁf)‘é‘? ‘BFmPﬁ‘ngbeéP!ﬁ? i'n of

t he cache RN, Fnldusdhd i i DA fl art
illustrat linng fgﬁlg&eaﬁlgggﬁb%ﬁ;% t gﬁgﬁﬁgcie%%eaﬁtlé@% vi§}r11€rglal %\gqt%g process of

the priseintvalidatest bperatibh GpeeatbBohly én thovmirardachd,|dssd talrbpgo®Atayenbodi ment
of the cache1 segnent flush process of the present invention.
result.



0.7 JAN 2003 -6 DE-TAI LED DESCRI PTION OF THE INVENTION In the followin
description, numerous specific details are set forth to provide a t%%dgNéWQ
* understandi ng of the invention. However, it is understood that the
invention may be practiced without these specific details. In other

i nstances, well 5 known circuits, strugtures and techni ques have not been
shown in detail in order not to obscure the invention. Figure 1 illustrates
one enbodi nent of a conputer system 100 which inplenments the principles of
the present invention. Conputer system 100 conprises a conputer system 105,
a storage device 110, a”%RﬁﬁP@Eﬂ&&éﬂR?hfFﬁﬁr W oENEQoRy St em 105 i's coupl ed
to the storage device 110 by the pbus I1b. TIhe storage device 110 represents
one or nore nechanisns for storing data. For exanple, the storage device
110 may i ncl ude mehcd and yapparaiy fdrRobudifig@ it e o APLesSsyRRAD IiysttANhs for
magneti c di sk storage nediuns, optical storage nediuns, flash nenory

devi ces aprifaming lsachenmeniang inealitase endedrhmmeniary dishtdpematiansnuninge of
user 15i'%§$4DUtEuh devi ces, such as a keyboard 120 and a dis Iay 125, are
al so cougdl B DB FETPIHSET TR CRPURTEES féf&éerﬁ“fé?f}’é‘ﬁwge?w? TalYefit r al
pr ocessi [FYago) : i S | S I VL or
hybr i g, a:tg ﬁ#{]%a%%su%aéawI&]Méaga@%?sgéﬁg’t ngc% (H)tr r?galﬁee#g£§/°§%‘8% %Lg%ta?) Eﬁé‘ 'eANV

i mpl ementexdc@ibrOBRit Q4 coWILEd CH RS stoldpR &bOAdCoFteNes 8n s ERRHAESRAlBeONE OF
nore nmechani sns for storing data. For exanple, the 20 storage device 110
may i ncl uthda oparkndntoyinvalidaty defROv) 3 pradetirminet pegianeafothy plRAMYY) ofeaghet i C

di sk storage .nedi uns, optical storage nediuns, flash nenory devices, and/or
ot her madHI% R TESRPNSE &0 (FRERIIRS. 2 iA8INStreqton-epr esent s one or nore buses
(e.g., AGP, PCl, ISA X-Bus, VESA, etc.) and bridges (also terned as bus
controllers). Wiile this enbodinment is described in relation to a single
conput er 0 7 ~ "~N 2003 system conputer system the invention could be

i npl enented in a nmufti-conputer system conputer system In addition to

ot her devices, one or nore of a network 130, a TV broadcast




signal receiver 131, a fax/nodem 132, a digitizing unit 133, a sound unit
134, and a 5 graphics unit 135 may optionally be coupled to bus 115.0 TGaN 2003
“network 130 and fax nodem 132 represent one or nore network connections for”
transmtting data over a machine readable nedia (e.g., carrier waves). The
digitizing unit 133 represents one or._gore devices for digitizing imges
(i.e., a scanner, canera, etc.). The sound unit 134 represents one or nore
devices for inputting and/or outputting sound (e.g., 10 m crophones,
speakers, magnetic main nenories, etc.). The graphics unit 135 represents
one or nore devices for ggeReMEd-IgPT | FREeSE 5/ Owngt@phi cs card). Figure
1 also illustrates that € storage device ored therein data 136
and software 137. Data 136 represents data stored in one or nore of the
format s descr iThednhextegimis iBaétravad dyl8dy oé pxaspie, anthetrgvisser, yn tede f or
perfornigg any and /or all of the 15 techni ques described with reference to
Fi gures ZigwAd hike refyrepen indicate pignilar elementdevi ce 110 preferably contai ns
addi tional software (not shown), which is not necessary to understanding
the inventiong. Ei qur i.tional by illust t r..system
105 i ncl udes 5@@0@? ﬁ&%ﬁr?ggﬁb,&ﬁﬁgé ryc?f)mﬁlélgrz%}g?esé?’iff‘ggﬁaﬁ%@ghﬁ%n uni t
142, and gpédihntdf theSntdkid@r 20 executing instructions. The conputer
system 105 further includes two internal cache nenories, a level 0 (LO
cache nenory which is coupled to the execution unit 142, and a level 1 (L1)
cache menory, FRgirel? illsisaigplond empadimenOoitheformanobs tcecheatondzethe nenory,
i.e., alevel 2 (L cache nenory 172, is coypled to, hus 115 via a cache
control | épstiwfonr@ Beqvided proocdingnie e HREOUHITY R tBEARETHBRor | e i s a
design 25 choice or may be dictated by the conputer system architecture.
Thus, it is FfeB NudBRs tHe sBRREPEHGhEON bREte ElBielcbntdE RRhARUEd be
pl aced external " to the conpute§ system 105. In alternate enbodi'nents, nore
or |ess |aveldingto oneleentcatiiment bhére inkeatidnL2) nay be inplenented. It is
appreciated that three | evels of cache hierarchy are shown in Figure 1, but
there could be nore or. | ess cache |eyels. For exanple, the present 5
i nvent on couﬁ:égltfé 44y Hlystates %?e‘?‘rBL‘Pq\{}EI’eé‘t o "%P?eﬁﬁén@ééﬁé ng\?eﬁemffbt onl y)
or where im?lric?atgriﬁst?@&}'nti"& cache levels (LO and L1), or where there are
four or nore cache Tevels. Of course, the conputer system 105 contains
additional circuitry, which is not necessary to understanding the
i nvention. Th&igleed®eillusirbted 4he entifidiinensoflde eputatifn @f elteitachn segmentl42 are
coupl ed together by internal bus 143. The decode unit 140 is used for
decodi ng fiysst ingtrurteers 16&cei ved by conputer system 105 into control signals
and / or mcro code entry points. In response to these control signals and

