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BACKGRQJND G: THE INVENTION 1. Field of the Invention The present
d-nvention relates in general to the field of conputer systens,

Description of the Related Art The use of a cache menory with aﬂﬂmmmuwwu ”"“"l
facilitates the reduction of nenory aedess tinme. The fundanent al
cache organi zation is that by keeping the nost frequently accessed

i nstr uctACHE @%Ldﬁtl@N WYODAREE IRSTRUEFIORROrY, the average meno

access tinme w Il approach the access tine of the cache. To achwujﬁm‘mm "mm
optimal tradeoffs between cache size and_performan t ypi cal

i npl enment a cache hi erar@-mmwm of cache nermioy+ The
different | evels of cache correspond to different distances fromthe
processor CO?%; 1Ttgethg;g 85! %?e cache is to the processor, the faster the
dat a access cl oser the cache is to the processor, the nore
costly it is to inpl errent As a result, the closer the cache level, the
faster and sTRé lREsdnlBeneani relites Bek E@émmeh@hemagh@xﬂptrwrysylsﬁerﬁi egient |y
measured in terms of its hit ratio. \%hen t he processor refers’to nenory and
finds trepdaiaulam totas aggEretusidnd mesteod! fdropjovidingeinastrictions whidrefatditatd s
not found in cache, then it is in main nenory and is 20 counted as a m ss.
If &5 ni the eartelsof cashe asnessks wiulei minimyzimgoesche podkutiont ry i ndexed by t he
address of the access. The access can be for |oading data to the processor
or storzng dﬁta fromtEg géo]cesigr to menory. The cached information is
retaine a Lit is no | onger needed, nade invalid or
repl aced by ot her data, in which instances the cache entry is de-all ocated.

0 parti cul afpe LG BF 2 ARPRE AeiRod WidlIE DRAIRE (LRI B LRSLAUELEONS whi ch

facilitate 5 the control cache acce e mnimzing cache

pol luti Qﬁemorﬁ adcebs thre.~Thé fundaef RIPAELH Cicht VFpdraYatidn id #at Bye or nore

| evel s of cache nmenory. Allocation and de-allocation schenes inpl enented
for the keepireg fer moat fregeertijoastessedpinsenctiorst 2md datacingbedestl daghsi mi | ar in
practice. Ceneral practice has been to allocate an entry in the cache for
al1l@ccasemery cfigi avesa gy memorgraseess e Witlcapripragl $he arcasastime ofrtbli t ect ur es

speci fy re-use of accessed data noti on ,of .rel eyant, cache hierarch
el ) fhend To dep i Rt R PR e iaen RauRL e R He R T aReRge o Lhis

appr Oachc Fcai B?{?}cesgbrgqg&ﬁ%rge#p% Eé‘é}m%ﬁf'{era%‘i)h%g dgzgi?fgébﬁntr %ﬁ/gf’ssucc%glag nce and

not reuse are € at a,
typi cal Imeﬁ%wemsmm&r&qams 3k c Q@Heaqor%é%feﬁartwaﬁf@réi@t@st&ﬁ@és frdmugd
frequently (i.e., tenporal data) such as 10 application-cached code and
data, wheocesaoheorseThe/closerfthé lcache i0 t& tHe\PrdaEkdr, the faster the data access.

l66l66"‘

15 However, the closer the cache is to the processor, the more costly it is to implement.

As a result, the closer the cache level, the faster and smaller the cache.

The performance of cache memory is frequently measured in terms of its hit
ratio. When the processor refers to memory and finds the data in its cache, it is said
to produce a hit. If the data is not found in cache, then it is in main memory and is

20  counted as a miss. If a miss occurs, then an allocation is made at the entry indexed
by the address of the access. The access can be for loading data to the processor or
storing data from the processor to memory. The cached information is retained by
the cache memory until it is no longer needed, made invalid or replaced by other

data, in which instances the cache entry is de-allocated.



-3 A .conputer system and method for providing cache menory managemBnd JiN 70303
di scl osed. The conputer system conprises a main nenory having a plurality
of main nenory addresses each having a corresponding data entry, and a
processor 5 coupled to the nmain nenory. At |east one cache nenory is
coupled to the processor. The at |east.gne cache nenory has a cache
directory with a plurality of addresses and a cache controller having a
plurality of data entries corresponding to the plurality of addresses. The
processor rechioasparr ispstenuatayoatihzy bng oamarpdeasid ciddeies snandrydet er mi nes
if the operand address matches one of the plurality of 10 addresses in the
cache di AUEEHISN angd devalleqrsiory sheswsrimplementedafatatha aahe yfor natihes kache
controller corresponding to tg mat ched address, Otherwi se, a data entry
corr espoWR@te{réy?tﬁg‘soﬂ rEET ﬁ’d?%&afilﬂ PrActictai reHERLE [ACtise higsldeerito 0 3
J~. ~~ ~~3 . | PTI OF . THE DRAW NGS ,The ;invention is il ] ustrated
by way o;fllﬁje‘:>%<§arr%}Il g{‘:"gn%g n%tca‘ffll%n\kof At a&ﬁ?ss?ﬁwreﬂﬁérefi;%u%f?mlfﬁ@@r'r EYEPEHRElY,

i ndi cat eqshdf | - t ol ' tar r 0 ter

Syst om | B o e s ec, B b lcelal 1N Ao SRR Y TR Sane

i 'l ustr ahesareRg l@rbodhaery, alfackdiBedhBadll ZaledORalacRE " %CHH%@vﬁ’lfxtaﬁe SRERE
menory e.g., LO, L1 and/or L2 according to one enbodi nent of the invention.
Fi gur e 3approash isathes inmerteimbivdtamens, ceftatrhéathds meferaricetiithc@aiien®0fegbd On
avoi dance instruction 165 provided according to one enbodi nent of the

i nvent i o thegmediptasfutarainkt iaBot desisablater surh dater ipicailyoferiied asaudre

poIIutio% avoifgqpe instructign accqrdiq& to one enbodi nent of the
i nvent i off HYar 82510 Qherveite datathatis aised fregyertly i(on tempora! datmsugblasut i on

avoi gance. | : ' rding.to an al ternate enbeodi ment of the
velt ofpR RAbbHELR BEEEREAR B Al B RRE S i fbodi ment of ¢ he
process of the 15 present invention. D3 J~~d ~~~3 -5DETAILED