/[ or mcro co taray ; PO %ﬁﬁ;ét L.

appropriate o%ﬁee?'g‘fg isgpyng.g%]ﬁmae%gg%&um éir%gerlﬁ{g?&]lg%éﬁndgﬁé%%%d* sﬁﬂtg any
nunbeys ofindalidRe @b o aRé pr@serbir(vention. & | 0ok-up table, a hardware

i npl ementation, a PLA, etc.). Wile the decoding of the various -
instructions is represented herein by a series of if/then statenents, it is
under st ood t h&iguraSBeizacflevehrrbillustratingtanecarnbedimeas of she fachgisegMgtser | al
processi f these if/then statenments. Rather, any nmechanismfor logically
per f or ni #g"s?‘hﬁ’%ocﬁs/?fjh%ﬁ R}FB@&EY?{B‘Q% considered to be within the scope of
the 20 inplenentation of the invention. The decode unit 140 is shown
including a fetching unit 150 which fetches instructions, and an
instruction set 165 for perform ng operations on data. In 6ne enbodi nent,
the instruction set 165 includes a cache control instructions) provided in
accordance with the present invention. In one enbodi nent, the cache control




25 instructions include: a cache segnent invalidate instructions) 162, a
cache segnent 0 7 JAN 2003 -9 flush instructions) 164 and a cacheldeliet}
flush and invalidate instructions) 166 provided in accordance with the )
present invention. An exanple of the cache segnment invalidate instructions)
162 includes a Page Invalidate (PG NVD) .i nstruction which operates on a
user specified linear address and invalidates the 4k 5 Byte physical page
corresponding to the |linear address fromall | evels of the cache hierarchy
for all agents in the conputer systemthat are connected to the conputer
system An exanpl e of DBEAD O ERETRT {1 1O 164 | ncludes a
Page Flush (PGFLUSH) instruction 164 that flushes data in the 4 Kbyte

physi cal page corresponding to the |inear address on which the operation is
per f or med. An ghejelimriagaieseriptiencemewyssnecit detpilirage sebiarthdatrrovide
instruction 166 Jincl.udes Page, FlL.ush/ ] nval.i date (PG-LUSHI i nstruction
165 that 7 9EPle JOHEE g o) ton s UINELST M S pErrd GhRI ng +o

t he |i neay I-G ' I or

vl | dat e e T b sy oy R Wi 3Pedfic BRI TR O AR, el
addres®. kiovah ictifitd, isicRireo dhdRedhhiquidieh3@a1R been ishowni insddtaiCin ofger may 15
operate on either a user specified |linear or physical address and perform
t he assochneft todobsayeel theainwentien./ or f1ush operations in accordance with the
principles of the invention. In addition to the cache segnent invalidate
instructions) 162, .t cache " s nt flush instruction 164, and the
cache segment Ff%ﬁfgl% Qﬁatrﬁ?ﬁﬁrﬁeoeﬂelgégﬁ‘einﬁgf P SOTIFIHEY Syféeé?ﬁbgr?gﬁgér system
10S can iy [ ' : : C.o%'ﬁl L@ or the sane
as those I%EXSlgPﬁecgiiﬁgtﬁ?&gG%gﬁg?e a? %ﬁ{ogsvgﬁ{ééﬁpt& er stsgtggégr?s% degr exanpl e,
in one entuomiprisesta dolrepuzamngpsten 105, @61a@TevipAQ0f #nda buH$13.UTHe @impeter Whi Ch
is conpatible with the Intel Architecture instruction set used by existing
computlr wptare e issgupleddothestosags davite Hoyuthebus3 18y The atoragerdavirgtllfe
enbodi nents _of the invention may contain .nore or_.less, as \ﬁell as different
i nst ruct i GRESERYE ;97 ™Bt8 ﬂeﬁléa’iiﬂgs HaRTRg LA F‘Piree’faﬁ?ﬁiﬁt’i §riora8% 7 J~-
2003 -10 device 110 may include read only memory (ROM), random access memory (RAM),

magnetic disk storage mediums, optical storage mediums, flash memory devices
and/or other machine readable mediums. In addition, a number of user

15  input/output devices, such as a keyboard 120 and a display 125, are also coupled t‘o
the bus 115. The computer system 105 represents a central processing unit of any
type of architecture, such as CISC, RISC, VLIW, or hybrid architecture. ~In addition,
the computer system 105 could be implemented on one or more chips. The storage .
device 110 represents one or more mechanisms for storing data. For example, the

20 storage device 110 may include read only memory (ROM), random access memory
(RAM), magnetic disk storage mediums, optical storage mediums, flash memory
devices, and/or other machine-readable mediums. The bus 115 represents one or
more buses (e.g., AGP, PCI, ISA, X-Bus, VESA, etc.) and bridges (also termed as bus

controllers). While this embodiment is described in relation to a single computer



The registers 141 represent a storage area on conputer system 105 for
storing information, such as control/status information, scalar and/0lof JAN 2003
" packed integer data, floating point data, etc. It is understood that one ~
aspect of the invention is the described instruction set. According to this
aspect of the invention, the storage area used for storing the data is not
critical. The termdata processing systemis used herein to refer to any
machi ne for processing data, including the conputer systens(s) described
with reference to Figure 1. Figure 2 illustrates one enbodi nent of the

format of o) C I i j ti . e
cache seg Frggrg%(mf #B‘Sns;ﬁ& ﬁe%]g? Srtglgl’ ?ﬁenﬁ{;s‘gggg%‘ ngrgﬁ%ﬂ?hger{&%%h%qgeagﬁgﬁf %?rﬁggherﬁand

i nval i dat gygtémtcro@cﬁﬁt@pgysl&ﬁ_ provi ded in accordance with the present

i nvention.” For discussion purposes, the instructions 162, 164 and 166 w ||
be referred to as the cache control instruction 160. The cache control

i nstruction 16 adtipendesthar deymestdrermalmersdd A BEWOEREP0,22 TViirpadrast
identifies the operatjon of the cache control instruction 160 _and an

oper and 2§Iznmee§vgbéi1ifﬁfé§/mﬂ e LFIBHIZRE HBHi 1SPed SOMNGERAY4125¢4 i on
whi ch hol .starti . h i i i on 160
W 8 oBBrhy i L0 SE8R R0 bl DR B B P Hidhed MR IR BN DL

cache conpfddeni 151 Féfirbied ohRQraf6R AtRGrk CoitRtiBADASH HRMImBing BEtal SNt | ON.
In the practice of the invention, the cache control instruction 160

provi des hiachiregieadahle frordianéegy yarrieoeatvesin Thei digit2ing ahisl 38 repesdritngne
address of the data object that the instruction 160 will be operating on.
In one enBbBIYRAEVICEHEOTIIgGIHZIRG MRS 4k, 7 AANNERCANEFDHALC-Bi Fhe Foughenip ¢ s,

whi ch are or i he reaister. (o _nmenory) locatio nd Y | eas

ol ani 11 caht? Brresenth BREGE RbeE Lehictlor EREE 2803t bRl ARE S upE e
contreb i Ritlopabh&y) s%@eQ(eTrQG}Ha kimaihReohlbd Std. P THE gﬁ‘é}ﬂhés BYit Y39 t
positions to obtain the conplete starting address. Th 5 cache control

i nstruct i cepréfdtd drenooperatiesicenfor fgenetating 3D irmsgen(@igngraphich eard). FHigureg

0 7 JAN 2003 address, and data corresponding to_ the Z subsequent addresses,

in cache hekerillusiraiepthat dhesigragerfievieendldas sored therein data dpg and seftware

oper at es e e of dat tgred .in cache, of i.ch the beginnin

i oss | L BreddPeRreo e Bl B0 mbnir Rrth PEISE RerEter Refdte
operand 2¢grRbrd 14 r‘éﬁ?é%@n&_ciﬂé h@éesbd’f?tcbﬂé der%brfdrﬁxiﬁ%%ﬁy RAH Poral€APA@I MENt S,
the cache control instruction 160 nay operate on ahy predeterm ned anpunt
of dals steshrifuendesteibed voith wdferehcd tocFigess 2nand 4sd dDEssurses th¢ stoeagei N a
register (or menory) |location specified in the operand 212 of the cache
control i Agtiradll preferaRlyrronipias addiiong! saftware @REshavReyEleh irRotshown, but
Ie?rblogi ﬁgﬁ{\g%h%s{gqlo;ur%%%égm%rthleeus“s,erlxtgao\{gI s can be readily inplenented. The

Figure 1 additionally illustrates that the computer system 105 includes decode -
unit 140, a set of registers 141, and execution unit 142, and an internal bus 143 for
20 executing instructions. The computer system 105 further includes two internal
cache memories, a level 0 (L0) cache memory which is coupled to the execution unit
142, and a level 1 (L1) cache memory, which is coupled to the LO cache. An external
cache memory, i.e., a level 2 (L2) cache memory 172, is coupled to bus 115 via a cache
controller 170. The actual placement of the various cache memories is a design

25  choice or may be dictated by the computer system architecture. Thus, it is



10 4-6 describes the use of the invention with respect to one cache iﬁX§5
Details of various enmbodi nents of the cache control instruction 16d] ] %Q
* now be described. The cache segnment invalidate instruction 162 will first
be described. Figure 4A illustrates one enbodi nent of the cache segnent
invalidate instruction 162. Upon receigi-ng the cache segnent invalidate
instruction 162, the conputer 15 system 105 determ nes, fromthe operand
312 of the instruction 162, the register location in which the nost
signification bits of the starting address of the data object is stored.

The conpufBPresipéechihal gw kheache gpidsbe placehexiermahta Ke comaHpeysEm 183 e

nunber of _J.east significant bits of the starti addr es the conplete
starting 5%%?@%5‘31?@0%’8{%?%é’&o,retoﬁéesc,solﬁ\ﬁ%f 8% C%%R@Wig‘?%g% 5%1&;) AP dat e
bit of th ' : t t:i,ons of
R R G S R i R L

havi ng a Stgairé I nputtidfeeasild bk meeeatdeddGatite levals. FopleRSmble, tieppeitand 312
will be invalidated. '"in alternate enbodi nents, data in any predeterm ned
porti ofs #fventensaeldeberprastiged ahenathieng) isaordy aonej aaghentbtebdd) erdy) espdatt ng to
t hat storqg in th% oper and §12 thl a inval'dangd 25 %sin t he present

t echni quehere gre.only fwo,cache leyslsffl ap TeYAewt tEIe AR IPRSPT BOfT BAFRE64 wil |
next be dFE%LSi‘ bed. Figure 4B illustrates one enbodi ment of the cache
segnent flush instruction 164. Upon receiving the cache segnent fl ush
instruction 164) the conputer system 105 determ nes, fromthe operand 312
of the instrucDi curi§4he th@puegisystem 10Fadritans addiromal ehaiity, wbdsdh is not
signification bits of the starting address of the data object is stored.
The conpubegessary tte mndemstanding s invention The decode whis 16paegisters14l ang t he
nunbetr ., of | east siqgnificant hi of . the startin dress ce the conplete
start r[l%g ﬁﬁe&f’lggg ”ingnfé%taéf AP e%z%geé%"rf&ﬁ ’é}te’E'?LlF‘gﬁT? 'u@?‘?e‘%ectgl';iﬁ Ungilitdns of
cache ne t: ; : j Cd=0; :

cmbodi mone s e g R R o Lob B R DR BB oo
cor r esponandifort midréiabd s e hoirits.t here3ponsed thésk avnttol Bigrhalsiatto@dr midro

alternate enbodi nents, data in any predeterm ned portions of the cache
menory 22604easitng Pairgt 4he exerusion riads 142operéerpunidierppropristatopsrasiond. iThet he
operand 312 will . | ushed. The cache .seqgnent flush/j.pvalidate instruction
166 w1 Aendsenib e P B P e g Hens Ay Sk o HE SRR RACTHENETS!  he
cache;segpept , fddishy aiifle, MY AUWIRL SmbRIdHEAIR FIOE, et POWHRCRE HelBdinBe
cache segg ‘taf(% ushpi nstruction 166%j t gen%%dnrggtlii'r&'s?s'?emgegﬁgeteegdn%ﬁes,
fromthe epteantdiottdngtudtions iig dpresdntahd@ih by Baefiegbf ifgthenatatementsl it whi ch
the nost signification bits of the starting address of the data object is
stored. Tiseundeipaee thaythe execoon ¢fean Histruction Hees/apturequiretahzerishber and 20