DESCRI PTION OF THE I NVENTION In the foll owi ng description, numerous
specific details are set forth to provide a thorough understandi ng of the
i nvention. However, it is understood that the invention may be practiced
W t hout these specific details. In other instances, well s known circuits,
structures 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.
Conmput er system 100 conprises a processor 105, a storage device 110, and a
bus 115. The processor 105 is 10 coupled to the storage device 110 by the
bus 115. The storage device 110 represents



A
one or nore nechanisns for storing data. For exanple, the storage ALéié%ﬂ 2003
110 ‘'may include read only nenory {ROM, random access nenory (RAM,
.hagnetic di sk storage nediuns, optical storage nediuns, flash nenory

devi ces and/or other machi ne readabl e nmediuns. In addition, a nunber of

user input/output devices, 15 such as. a.keyboard 120 and a display 125, are
al so coupled to the bus 115. The processor 105 represents a central
processing unit of any type of architecture, such as nufti-threaded Cl SC

RI SC, VLIW or hybrid arBRIEFeslUNNMA FAOHE DVENTEODS ocessor 105 coul d be
i npl enented on one or nore chips. The storage device 110 represents one or
nore mechani snms for storing data. For exanple, the storage device 110 may
20 incl ude rdadompuensyate FrPROMethodifetoprcaidiegscaghaongmORAN)anagagweet i

di sk stonaqe nmedi unms, optical storage nediuns, flash nenory devices, and/or
ot her MetRTAREY cADBEPEPIYERN HffEeM TREIIRSS 212 NePeBNEHA VoRg AR UFdiE Huses
(e.g., AGP].,n PCl IS@E X- Bus 1}\:ESAh etc.% and briﬁggs galsodterned as bus
cont r ol 1A REFIBY AFCS B 63 HEAY B (UESPPREES AT A ST SR DPE S| e
processo &Bm in a
nuftﬁ-pf%g g%g§5§%#%ﬁ?2r Sy%5§ﬁ$§kh8¥§ﬂ%@%@e%ﬂ%@ggg%iﬁﬂggg???gﬁgtO ot her
devi ces,prRR&ssof. THé &t ng‘asgao@@t:mekm&%%? fad Y cRérRadizaabripvaited phigaahysf 131,

a fax/modem 132, a digitizing unit 133, a sound unit 134, and a graphics

uni t 13%adirysseptandriatdcheenaolipt Raving dplardlity offiataehimeskeotidpandirfgary nodem
132 represent one or nore network connections for transmtting data over a
5 machi niberpdutrdlly of eeddiresses. dhe pracasser reqeives pn iM$teuetiqri havinggrupperangds

ey o RAdres 2 SRR (he 9BarR LA e B Aishes B ot S FlurakiBeoT or
oy i Gre i e i 6 Bk IR B S e profs R HRAEY A SRR I FRYREN ces
for genes@lidig: %agegwggg -Lgee \rﬁagéﬁe@‘%cfc&-egs@r@herﬁ'iﬂ;' raeaa!thikn?I SO

illustrates that th ce 11 as stored therein data 136 and

sof t war ecokdebpoRiaing thitheriresgntdréialia thé {8l mémongeisoipdaxed. of the formats
descri bed herein. Software 137 represent the necessary code far performng
any and/or all of the techniques described with reference to Figures 2, and
4-6. O course, the storage device 110 preferably contains additional
software (not shown), which is not 15 necessary to understanding the
invention. Figure 1 additionally illustrates that the processor 105

i ncl udes decode unit 140, a set of registers 141, and execution unit 142,
and an internal bus 143 for executing instructions. The processor 105
further includes two internal cache nenories, a level 0 (LO} cache nenory
which is coupled to the execution unit 142, 20 and a level 1 (L1) cache
menory, which is coupled to the LO cache. An external cache nenory, i.e., a
| evel 2 (L2) cache nenory 172, is coupled to bus 11S via a cache controller
170. The actual placenent of the various cache nenories is a design choice
or may be dictated by the processor architecture. Thus, it is appreciated
that the LI cache could be placed external to the processor 105 In
alternate 25 enbodinents, nore or |less |evels of cache (other than L1 and
L2) may be inpl enented. 0 3J~.~~LG3 O course, the processor 105
contains additional circuitry, which is not necessary to understanding the
i nvention. The decode unit 140, registers 141 and execution unit 142 are
coupl ed together by internal bus 143. The decode unit 140 is




used for decoding instructions received by processor 105 into contnr%ljl‘{"i\I 2603
signals and /or 5 mcro code entry points. In response to these control
«signals and /or mcro code entry points, the execution unit 142 perfornmns
t he appropriate operations. The decode unit 140 may be inpl enmented using
any nunber of different nmechanisns (e-g.-, a | ook-up table, a hardware
i npl enentation, a PLA etc.). Wile the decoding of the various
instructions is represented hereln by a series of if / then statenents, it
10 is understood that tHRIEE G A WINGHbes not require a
serial processing of these |f/then statenents. Rather, any mechani smfor
| ogically performng this if/then processing is conS|dered to be within the
scope of theThapheerginmais dlustfatachbyiwasenf poampEhendevgdenitation,lidOthes shown
|nclud|ng a fetchln? unit 150 which fetches 15 instructions, and an
i nst r uctfigones eLikeeBIFIgRCH Eigr i shgilepelemenshs on data. In one embodi nent,
the instruction set 160 includes a cache pollution avoidance instruction
165 providedn r ewthth resen i nv ntlon s,of the
cache pol | ut iF‘b%u avo’?1 gﬁrggesia s%’?%?ﬁ QQBEY ‘T*fc?yﬁ uf‘ﬁémfxdlang% Mg one
i nst UCte'n%'@dm?enl?Ycifech@Hﬁ'@eMlbhe i nstructions) (such as MASKMOVQ), a nove 64
blts non tenporal 20 instructions) (such as MOWNTQ, and a nove aligned
four packed single-floating point (FP) non tenporal instructions) (such as
MOVNTPS) . A twiﬁermsmsmsésrm embotijthentodf thepphnizasonavstrhi@uttsbg caciask
pattern. A mask pattern indicates the bit position at which a wite can be
per f or nedempry esge ldhbddindiar Lhacw@rdingrtoewpoendbodioners ofrthednyerdk) and a
1" corresponds to a wite (unmask). 25 Therefore, a nask pattern of
00100100 al | o the bit positi a whi | ot bi t
posi tions ar ‘3’?&§k§eg1“5fgﬁatteﬁ%e RIRSRAA ﬂgqﬁ(ﬁ’ﬁﬁ’@ of the gache hlu—“%“ g_
i nstruct [ e r
| nst ruce SR datRR 15 B?@ggﬁt%ﬁéfﬁqﬁé % e BtV e
menory | ocation specified and the MOVNTQ |nstruction noves 64-bits
reprigsenti ng Fifi:egen aREuUBNUsira@Mha sREhE620f tite BRIFRI Yollutivh MMNERE
instruction is applicable to 5 packed floating point data, in which the
resul t s inftractiapecatrding ebvne embodinset ©f ahe invdreicn.havi ng a predet er m ned
nunber of bits) are stored in a register having the same predetern ned