312, by the nunber.qf |least significan its of the starti .address. Once
the conpl BIseEing pf fiess HIRes R @i Rater (g DESHRIRT (O CBIAIT | ushes T ho

| ocat | onSpoloRRARRANIRIANN PROLBIAES Bl ierfX GO UL iR nd Bopnliwct [ on 16

In one enbodi men , one pag e nmenor aving-a starting

addr es@ cpfipRarenatiorg of @hé hatergice.ed in the operand 312 will be flushed. In
al ternate enbodi nents, any predeterm ned 25 portions of the cache nenory
220 having a starti n% address corresponding to that stored in the operand
312 wil | be flTReeerodrawit 140Hs showpuneiudinge detrhipg uniply whighofgtrhes 13
invalidates, the affegted_areas of .t cache menory 220 that ,have been

T uahed . FROBAEOS BB RoRer gttt S35 4FF BPRTDg SErenans ChesPnvaliat e bi t

of each aliggufriftiantiriion td s iRfubiss & hHRESHJ! ihlirRior) pteviRe

enbodi nent of the cache segnen
in accordance with the present invention. In one embodiment, the cache control

25 instructions include: a cache segment invalidate instruction(s) 162, a cache segment



5 invalidate process of the present invention. Beginning froma start

state, the process 500 proceeds to process block 510, where it exami hés/ANE
‘operand 312 of the instruction 62 received by the conputer system 105 to
determ ne the storage | ocation of the value representing the nost
significant bits of the starting address. of the correspondi ng operation.

The process 500 then proceeds to process block 512, where 10 it retrieves

t he val ue representing the nost significant bits of the starting address
fromthe storage |ocation specified. The process 500 then advances to
process block 514, where it shifts the retrieved value by a predeterm ned

nunber of Rj fis; o enbodi r.m.n. : Iy t he
nunber of ﬁ{é%kz%nsgﬁétﬁ&ﬁf’)cg%a dlnfgs%l&r\lé %%Pérﬁgﬁsﬁnag dggg?ggé@qﬁ%ﬁc?mﬁ %Zqééocess
500 det er mpaRsddd ' £R6RRANSE WD thel predéitantadidly ARexar@abl 8 @khé he
instruction 162, as shown in process block 516. In one enbodi nent, the

cache segnsagimens imvahiagee instruotien@)ribélinvhrdes asPqprdevebddtai(REIMKDByt es. | n
al ternate enbodi ments, the cache segnent may be any predeterni ned portion
of the cacHétTHENRN Yhichhepesaige &fisa BeRT spReEified lineaoaidness prdinpdidptesdhe 8k 6,

T pe S0 AT A etk 05 RO RSB R TP e B oS
by settin ifemcwv&'axg%%lnh]ﬁp{r{eemmgpg{s&%%ﬁmrggsggeé;écpfooma éogrgplﬁache

segnent. The process en termmnate gure wcha

i1 1 ustratigsgteme spndaeipieof taf cdche segabrt SepnmBtrutidis le4meRres adagkhe
present invention. Beginning froma start state, the process 520 25

proceeds tBluph CCESUBbulstsRton Whé that iflushesddta és thend Kbyer pingsi@l pagd t he

i nstruction 0 7,JAN 2003 - 14 .64 or 66 .received by the co ter system

105 1o det SRTRSAERE 0167 Head ALEroI SHRiEh e, SR S BTNy Aho most

signif{gfan i I . | rti,on.

The. pr shece BiE ofthd ARnELBLhERCAGRELTS iniligsISpSRLEEIT PAMRRARP ST T, 1

val ue reprEgshtnkgliddie (POFLUSHINM)iiféRlictidht 156 that it Flushdd dga alidiess 5 from

the storage | ocation specified. The process 520 then advances to process

bl ock 526, Kyterphysicalsprgetcortespondingite yeellivedr addbgss anpwbitbttbe operationdsrber of

bits. I n one. enbaodi t, the_predetermned nunber represents the nunber of

| east si grRFIERAS B Snrirbleien fos hoilabrte Ry SIcRRIgE JREFSBPRIUBELO 530

det erm nes;idic Gache SRANERLa:R! RO RN S ORALALEOR BsebBfod@PkRyCLi on
: I"ment, e

64 or 66, as shown I n process bloc n one ennbo ache
segnents i SoperPRd eitter aldsef Bpdcefi@IThAcH R Phy sichifad e stearkbpeEsim By be any
predeterm ned portion of the cache. The process 520 then proceeds to
process blasskcisRo invdisiate and f donBhndsopdretiommineavcerdahce mithctierprinaiplaenf to
the storage device specified. The process 520 then proceeds to decision

bl ock 530, t"EhEWVEN P queries if the instruction received corresponding to
the operation is a 15 FLUSH or a FLUSH and | NVALI DATE i nstruction. If the

i nstruction is A BLiRl 1 B8 AERE S AR UnbAldHd HsBictibhi(s) NE2 it kadketion is a
FLUSH and | NVALI DATE i nstruction, the process 520 proceeds to process bl ock
534, wher eseiginenn¥lakh tradtrstivhe) d6d carditHehacheo ségsaantushgarehihalidegnent
beginning at the starting address specified. In one enbodinent, this is
per f or#fed ipgtraetian()g66heomputer isstemt 105cmndaglodeiney instregtienscand/gthe | i ne in

t he cache segnent. Th ocess 520 then term pates. .The use of the present
 nvent | on PRASCGATSATELE 8T HR BT 67 OTELOHRE Bt 500 0RA§e8Te) AVEIOPGiat o
instructio u L ctd j i i hi ng
data in ané;g) gr egg%}g?erﬁx grieggrp%’?‘!{t%rq(s:)f%’ %1 Qﬁéﬂ%g%{%&lﬁéﬁg%&%ﬁgé}dgg g%g{s h%\!fwer e
consi st encsuppetiseannsiectiacsia vahidh THicompeible Wwidl ehdTRitelfhisresitdeyursof t war e,
25 system perfornmance i s enhanced, since flushing only the affected
portions chstradhom $et uged by ekistingeromprer $istetnbhisech hathed Perdhimyll deanputer r e

cache._In addition, system ‘9 7 JAN 2003 . .
25 system. Alternative embodiments of the invention may contain more or less, as

well as different instructions and still utilize the teachings of the invention.



-15 performance is enhanced by having a flushing and /or invalidate
operation that has a granularity that is larger than a cache line sfZ¢e4N 7003
- since the user can flush and /or invalidate a nenory region using a single"
instruction instead of having to altegp the code, as the conputer system
changes the size of a cache line. 5 ile a preferred enbodi nent has been
described, it is to understood that the invention is not limted to such
use. In addition, while the invention has been described in terns of

several enbodi ments, those skilled in the art will recognize that the
invention is not limted to the enbodi nents descri bed. The nethod and -
appar at us of THeaegistesnildbrepraserie Pomge iacesdomiarhputersyfsienatl 05 forasioking
alteration within 1Q the spirit and scope of the appended c¢lains. The
descri ptinfimaionpiach 8s pentrely stafegirdermatians seales oA { lcpad@ddntepehfitieng on

the i tion. . 0,7.J 03 AIMG, 16 1. ,~ t. t i Sing:

2 cache HEBEPHAVITG SplLraPTEg=bRechErent Firest SR SYRTLR Bor es dat .
t : d ; i i t

2. Sor a0 R LRuSLAEE & IALEORS! B¥e ABACA RUSEULIAD, URL Lubauol.ed Lo

said storage area to operate on nts in sai a oper

cont gi niwgdJoPerokingnheidata Blradtidritgaladiiec@smt dhth PY@desslag Sy saindis uBedt
predeterm ned portion of the plurality of cache lines In response to

r ecei vi fgreinstongfez tbrestyr methiow fof proqesougdsty, indsdingcthemonymtter 2. ' The
conputer systemof Cajm]1l, wherein the data operand is a register

| ocat i orfystgms(s)Heack Wit redgrepeaioorieeteai-m 1, wherein the portion of the
starting address includes a plurality O nost significant bits of the

starting addigas, Are SUBHLEE RS LEMOTorDdAidNahy HCERD SHRLULI On

units shifts t ata el ene y a predeterm ne er o I't positions
t 0 obt aisaginkat stvalidetgimaoires 16, tHeecaehe Beghbmesflish Wihaltidat a64, 2rido be

inval i dated. 5, The conputer systemof Caim1, wherein the predeterm ned
por f1Pon tbe cathe grgmentiftyshoind feipdidpteni@siryciions peGprovidedhdn egedrdamaenyith. 6. A
conmput erthg ?éseen 1Cnoye th0§1| q—%r discussion purposes, the instructions 162, 164 and 166
will be referred to as the cache control instruction 160. The cache control instruction
160 comprises an operational code (OP CODE) 210 which identifies the operation of
the cache control instruction 160 and an operand 212 which specifies the name of a
15  register or memory location which holds a starting address of the data object that the

instruction 160 will be operating on.

Figure 3 illustrates the general operation of the cache control instruction 160
according to one embodiment of the invention. In the practice of the invention, the
cache control instruction 160 provides the register (or memory) location which

20  holds a starting address of the data object that the instruction 160 will be operating
on. In one embodiment, the starting address includes X most significant bits, which
are stored in the register (or memory) location, and Y least significant bits. The
cache control process associated with the cache contro} instruction 160 then shifts
the X bits to the right by Y bit positions to obtain the complete starting address. The

25  cache control instruction 160 then operates on the data corresponding to the starting



O 7 J4N 2003 _17_ a first storage area to store data; a cache nenory having
a plurality of cache lines each of which stores data; a second st or dge)A\: 188
"to store a data operand containing a portion of an address; and an -
execution unit coupled to said first storage area, said second storage

area, and said cache nenory, said execyfion unit to operate on the portion
of an address in said data operand to copy data from a predeterm ned
portion of the plurality of cache lines in the cache nenory to the first
storage area, in response to receiving a single instruction of a processor

I nstructure set. 7 . 'The conputer systemof claim7, wherein the data

oper and i sddrdseQired @4talcofrabpeiitiing to THeCZ eabRdueht Sdcrbsies ah Gt Mefhoryhpr ei n
the register location contains a plurality of mast significant bits of a
starting aadressmdinenti¢he eadhe dontrel instmictioh l68toperates on bee page efida®, ' The
conputer systemof claim9, wherein execution unit shifts the portion of
ai | addr eS®TBS iny caphegel whrﬁhﬁéa%eﬁwg afdress 1syviered) g risraBi oA MERTY)

starting address_of..the che i LN ich.,data,is.to be copied. 10. ' The

comuter SySramBRIEA TS Shsrand 312tdns PRt Pl di s Refopn slterie

plural sty efbdednbhts! {HREGChE BnPEORstA LSS 16060 JFFRHeYon anf pfedktdbhinld3 - 18
amount of data stored in cache, of which the beginning address is stored in a register

(or memory) location specified in the operand 212 of the cache control instruction.

In Figure 1, only L0, L1 and L2 levels are shown, but it is appreciated that
more or less levels can be readily implemented. The embodiment shown in Figures

10  4-6 describes the use of the invention with respect to one cache level.

Details of various embodiments of the cache control instruction 160 will now
be described. The cache segment invalidate instruction 162 will first be described.
Figure 4A illustrates one embodiment of the cache segment invalidate instruction
162. Upon receiving the cache segment invalidate instruction 162, the computer

15 system 105 determines, from the operand 312 of the instruction 162, the register
location in which the most signification bits of the starting address of the data object
is stored. The computer system 105 then shifts the value in the operand 312, by the
number of least significant bits of the starting address. Once the complete starting
address is obtained, the computer system 105 sets the invalidate bit of the cache

20 memory 200 corresponding to the affected locations of the cache memory. In one
embodiment, one page of the cache memory 220 having a starting address
corresponding to that stored in the operand 312 will be invalidated. ‘In alternate
embodiments, data in any predetermined portions of the cache memory 220 having
a starting address corresponding to that stored in the operand 312 will be invalidated

25 using the present technique.



11. . The conputer systemof Caim7, wherein the execution unit fugéﬂ@hZ%B
I nval i dates data in the predeterm ned portion of the plurality of c

“lines in response to receiving the. single instruction upon copying the B
data to the first storage area. 12. ~~ processor conprising: a decoder
configured to decode instruction and ajgircuit coupled to said decoder

said circuit in response to a single decoded instruction being configured
to: read a portion of an address located in a register specified in the
decoded instruction of a processor instruction set to obtain a starting
address of a predeterm ned area of a cache nenory on which the instruction
wll be performed: invalidate in the predeterm ned area of cache nenory.