nunber of bits, i.e., the_size or onflguratl n of erand i s the sane
as that of t%&?@%gﬁ %Spslt“éﬁstm%%ee"%?’é%ﬁ %Ct}ﬁcﬂ’qc’i Hhageidsraaince

instruct.ion, are_des rlb d_faor artlc nd anmount of data,
al t er natB TR ALHCREHIE cﬁﬂ aéﬁﬁ‘b% eqﬂﬁ%cf gﬁge lﬂ}é/%)&b%br ate on different
types and ampunts of data In addition to the cache pollution avoi dance
instructi OnS)F1§4ﬁ5)6 Bré)HSWéHErtjigﬁst‘iilﬂn% Rek léﬁ%bd%ﬁiﬂeh%t ERCHESURSs 8N EHeor
instructions simlar to or the sane hose found in existing general

pur Aése preserasisveatiokor exanpl e, in one enbodi nent the 15 processor 105
supports an instruction set which is conpatible with the Intel Architecture
instruction set used by existing processors, such as the Pentiunil
processor. Alternative enbodi nents of the invention may contain nore or

|l ess, as well as different instructions and still utilize the teachings of
the invention. The registers 141 represent a storage are on processor 105
for storing 20 information, such as control/status information, scalar
and/ or 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 term data processing systemis used herein to refer to
any machine for processing data, including the conputer




EE] o
25 systens(s) described with reference to Figure 1. ~3 ~ ~"d tq~3l JH.Ngimg
Figure 2 illustrates one enbodi nent of the organizational structure of a
«cache nenory e.g., LO, L1 and/or L2. For present discussion purposes, the
‘cache nenory LO, L1 and/or L2 will be referred to as cache nenory 200.

Cache menory 200 conprises a cache diregtory 210 and a plurality of cache
entries 2201-220n 5 (collectively referred to as cache entries 220). The
cache directory 21d sporas onbpEaRiiH A AAPLESAPSERARP12n of the memory
| ocations in storage G&viCe€ 110, coOrrespondiTg to tne cache entries
2201-220n. These nmenory | ocations in storage device 110 have addresses
2301-230n. Filguhe fSlloWinislétipsioANRueHIOq BBdtifiOlefag rosaRiore td E?oﬂa@he

pol lution IO avoi dance instruction 165 provided in accordance with the
present 4 evedtphrundehstandicizeofpiblel inveatioRv Haolenee, itnstundetrstond|fat ganpri ses
an operational code (OP CODE) 310 which identifies the operation of the
cache pdhiventiom mayobe arassiced srithmitti thesd §feciftmdetailo pén atkieraingtanhes hwell-
specifies the address of the data object that the instruction 165 will be
oper & i NN CHIFUBE Tudheres Raer eehmiguen fape 8ot heen fUeWR Bndetad ingrdens

term nol o st betkt‘mder s&.ood in reference to the cache pollution

avoi danc’é‘ge chrcdie ' eriY  PHe8ent i nvention operates within the franmework
wherein the particular data being accessed will have (or not have) tenporal

locality. Tef’mﬁ{éﬁé1klﬂsﬁ+£téyﬁéééfﬁ%oa%éhpﬁéf§c n?%?«%zfs;}%@eﬂﬁ"iltob Waig and

determ ned by w soon Int uture a progra access the data. Thus,
for eachinfislemepad tHRr Printibiesdsit the FPgsetRvievéRtide MIRhebutep costelry 1¢07) or not
have tenporal locality (NT) with respect to a cache nmenory or a cache | evel
i'n the ceorhprisdser prockssor LOB, Ri yomage Heviderlde, drel/e@bss d15.cAbhgrotassar Wiyisar e
shown (representing levels LO, L1 and L2), wherein at each |level there are
two Posseannled tethersiprage deviceyilAdyt the kustldSpdnestaraserayicaddB sepmgsenthe

I ificati ted 1) t | (T); d 25, t | (NT).
The ol actit PEARIBReGADRRIEY T hE At { I TE P b SRR 48T LHemaY0 5
J~~ i ~~9 I j at.ed,.t:hat
three | R LR bRl HRBoll ROMY B Sh 1a bty (RABEP SRRERLEINT e
MOr e Or 4188 eCRACHRINME WtRal E@Ea@xﬁa@m&ns,fﬂ%‘sh%(@é%ﬁ deR¥RD tinly of Quh&l be

practiced wiere theré i's only ohe cache level (LOonly) or where there are
only twomaahine reedable nfdduand Inljdditionhenentidiesf aisat énputfoutputdedcesache

| evels. In the practice of the invention, the tenporal grope[ti/_bigs

assob at sthvistahkeybperd d2randa displpy 33230 rlse@supled tadhebus 18%.0 or saved.
Accordingly, the tenporal property is assocjated with the,yse or re-use of
data at BFOGPFER T3 Geresarsy 2 SRBAR) BTOCPFSing Al Saow dypast AT PUteCBIR: $uht e

500 hor it FEtaEh SsERIE M o RERAS arlifligedues” th 4T b lrBeRBE D
SO near igy écll?ﬁd fodtib; ezjn@ntteﬁeorl-ggé ¢ rh%re;r §.eTROcRra sl abRRe QIere%%‘ééﬁtgon

the data wll be us or re-used is application depehdent for a rticul ar

conput erorse/6# fivréffechohisnirfor MBeRgthdta. FOEeS&mple, LROStO devide 210 agyt ven
cache level, it will likely be re-used (assum ng no branches taken, etc.)

wi t Rt aincbrdeajeadtdniy oieraory (ROM)1 Saredamyicesss wherhory Ralhberagrietic disk
instructions) in_the near future. Where data access js regarded as NI at a
gi ven | e¥tragej medjums, |opkise) stameepmedsimacliipsh MBTRTY e VisacrR{ €1 o 8e frane.