13. . The proc&heaichefseginenifllish indiRiclioh 64 Ralipeki bodegtibed. FidiresiB
includes a plurality of nost significant bits of the starting address.
14. The prhlbedrades ong embaflimerg of therceche segmarit fbhshtinsthiadtion 164e Pponi on of an
addr ess by(%redeternined nunber. of bits positions to obtain the_starting

address of®4HANE 4Rf & e seemenhAreh inpituction 164, the qompHtenistseem 198 The
. al i 1. ti f h .07 J~, N
Dr0seSs" slsrbrieh MBS PR SLHARICEoEL  R0LAL Jon 8 7

2003 -19 cac nes i’'s a pa

Processor weiew tHeSnBEL signiHeNHEhite 8NfheGdreid 1 ddee Qi ehd Athdpfdct RNtorednd a
circuit coupled to said decoder, said circuit in response to a single
decoded i Adercoutpiuter gystean POD thesssirifts tisd valak iinthes eperard 13¢2,contHegurratert of

read a portion of an address |ocated in a register specified in the decoded
i nstruct i &gst yepibicantbits oftthe siantingaddeess Oncethe waeplaterstarting@ddefssas cache

menory on \é\/pi.ch he instruction wll bhe performed; co dat a.in e
or edet er R eadl, té}ée 8(}:1‘183{55 8y?,}5%€i\n§s1hes t?he Roehtins ofd dache %mory%b affteaed by
execution of the instruction 164. In one embodiment, one page of the cache
10 memory 220 having a starting address corresponding to that stored in the operand
312 will be flushed. In alternate embodiments, data in any predetermined portions

of the cache memory 220 having a starting address corresponding to that stored in

the operand 312 will be flushed.

The cache segment flush/invalidate instruction 166 will now be described.

15  Figure 4C illustrates one embodiment of the cache segment flush and invalidate
instruction 166. Upon receiving the cache segment flush instruction 166, the
computer system 105 determines, from the operand 312 of the instruction 164, the
register location in which the most signification bits of the starting address of the
data object is stored. The computer system 105 then shifts the value in the operand

20 312, by the number of least significant bits of the starting address. Once the complete
starting address is obtained, the computer system flushes the locations of cache
memory 220 affected by execution of the instruction 164. In one embodiment, one
page of the cache memory 220 having a starting address corresponding to that stored
in the operand 312 will be flushed. In alternate embodiments, any predetermined

25 portions of the cache memory 220 having a starting address corresponding to that

stored in the operand 312 will be flushed. Next, the computer system 105



store the coupled data in storage area separate fromthe cache nenDD?. hﬁma
The processor of Caim 18, wherein the portion of an address includ %é
"plurality of 11105t significant bits of the starting address. 18. The )
processor of Claim 20, wherein the circuit shifts the portion of an address
by a prederterm ned nunber of bit posifsions to obtain the starting address
of the cache line in which data is to be copied. 19. The processor of C aim
20, wherein the predeterm ned portion of the plurality of cache lines is a
page in the cache nenory. Z0. ~ The processor of C aim 120, wherein said

circuit f !ﬁ'{\;ag'ﬁraté.s QK@EHQ@?&%@Q%&R# i‘acheorf\é'm‘éﬁ)alégf Bt had® bebR ﬂtl.lgl’?ed.tlré

predetermi ned portion of the plurality of ca i'nes in response

recei vi ng ohB@nfHodghent, Bsit ispérfGfined PR Be€iAR B MniNRIa8AbA Jf Rathgffékad age
area. 21. ~~ conputer-inplenented nethod, conprising: a) decoding a single

i nstruct i oacheflige.pr ocessor instruction set; b) in response to said -
decodi ng the single instruction, obtaining a portion of a starting address

of a predeternined areas of ca |:1e menory on whjch the si ngge i nstruction
will be perforigi% rléao‘?%‘gc rbﬁ SHTE ARG 08 FRRRFIESE b et & SEEME St or age
| ocatign d ] A | ructd on: . C =1 I on
of oai 8 sPRggHeErobthe dInERGERRD HOHT BelinifE Rr S B B e BEGRE (2

of cache BBUBfteeds2to ProCestRANKE10f wheRd WeR4thinth @h&bPefahd AN kisees set ting
an invalid bit corresponding to the predeterm ned area of cache nenory. 23.

The net hodhstfucbmibnrackiveshby ¢ha cdanputemsysters105stoi détengirtehtbe starageolocatiort he

starting agg{e:\zé by the predeterm ned nunber of bit positins to obtain the
starting & UG FERTARENERGHEE MRS SigRifigane Rita &f she stafigngaddress of the

corresponding operation. The process 500 then proceeds to process block 512, where

10 it retrieves the value representing the most significant bits of the starting address
from the storage location specified. The process 500 then advances to process block
514, where it shifts the retrieved value by a predetermined number of bits. In one
embodiment, the predetermined number represents the number of least significant
bits in the starting address. Next, the process 500 determines the cache segment

15 affected by the operation or the instruction 162, as shown in process block 516. In
one embodiment, the cache segment is a page. In one embodiment, a page contains
4k Bytes. In alternate embodiments, the cache segment may be any predetermined
portion of the cache memory. The process 500 then proceeds to process block 516,
where it invalidates the data in the corresponding cache segment beginning at the

20 starting address specified. In one embodiment, this is performed by setting the
invalid bit corresponding to each cache line in the cache segment. The process 500

then terminates.

Figure 5B is a flowchart illustrating one embodiment of the cache segment
flush process of the present invention. Beginning from a start state, the process 520

25 proceeds to process block 522, where it examines the operand 312 of the instruction



I nval i dated. 24, The nmethod of C aim 26, wherein in the portion of t
starting address contains a plurality of nost significant bits of t JAN 2003
“starting address, and wherein in 0 7 JAN 2003 -21 the predeterm ned B
nunber of bit positions represent the nunber of |east significant bits of
the starting address 25 , The nethod_oﬂl§lain124, wherein the predeterm ned
portion of the plurality of cache lines is a page in the cache nenory. 26.
~~ conput er-i npl enment ed nmet hod, conprising: a) decoding a. single

i nstruction of a processor instruction set; b) in response; to said [step
of ] decoding the single instruction, obtaining a Mdtion of a starting

address 04 8r b6 S&lelRHByae caﬁgﬁxg.;}f sﬁteﬁ?@@td@é@fdm‘éﬁh@m&ggé RBatid 8l Bre

i nstructuion will be pérforne ading a portion of an address contai ned
in a storagep repesdriting thpenodt isgshificani béts df cloel e rtings dddrets ofntheand c)

conpl eting execution of said single instruction by copying data in the

pr edet er nfafeefpapdmgoipesatione FemprogessridOghen Png:eemtocm'ﬁ@d%ﬂ@ﬂka’iMnWé\eSﬁt or age
area separate. f f_ . Caim?29, wherein c)

conpri ses‘t§8"trﬁv:‘1'§ E‘plfwﬁﬂ?clg‘i’cﬁr}gseg‘l%t‘m%(rz%ie Fééﬁéi%&ﬁ%’er{t g?tgr? the SaERE ‘f‘ﬁ‘?’f@ﬁf area of
CaE eTRk e TR e TR O e LT AR LR R B 1 1
526, where it shifts the retrieved value by a predetermined number of bits. In one
embodiment, the predetermined number represents the number of Jeast significant
bits in the starting address. Next, the process 520 determines the cache segment
affected by the operation or the instruction 64 or 66, as shown in process block 528.
10 In one embodiment, the cache segment is a page. In alternate embodiments the
cache segment may be any predetermined portion of the cache. The process 520 then
proceeds to process block 530, where it flushes the contents of the cache segment to
the storage device specified. The process 520 then proceeds to decision block 530,
where it queries if the instruction received corresponding to the operation is a
15 FLUSH or a FLUSH and INVALIDATE instruction. If the instruction is a FLUSH,
the process 520 terminates. If the instruction is a FLUSH and INVALIDATE
instruction, the process 520 proceeds to process block 534, where it invalidates the
data in the corresponding cache segment beginning at the starting address specified.

In one embodiment, this is performed by setting the invalid bit corresponding to

20 each cache line in the cache segment. The process 520 then terminates.

The use of the present invention thus enhances system performance by
providing an invalidate instruction and/or a flush instruction for invalidating
and/or flushing data in any predetermined portion of the cache memory. For cases
where consistency between the cache and main memory are maintained by software,

25 system performance is enhanced, since flushing only the affected portions of cache is

more efficient and flexible than flushing the entire cache. In addition, system



0 7 JAN~2003 -22 positions to obtain the starting address of the caﬁge Iilﬂ[ﬁ
in which data is to be invalidated. 29. The nethod of Caim3l, whe ivH\Ni
“the portion of the starting address contains a plurality of nost )
significant bits of the starting address, and wherein in the predeterm ned
nunber of bit positions represent the junrber of |east significant bits of

the starting address. 30. . '"the nethod of Caim?29, wherein the
predeterm ned portion of the plurality of cache lines is a page in the
cache nmenory. 31. _ The nethod of Claim 29, further conprises: d)

cache_mem T ! ther ¢ d
cache |1 ngatpkRindtahinecuPhaUREal MG RAHY O Il Rrobrbiah Mol 5 g

the data bQrhRElafhPARYS REER thdk a AcKORRILISE die@AAP BePRRAfl@hUgnd /or
conprising: a conputer-readabl e nediumthat stores an instruction which

when execitwdidaye a mEmoysegiorcasisgsa singld ipstocermoihstead of Havihgl\alp(Be- 23
a decode a single instruction of a processor instruction set; b in response
t o decodi Aede 16 tBe AYnpules Sy Ftary hongebthei sizeofporachedingf a starting address

of a predeterm ned areas of a cache nenory on which the single instruction

Focati an speci P 3 RoRodenBalihbahs Feefas et T EORMPUPE B B 57°
sai d si nghednishliy ot Bmild i¥yaih et | ROadiBtiBn, Whilb&he invention has been
described in terms of several embodiments, those skilled in the art will recognize
that the invention is not limited to the embodiments described. The method and
apparatus of the invention can be practiced with modification and alteration within

10  the spirit and scope of the appended claims. The description is thus to be regarded as

illustrative instead of limiting on the invention.



predeterm ned area of cache nenory. 33. . A conputer-readabl e appamﬁﬁ
.conprising: a conputer-readable nmediumthat stores an instruction gHAN2%3
when executed by a processor causes said processor to: a decode a single
instruction of a processor instruction set; b in response to said decoding
the single instruction, obtain a potion of a starting address of a
predeterm ned area of a cache nenDrCEAh@glch the single instruction wll
be perfornmed by reading a portion of dress contained in a storage

| ocation specified in the decoded instruction and conpl ete execution of
said single instruction by copying datin the predetermn ned area of cache
menory and storing the copied data in a storage area separate fromthe
cache netory. 34. . Kmmmﬁm@ayﬂhﬂ%oﬁfnﬁiﬁjn136 wherein the instruction -
further causes the processor to: invalidate the data in the predeterm ned

portion of theg R Ah: h%ﬁgﬁghﬁaﬁty fahbé‘hﬁé%%ﬁ’c%%}ﬁ% §t8x%8lﬂ¥t'a”9 the

i nstruction, upon copyl e storage ar JAN 2003 -24
35. A conputer stem conpri si C menory having a plurality of
cache |ines e%é%ﬁfe A 1@ ozt Bp%goﬂﬁ'ﬁ%@a na‘:‘estor age area to store a data
operand; and an executiaon unit coupled to said storage area to operate on
data el ement sap xesytion Wit eovpfrdrta stid isgease |at69|1¢1gpeaatm@gatd@¥mabl ip spidrtladr  or
physi cal address |dent|fy|ng a predeternlned portion of the plurality of
cache |ines to invapéraiat @nthaming Hoe ctd u:mmhaadopomhdmadmhlnbe
plurality of cache lines in response to receiving a single cache control
instruction of a ppedessaned patiowof ihe plusaity of dachelintgherespailie tepotivilg a
cinstruction including a reference to the data operand.

single instruction of a processor instruction set.

2. ' The computer system of Claim 1, wherein the data operand is a register

location.

3. ‘ The computer system of Claim 1, wherein the portion of the starting

address includes a plurality of most significant bits of the starting address.

4, » The computer system of Claim 4, wherein execution unit shifts the data
elements by a predetermined number of bit positions to obtain the starting address of the

cache line in which data is to be invalidated,

5. The computer system of Claim 1, wherein the predetermined portion of the

plurality of cache lines is a page in the cache memory.