Thus, the noted t oral.criteria can, be set based on the action r ired
of the dAPE T ETRRGHIEMIYITEnd T BECh TR SHE DR pPoIUEL FE (S8 &de i n
whi ch PCI, ISA, X-Bus, VESA, etc.) and bridges (also termed as bus controllers). While this

embodiment is described in relation to a single processor computer system, the

25 invention could be implemented in a multi-processor computer system.
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20 cache pollution avoi dance can be inplenented at the cache nenory or at
each cache hierarchy | evel depending on the attributes associated wth the
‘data at a particular level. In particular, by using the cache pollution
. avoi dance instruction 165 to process data, the programmer is indicating
that the associ ated data does not havegtenporal locality, i.e., the
associ ated data is non-tenporal. The associated data 25 is then processed
according to the cache pollution avoidance instruction 165 used. 03

J~~d ~d0~ - 1In FHd#ion k- AtessieVifes ANMOIT@aHeE 2 CERVBES btk adl VirerAfast one, or
th . of t t i i | ahl.e at f th levels. |
PR L T e At i L R e Yt AR R ELCR IO SRR

I : | e | | di i Th
oboar merEoRcs U 3 ap ondBRE)y BY Sple llo At B8TITHE (MRRAITA g I L
respect Q4 ﬁsgg:\%p?eéeﬁv%e&nﬁo?ﬁ%m' d e O Y R AR Hah RLQUE, &f 5 t he

i nvention w be descri bed. on receiving the cache polfution

avoi gangRadHifé rebdabime@a (4.5 c8atdien N dsRCTRE WiZiHRirgf ukiadbB refeeE s 2@ i S
first polled to determne if the address specified in the operand 312
mat ches comeord déteesafitrdgipins imeages (ir., tahewanneh eamiere ety yTRd Soudd usir,
there is _a cache hit, and the correspondi ng data object (i.e., contents of
t he cacH&4FERBISGNEAEIDBINIR H§Vices foreinpudties sad/ epekiPutiéng spunhée.gper and)
is updated. 1n one enhodi nent where different | evels of cache , ries are
used, fOPERBIISS: SE%Tf(eﬁ,mig,‘en&n?ath‘%@H@' FE\'e/)ele'l-lberg ’iso‘r%‘iqﬁ i on of

the cache  (RONCI &% & &obodal Rl hetllAl 480 RaLB.C0ROd IR, ROSNeble: |

correspon a obj ect In cacheenenory and | y are’up

b the qdﬂgsmsgp&a &iﬁ@m Qtotrs% QPERART) RiLsERRS tHEObin MBS N3 BN QbriVaSe

addresses stored in the cache directory 210, there is a cache mss. In this

case, there D#arngéeapiecentstatd sidred in ene ot htoref s puratiitn destaibaddiyreet in
storage device 110 wll not be "D transferred into the cache nenory 210. By
not per fSofrwarg 3R prasknts thaaetedshry cdde for pecfosming ety and/ osalbof kg i ng t he
cache. Figures 4. A and 4B illustrate _the oge;r%i ondgg t he cache pollution
avoi dandecirHares eesHRed Mgk arfBEEncs e FagwinhadieAt: IF! 19rEss ADRAIOFREE i n whi ch

there is;a.c hi.t . on receivi. t.he .cach ol.l ution .avoi dance

i nst ructq%"ﬁcei‘ggf?ref?fébggﬁ%gamsoaaglg&lﬂl s%%re?ﬁ‘gt '}O&é@t gvr}i} }Qisomgtf cache
e oy ' Qh| det G Jehiibpe address, e.g., address X)
spggjisgi gr%%iegnﬁt ebé'ggjretéﬁa 31 mn%%cﬁégtogne of the address stored in the
cache directory 210. If the cache nenory 200 is an internal cache nenory,

i.e., a LO orFigdrechadéitiveially)illustretep thaethe Proddiborct0ddinchuslet iecpdd Lihitg. | f
the cache nenory 200 is 5 an external cache nenory, e.g., L2 cache nenory,
pol | i ng 149, a setdefcregistery ltheandhexgrution unit 142, and an internal bus 143 for

executing instructions. The processor 105 further includes two internal cache
memories, a level 0 (LO) cache memory which is coupled to the execution unit 142,
20 and alevel 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
choice or may be dictated by the processor architecture. Thus, it is appreciated that

the L1 cache could be placed external to the processor 105. In alternate

D
wn

embodiments, more or less levels of cache (other than L1 and L2) may be

implemented.



£ n
controller. In one enbodi nent, a conparator 410 conpares the addregsaxlf‘*'d 2003
specified in the operand 312' to determne if it nmatches one of the
addresses 2121-212n stored in cache directory 210 (Figure 4A). In the
‘present case, there is an address match, indicating that there is a cache
hit, and the conparator 400 issues a firrst signal to the ! 0 cache line
fill logic 420, which determnes if a signal should be sent to either the

d bj di h dd S. i i
Lo both the daf sobmeette BIHRRdD ORIt ars Bopshr AREAP I REEY o 1104
In stor aggcquavﬂplgt)% Jﬂt@er%ﬁgﬁﬂ?@ﬁ?e ifen Qﬁ.aggl@! c?éEBd%Ju%’fl‘t AL OFistk10441 Ingat a

required signha are sued and updating of the correspondi ng

obj ect 2324 @Re/Hit 14P4rd ouned esgeRNer( By tHiemadBlis 145, Fhede@sdSAnanibB
illustrate the operation of the cache pollution avoidance instruction

accor di ngséd fandetotg aiserietibasreceivedoby phecessvreidbiinto ¢ontyélisigndlbhand /bs
cache m ss. Upon recelving the cache pollution avoi dance instruction |65",

t he c@chenidior esteoanitr poirgs. dmcerpomserty yhes@@onopesigheals ard /detmicnd medef t he
address, e.g., address Y, specified in the operand 312" matches one of the
addr ess SRBY RPN, threexsrusigprtnitl topedpyme the appropijate eperationshel konpar at or
410 conpares,the, ress,Y specified in the operand " to determine if it
mat ches' GRS Uil A arELed B e s, Sng By T BaL AL oot B TOTBRER ur e
5A). In LS JU g y opgna 3127 not

mat ch an&gén3q§$ﬁ%ﬁgﬂggggg§§§gmgigﬁﬁg%éﬁﬁg?%gééﬁgﬁ’Pﬁg'gg@%é%gf?%% %?1 210.
As a resgfthe {GokPIRBARTBRs 4LELDrEsHes] Ae@C Bt SdriRalf iF AhbAGtAeneAEE: | | ne
fill logic 420, indicating that 'there is a cathe mss. In response, the
cachel! i feufdérstdodgittat ithe erscurivnyofears irgtaictibn ddes not cequiee deseriak 110 to
update the contents of D3 J~rJ e0O3 |3 address Y. However, a cache

| i ne fil processing qfehese ifétheni statementtes Rethesspundieshaniamafarlogiceyect 1105
in storage device 110 will not bhe transferred into the cache menory 210.
The cach®eHeRBINg this if/feernPrRcessingas ARNsidRradtto Agdwithinmthe ssopPe @fdle by t he
nontenporalldat .2 In g&f.qugdinent, t he cache pol | ution avoi dance

i nst ruct FORSFBENRECR QEIRS {NEFH® G instruction. That is, when processing a
plurality of the cache pollution avoi dance instructions 165, the execution
of the plural rhy Rtc4aGRe 110!k ¥hbn i%Hidiﬁ’?%efetcR%g' Ut IGOSVRIR fBRthes
performed in the sane order as they are fetched by the fetching unit in the
decod®r . indinafionk ! fidahdnebetiregtt160tfbe peffohtiridopeadatiohs on datal dange
instruction 165 has the property of wite collapsing, whereby when

execut i ngmbwdimesf, tbe sheregidrosatiélsiankidas dr ésbe podliuyionravdidancest ore wil |
be visible on the bus 115. In a further,sl ernate enbodlnen%, t he cache

pol | ut i ofNSAIHSH@RNES PIeyidert B BFFOI8aNRaY Y e RTBFFEY LYV SR | SAREIAS O he,

e PoShaRAR O B P aReR S el T SRR e BRI R IR B 1
|l ustrating One ﬁm%&i%ﬁgs@ é%ﬁ]&em&m\z 8 4 BRI ESERY nbAERDPL:

Beginning roma start st e process 6 proceeds to a decrsion block
610, 20hehmsthictidalHr(shdess MOVNTQ@Ydhassmovetdligreddber patkdd siogleafioathance
instruction 165 nmatches one of the addresses in the cache directory 21Q |If
?0 so, t ipeingr(&€¢aenaethpadalansesction(detiushas MO3BRTBI2, Avhde enask det er mi nes
if only the corresponding cache entry is to be updated or if both the

cor r es poRtTRftieacHpi@HY rRET RTINS h W THB s D MASKP APy 4 MaSKRAENdevi ce 110
have to be,updated, . If only the.corresponding cache enfry is_to ,be updated,
e pr ocBeRGn i BE AATEITL = bF TS " RN EER s | I HRUAFLocRent, 2
correspordi i - | ©C ' i i\t updates
bot h ¢ he CoPreina e 3ME GRER nd § Filorbdbbds b g WHEE Wifagly P17,
- 14 oBt I YHefe8f0 ka8 108Y &8 Jrldd1001D08ILINE WeRSE, tol the Hf P68ESnSBAnArpceeds
to process block 618, Where the process termnates. If it is determ ned, at
deci si on viitecéthed ®it pdmtiohd ereandsless offn THeMagKelPOQ| and MOEXAIQIance
instruction 165 does not match one of the addresses in the cache directory
210, the process S600 does not performa cache line 5 fill, and instead,
only updates the corresponding entry in storage device 110 (process bl ock
620). The use of the present invention thus enhances system performance by
not performng a cache line fill during non-tenporal accesses. In
particular, since no cache line fill is perforned during non-tenporal
access, system performance is



10 tnproved by reducing contention for the cache, as frequently usefl JddftA 2003
(i.e., tenmporal data) is not evicted fromthe cache by non-tenporal data.

As a result, cache pollution or disturbance during non-tenporal accesses is
mnimzed. Wile a preferred enbodi nent has been described, it is to
understood that the invention is not |lignted to such use. In addition,

while the invention has been 15 described in terns of several enbodi nents,
those skilled in the art will recognize that the invention is not limted

to the enbodi nents described. The nethod gnd a rat us .qf L nvention can
be practimﬂwfioﬁsr?é%iﬁppbﬁieiﬁ%rﬁoafh@%q datagt &?rafﬁﬁf'nt%@t@@wp&nd scope
of the appended. clains. .Jhe description is thus b as

i |1 ust r at IETHSHONGRG VST © 'ibrlﬁstrle%e%ﬁé?ﬁénﬁeﬁ%re% t|ao¢r1(.9m %‘%%Eg‘?g}%@ff&% VB:
1. A conp L SY. 0 hSd REE I Rt FEARY L 2. hi; In
menory adgécgéxggs%ggﬁghéaﬂ rtllgé g@é’ﬂ@ﬁ‘gﬁd. ng d@? g&égtg rb;%t;spljae%%g?hggg;r‘g 3sor

coupl ed t @psairfsRbin ATesmEbter Y ridiRoRUSThé MOVNIFSSHREruedRis spplicadle ksast
one cache Renory said at | east one cache nmenory having a cache directory

wi th aspl pagked foatinglgoéssisa andvhichathbeendistofcin epetadonrigtaeq twalsktsyofof .
data entries corresponding to said plurali té’ of addresses a resister: an
execut i on numihers baginget Predetarminad: nembenohbifs rije SPTE8dE afRBider bpwngnthe

address to specify a nenpry location, wherein said processor, |[s to perform
a sel ecti 9%@?9?%@%%“%?"5’ PEDKES, b% B¥r EFORE CB‘FJ?@%’F&OWC&FI"? ReeFad & er

to the nenpry_ locatjon specifijged by th r ) to prevent the
data copi élae %Vngfééhﬁ 8{?810% IleP Hg r{eg%éfq}-u?tvﬁg%c rIr)cglrxﬁ %g?%g’%él{ﬂ (rt)]l(rggaaclcﬁr g at
| east one ;can&iFE IR YedRibeBFBPRSE with pRtulT t7Be Q48 antdunt of data, alternate

10 embodiment, can support instructions that operate on different types and amounts

of data.