6. A computer system comprising:



36. The conputer systemof C aim 38, wherein the data operand is a register
| ocation. 37. The conputer systemof C aim 38, wherein the portion of7t/Ag 200
starting address includes a plurality of nost significant bits of the
starting, address. 38. The conputer system of C aim40, wherein execution -
unit shifts the data el ements by a predeterm ned nunber of bit positions to
obtain the starting address of the cache line in which data. is to be
invalidated. 39. The conputer systegyof C aim38, wherein the predeternned
portion of the plurality of cache lines is a page in the cache nenory.
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starting address of the cache line in which data is to be copied.

10. " The computer system of Claim 7, wherein the predetermined portion of the

plurality of cache lines is a page in the cache memory.
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11. . The computer system of Claim 7, wherein the execution unit further

invalidates data in the predetermined portion of the plurality of cache lines in response to

receiving the single instruction, upon copying the data to the first storage area.

12. A processor comprising:
a decoder configured to decode instructions, and
a circuit coupled to said decoder, said circuit in response to a single decoded instruction
being configured to:

read a portion of an address located in a register specified in the decoded

Instruction of a processor instruction set to obtain a starting address of a

predetermined area of a cache memory on which the instruction will be
performed:

invalidate in the predetermined area of cache memory.

13. _ The processor of Claim 13, where in the portion of an address

includes a plurality of most significant bits of the starting address.

14. The processor of Claim 15, wherein the circuit shifts the °

portion of an address by predetermined number of bits positions to obtain the starting

address of the cache line in which data is to be invalidated.

15. The processor of Claim 13, wherein the predetemmined portion of the
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16. processor comprising:

2 decoder configured to decode instructions, and
a circuit coupled to said decoder, said circuit in response to a single decoded instruction

of a processor instruction set being configured to:

read a portion of an address located in a register specified in the decoded

instruction to obtain a starting address of a predetermined area of a cache
memory on which the instruction will be performed;
copy data in the predetermined area of cache memory;

store the coupled data in storage area separate from the cache memory.

17. The processor of Claim 18, wherein the portion of an address

includes a plurality of most significant bits of the starting address.

18. The processor of Claim 20, wherein the circuit shifts the

portion of an address by a predetermined number of bit positions to obtain the starting

address of the cache line in which data is to be copied.

19. The processor of Claim 20, wherein the predetermined portion of the

plurality of cache lines is a page in the cache memory.

20, * The processor of Claim 20, wherein said circuit further invalidates the data
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a) decoding a single instruction  of a processor instruction set;

b) in response to said - decoding the single instruction, obtaining a portion of a
starting address of a predetermined areas of a cache memory on which the single

instruction will be performed by reading a portion of an address contained in a

storage location specified in the decoded instruction; and

¢) completing execution of said single instruction by invalidating data in the

predetermined area of cache memory.
22. The method of Claim 24, wherein ¢) comprises setting an invalid bit

corresponding to the predetermined area of cache memory.

23. The method of Claim 24, wherein b) comprises:

shifting the portion of the starting address by the predetermined number of bit
positions to obtain the starting address of the cache line in which data is to be

invalidated.

24. The method of Claim 26, wherein in the portion of the starting address

contains a plurality of most significant bits of the starting address, and wherein in
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n, ooopppppz[ PE: 104 he method of Claim 24, wherein the predetermined portion of the plurality

of cache lines is a page in the cache memory.

26. A computer-implemented method, comprising:

a) decoding a single instruction of a processor instruction set;

b) in response to said [step of] decoding the single instruction, obtaining a potion of a
starting address of a predetermined area of a cache memory on which the single

instruction will be performed by reading a portion of an address contained in a

storage location specified in the decoded instruction; and

¢) completing execution of said single instruction by copying data in the predetermined
area of cache memory and storing the copied data in a storage area separate from

the cache memory.

27. The method of Claim 29, wherein ¢) comprises setting an invalid bit .

corresponding to the predetermined area of cache memory.

28. The method of Claim 29, wherein b) comprises:

shifting the portion of the starting address by a predetermined number of bit
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29. The method of Claim 31, wherein in the portion of the starting address
contains a plurality of most significant bits of the slarting address, and wherein in
the predetermined number of bit positions represent the number of least significant bits of

the starting address.

30. _ The method of Claim 29, wherein the predetermined portion of the plurality

of cache lines is a page in the cache memory.

31. . The method of Claim 29, further comprises:
d) invalidating the data in the predetermined portion of the plurality of cache lines in
response to receiving the single instruction, upon copying the data to the storage

area.

32. A computer-readable apparatus, comprising: -
a computer-readable medium that stores an instruction which when executed by a

processor causes said processor to:
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instruction will be performed by reading a portion of an address contained

in a storage location specified in the decoded instruction; and
c) complete execution of said single instruction by invalidating data in the
predetermined area of cache memory.

33. . A computer-readable apparatus comprising:
a computer-readable medium that stores an instruction which when executed by a
processor causes said processor to:

-a) decode a single instruction of a processor instruction set;

b) in response to said decoding the single instruction, obtain a potion of a starting
address of a predetermined area of a cache memory on which the single

instruction will be performed by reading a portion of an address contained

in a storage location specified in the decoded instruction; and

c) complete execution of said single instruction by copving data in the

predetermined area of cache memory and storing the copied data in a

slorage area separate from the cache memory.

34, _ The apparatus of Claim 36, wherein the instruction further causes the
processor to:
invalidate the dala in the predetermined portion of the plurality of cache lines in response

to receiving the instruction, upon copying the data to the storage area.
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a storage area to store a data operand; and
an execution unit coupled to said storage area to operate on dala elements in said data
operand identifying a user-definable linear or physical address identifying a
predetermined portion of the plurality of cache lines to invalidate data in the
predetermined portion of the plurality of cache lines in response to receiving a

single cache control instruction of a processor instruction set, the single cache

control instruction including a reference to the data operand.
36. The computer system of Claim 38, wherein the data operand is a register location.

37. The computer system of Claim 38, wherein the portion of the starting address

includes a plurality of most significant bitls of the starting address.

38. The computer system of Claim 40, wherein execution unit shifts the data elements
by a predetermined number of bit positions to obtain the starting address of the cache line

i which data is to be invalidated.

39. The computer system of Claim 38, wherein the predetermined portion of

the plurality of cache lines is a page in the cache memory.