In addition to the cache pollution avoidance instruction(s) 165, processor 105
can include new instructions and/or instructions similar to or the same as those
found in existing general purpose processors. For example, in one embodiment the

15 processor 105 supports an instruction set which is compatible with the Intel®
Architecture instruction set used by existing processors, such as the Pentium®II
processor. Alternative embodiments of the invention may contain more or less, as

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

The registers 141 represent a storage are on processor 105 for storing
20 information, such as control/status information, scalar and/or 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 term data processing system is used
herein to refer to any machine for processing data, including the computer

25  systems(s) described with reference to Figure 1.



Eyl o0
0 3 J~~~ 103 2. The conputer systemof Caim1l, wherein said proctyséol"“ll 54093
to conbine a plurality of non-tenporal stores into a wite transaction on
«the bus 3. The conputer systemof Claim2_ , wherein said processor is to
conbine the plurality of non-tenpoxal stores in response to each of said
plurality of non tenporal stores being @.non-tenporal instruction 4. The
conputer systemof Claire. 1, wherein said processor determnes if said
operand address natches one of said plurality of addresses in said cache
directory, if so, said processor updating a data entry in said cache

control | er Cpigh‘?éQQHQEt'?QteTs%n%aérﬂb@@ihﬁ?ﬁ%fﬁlﬂéib@g&i;ﬂﬁm\ﬁr&@tm%’[ﬂ Bacre data
entry corresponding to said operand address in said nain nenory 5. The

conput emesystyeny OLOCL AV or BReFer presaheldisagdsiste pueposes, the MASKMVAhory
instruction which is a b a mask instruction to copy bites indicated by the
mask t oLOhkl apdnoyl? edHbecafervdrereiscashe thamsy 200nsrdcbesnemptiu?@l ity of
bits and wherein e&&h single bit indicates whether a r_%)pe_)ctive byte of the
regi st efOMBTES AEAEHIIERFIEY 2 HkanmAdiyralise at fashe enimes 2913%29ac~ 623 G The

t f, f.Caiml) furth |.Si .et chi it, wh [
cai a5 pr GOBEEUTeY o PP ek BTtrea £0) Bre MOECUsedy TSP Esal ons |1 a
i 11 er epl AneeL: LAasl AN dfiRe LELABLNGCHIAS HLibABAUSS Dol d

plurality of ‘non tenporal instructions bei‘ng non-tcmtioral |Instruétions 7.

The conpeirespantihgid ehe Chdtenarfiries 2R0N1220,COTREdeSINBGOr 18CMRRNIA sepdpked to
the bus: a display coupled to the bus: a sound unit coupled to the bus: a

nmodem cdapiced 10 havheddoasses8230MH230z0nput er system of Claim5 wherein
non-tenporal data is treated differently at different levels in a cache
hi erarchy within said processor. said cache -17_
Figure 3 illustrates one embodiment of the format of the cache pollution
10 avoidance instruction 165 provided in accordance with the present invention. The
cache pollution avoidance instruction 165 comprises an operational code (OP CODE)
310 which identifies the operation of the cache pollution avoidance instruction 165
and an operand 312 which specifies the address of the data object that the instruction
165 will be operating on. In order to understand the present invention, certain
15  terminology must be understood in reference to the cache pollution avoidance
technique. The present invention operates within the framework wherein the
particular data being accessed will have (or not have) temporal locality. Temporal
locality is an attribute associated with data and determined by how soon in the
future a program will access the data. Thus, for each data pattern, the data may have

20  temporal locality (T) or not have temporal locality (NT) with respect to a cache

memory or a cache level in the cache hierarchy.

In Figure 1, three levels of cache hierarchy are shown (representing levels L0,
L1 and L2), wherein at each level there are two possibilities for classifying the data
pattern being accessed. The classifications are noted as 1) temporal (T); and 2) non-

25 temporal (NT). The classifications are based on the attributes associated with the
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hierarch ¢ mrisi at lest two cae a nmeno 'es ' The coznputex system of
Claizu 5 further commrisina a vliurality of re inters wherein said exe utian
unit ' to execute a MpV ~TPS nove i ,str~xctxan to ca four scked float"n
dint urnbers a first re inter i said lurali of a " ternto afi t rne a
lacat'an and t vent stor'n of said foyp ac a float' o' t nunbe s ' he at
east ne cac a rnem and whe ein said executi unit is to execute a C3VI ~t
structio to co inte ez data ma econd ore a aid 1 all of re stern to a
second t.0 s at least o

a cachegEﬁgDacftcgssa{Oiﬁa '-‘R“h%‘f*ﬁbaﬁg St b5 f?%%&iq\}“ ttg&éﬁe F‘%’@f r‘lchPF havi ng an
oper andy, ?quxrc Sare—shB&n mOF%ul]e 5ut~t91§das u?&%' Vrﬁ{) &Dl\éspc cg‘{e lg%lssF@} dat a

in a regil s nmenory oca ion peran dress

resnor ~§%r§1gl§ @B\@' Edxsht Wér@%n@ﬁ*@' b@Bbr@ctf@%KNH@'e%er@[sec‘!xﬂWdrﬁgca%ﬁbd
nmenoz~r | ocation rom being witten to a cache netnor~r in”xesponse to the

I nst ructdveh(LAdnly]loe wisdreatersf arel @ilyntd 0 caéhe lehels (COmpdi Isi)ngr wietretdreu~ i f
sai d ouerand address matches one of a nluralitv of addresses in a cache
di r et orse fausdertinese gachetlgvelstry in a cache controller correspondir, ~to
sai d operand address if said operand address matches one of said plurality

s e R R
G aim 10 fund bes p?ooc@srdrsl'qum dhth is orddbr saved. iccordmgly, the temporal
property is associated with the use or re-use of data at a given level. For example, if
a particular data pattern in the program is identified to be T with respect to L1, but
10 NT with respect to L2, then this data will be used in the near future in the L1 cache,
but not so near in the future in the L2 cache. The temporal distance of how soon the
data will be used or re-used is application dependent for a particular computer
system and software. When data access is regarded as T at a given cache level, it will
likely be re-used (assuming no branches taken, etc.) within a certain time frame (for
15 example, within x number of instructions) in the near future. Where data access is
regarded as NT at a given level, it will likely not be re-used within the specified time

frame.

Thus, the noted temporal criteria can be set based on the action required of
the data. Subsequently, the present invention provides for a scheme in which
20 cache pollution avoidance can be implemented at the cache memory or at each
cache hierarchy level depending on the attributes associated with the data at a
particular level. In particular, by using the cache pollution avoidance instruction
165 to process data, the programmer is indicating that the associated data does not
have temporal locality, i.e., the associated data is non-temporal. The associated data

25 is then processed according to the cache pollution avoidance instruction 163 used.



comdining a ulurality of non-temporal instructions into a single wlideii 7003
transaction. 13. ~ The nethod of Caiml2 wherein conbining the

nlurality' of non-tenporal instructions into the sinlg a wite transaction
is to be done in response to each of the plurality of non-tenporal
instructions being a r~on-tenporal instjuction. 14. The method of C aim 13
further eonap~isin~: conpleting a second ~~luxality~ of non-tenporal
instructions in a different order than fetched. 15. ~ The nethod of Caim
10, wherein sand instruction is a MASKMOVO i nstruction which is a byte mask

I nstntct Tﬁﬂs,t&cgg?r?lﬂk\htﬁoﬁsadd?gér@&t% D bhdd SRSKnY a0k of RBYd Danl ord Sifer to

the nmenory | ocati erein said mask value conurises a vliuralitlr of bits
and ~rr helfieetate £oGes awdiRBlecatédchi didthe ahElse Whelsher a respecti~re byte of the
register is to be copied to the nmenor~r |ocation 16. The nmethod of C aim
15, further conprising; -20 0 3 J~~|I c003 generating an output signal to
one of a cachk Eigwrgdl bely ldhd-laanthlL lewedoarg showmplat 8 18 apprecéstpditang dat a
entry in one of sajd cache controller and said n?in menory, if the operand
addr ess FreIdesmievels (eq pPnrg Hvietlycagt berraddy J8y ?Iﬁeafeggcﬁée gmbasiment 17.

Th thod of .Caim 15, furtk i Si ng: ti NTPS
nat ract FORVRAR I ERFEr s ASSTRES (FROREI DO e HaDEIS PR do eredacne
re, ~i ste;c1 9. a first rr~enorv |ocation: preventing storing of said four

pacl ~ed oating t~oint nunbers to said cache nmenory: executing a MOWN-TO
instruction to copy inteeer data froma second register to a second xnenory

| ocation: QevBBtdaBRe ?’bﬂﬁtiﬂﬁ Roigid tefiggas of ahe i vensRdndwela¢lRgy BRMOry 18.
The nethod of Claim 17, further conprising: treating non-tenporal data

di f f er entlesdritaidf. f Upentretadvizigsthiercazhe poliatibh evaidaimge idstructidn316h; e 2acke 19.
An apparatus conprising: a cache nmenory to store a plurality of entries and
a pl ur al dingciory agg@éicag\gdngmggags, first polled to determine if the address specified

0 in the operand 312 matches one of the addresses stored in the cache directory 210. If
so, there is a cache hit, and the corresponding data object (i.e., contents of the cache
memory corresponding to the addresses specified in the operand) is updated. In one
embodiment where different levels of cache memories are used, for example, L0, L1,

L2, any one cache level or any combination of the cache memories are updated. In

wm

an alternate embodiment, both the corresponding data object in cache memory and

in main memory are updated.

If the address specified in the operand 312 does not match any of the addresses
stored in the cache directory 210, there is a cache miss. In this case, there is no cache
line fill, i.e., the corresponding data object in storage device 110 will not be

‘0 transferred into the cache memory 210. By not performing the cache line fill, the

processor 105 avoids polluting the cache.

Figures 4A and 4B illustrate the operation of the cache pollution avoidance
instruction according to one embodiment of the invention, in which there is a cache

hit. Upon receiving the cache pollution avoidance instruction 165', the cache



a register; an execution unit to execute a first instruction to pBr¥ Jéi 2003
nove operation using a mask pattern, said nask pattern to indicate which
.portions of data fromsaid register are to be stored in a nmenory | ocati on,
said first instruction tof prevent data noved by execution of said ~rb5t
instruction from being cached in said cache nmenory. 20. The apparatus of

el ai ~nn 19 wherein data fromsaid register is prevented fzom bei ng cached
in said cache nenory at least if said nenory |ocation was not cached prior
to execufi a i i 1.Q r cl ai

wner o - SisfoB] 105 oh® madEh A0 s Heip b PP Bk U RLesfL ) Buless
regi steryl &eiffdl B thel JPRILH 31U REs 0RSf WMACIRI rBs S @bk IVASIHMANG
instruction is a byte mask instruction that copies bytes indicated by the
mask patdieedotyo21telf nhanaghd memorpR0Md s10LHte vt Bidhg hbeobyties, 4 boicedfled by
the mask pattern in the cache nenory, and further wherein a single bit

i ndi cat e;achhendreerya the ppecassarcl Sytomdattstthe podgigst Hrthe sache emuyiidad is o
mam)rg/, and further wherein a Iog)i cal 0 in the nask pattern corresponds to
no w3 t eaq guigr)al sAsh e mesRwak g1 hihcache mameryp aetlagniscorAusisgmis theocashet e

k). -2 3 J~i~ 03 22. Th f clai 9 in.said
msked MRS 1 EP AT S A« & BRI ILETTOFPAaE LR B BRARien
At : ia. i i hi h
| ndi cat egh B Sz RSk AR d ALK if ngggggpie{né geald Al LdRo4Y, 035NN e

t he

bytes in't e nmenory. atus o alm erein-sal d mask

pattern GOFRhE %@ﬁ;ﬁ)r?'llbf\‘?ig;m‘e Q) DIt the YHRSERIAs& tRbRAL AnbiddrkiBdhcAl €S
whet her a respective byte of the register is to be copied to r~aenory. 24.

The appairaticstingfthat shere 28 awheliehin, and i mmhﬁ:a&afdi 40Ddssums ke fixat ighal to the
corresponds to no wite (nmask) and a logical 1 in the nmask pattern

cor r é&poerthetlineviili lagic dabewhich dsermmines ifappignal shoudd belsghitaitheretheidratsai d
tus, t data ~ t ister in t if, th
mormor y | AR H4 FOR R U 6D B A1 R CAHRSHERIOR, 2L CoPnar e not
t data t i j h he. h
Fi i PBer Ry e MM Eheptrile SR BT B B bR AR LR PO
further GoARfelthk ddtoBRECNID4GRAN S TRID The WAGERHISMIK) are then issued and

updating of the corresponding data object 2124 and/or 1104 is performed (Figure 4B).

15 Figures SA and 5B illustrate the operation of the cache pollution avoidance
instruction according to an alternate embodiment of the invention in which there is
cache miss. Upon receiving the cache pollution avoidance instruction 165, the
cache directory 210 of cache memory 200 is polled to determine if the address, e.g.,
address Y, specified in the operand 312" matches one of the address stored in the

20 cache directory 210. In particular, the comparator 410 compares the address Y
specified in the operand 312" to determine if it matches one of the addresses 2121-
212n stored in cache directory 210 (Figure 5A). In this case, the address Y specified in
the operand 312" does not match any one of the addresses 2121-212n, stored in the
cache directory 210. As a result, the comparator 410 issues a second signal to the

25 cache line fill logic 420, indicating that there is a cache miss. In response, the cache

line fill logic issues only a signal to the storage device 110 to update the contents of



ial 9
one of the cache nenory and the second cache nenory is updated. 2'9,3#{34 2003
apparatus of claim24 wherein said apparatus is defined by data on a
. eoznputer readable nmedium -23 0 3 J~iV 2003 28. The apparatus of claim
19 wherein a cache line fill o a cache Iine in the cache nenory
corresponding to the nmenory |ocation g prevented in response to the first
instruction being a non-tenporal instruction i said nenory |ocation is not

hed i i h 9. Th t f _clai 4 wher ei id
appar at 89785 FoRGyBE T Fhe a0 0GR Tt aer ot SR Pafs Wi e
an | nt elyufr M Lo b deSdVitCt iOR 113 Abt bSCrandfafre@RRA BdidacBE RidbR) 2

rw ~erein’ said’execution unit is also to execute a first non tenporal nove

i NSt r ucti@n-aaRe merSEEOTI fHaefofdTPOhAInsTRMR: hAS LS HEL beNuteddsN tifd AEANT a
different type of data, wherein the apparatus, in response to either said

first neateopxdradta.nove instruction or said second non-tenporal nove
instruction is to prevent a cache line fill to a nenory |ocation specified
by the txxst _non-tenporal rraove instruction or the second non-tenporal
noveSi nst r ucin ere embodimerdpir cachs poflugioni avioddandednaituctien déaeeut i on unit
is further to execute a first._non-tegpozal nove instruction which is a
NOVNTF S VRARY PRAEFACTIORTGY Doty PR ArOSRIRRE crilor s b dache

f10at i ng. poit, 248, elLaURR S LLOMS Ne Ledl RLETod B LHIRY JFatpry | ocati on,

and whereln sai d executtion unit” I'S exec n tenpor al

nove i ”%}c{ll«k@%&%d&‘@iﬁé inStrR VeI H&Vge:jféﬂerdjﬁ@ BNk oF @RV,

ey are
tenporal® integer data fromthe register to a second | ocati on, ang%?urther

wher ei n fbehbd $i the VEIcKMEPEnANA thaidécddR¢NTR atDaleerhaetamissd iat phe \w@ahe COpi ed
data from being cached. -24 0 3 J~i~ 203 32. The apparatus of claim 30
wherl8i n pdiudioni avtidanagrinseupiemll 63nhag the pedpentyt dlowrites collagsing Réheraby e
instruction for copying four non-tenporal packed single precision

f1 oat i ng¥het BXecyEng SUrearsiviesteres denthe same gadrass, argy 4he {ass stazpaviilfeed nenory

| ocation, .arid er ei ai.d second non-te ral nove, instruction is a
N UNTQ YL 71505 BT Lb7 02 EORT AUCHIAIE COTSGIRETY A0 ETe R H4%bm ¢ he
regi ster i 1 o) L: : i 1 che |ine
| AR R b PR AR A Stk
store misses to the same cache line are combined before the write is issued to storage

15 device 110.

Figure 6 is a flowchart illustrating one embodiment of the process of the

present invention. Beginning from a start state, the process 600 proceeds to a
decision block 610, where it determines if the address in the cache pollution
avoidance instruction 165 matches one of the addresses in the cache directory 210. If

20 so, the process 600 advances to decision block 612, where it determines if only the
corresponding cache entry is to be updated or if both the corresponding cache entry
and the corresponding entry in storage device 110 have to be updated. If only the
corresponding cache entry is to be updated, the process 600 proceeds to process block
614, where it updates the corresponding entry in cache memory (block 614).

25 Otherwise, it updates both the corresponding cache entry and the corresponding



or the MJ VNTQ nove instruction being a non-tenporal instruction. 333 Jhike 2003
apparatus of claim 32 wherein said apparatus is to conbine a plurality of
instructions into a wite transaction for issue onto a bus in response to
each of the plurality of instructions being a non-tlenporal store
instruction. 34. The apparatus of clai.ngl9 wherein said apparatus is to
conbine a plurality of non tenporal stores into a wite transaction for

i ssue onto a bus. 35. The apparatus of claim 34 wherein saad apparatus is
to conbine the plurality of non tenporal stores in response to each of the
pl ur al i t entfy inorietagerdeyireal 10s tlorestheh asdentheap rocesscd00yproreadsi toerocersitioaly.

36. The apparatus of claim35 wherein said plurglity qof nqgn-tenporal stores
t hat areéégo(‘ﬂb???eﬂ‘el PROSeISHE TR AtES t HahSAGtPIORING ea%¥%?§§“t oGk gf%dhét@@che
line. -25 0 3 J~~ c03 37., The a ratus of clai 1 further conprising a
fet ohi ng Adress g 2o RSB Ehaeedns Ghesior 06 Aaes Beb AR GraIdf P or
non-tenpqreal__J i i: i4,fhe I I .

Fet chi ng JoressFR il HELLRRE diftclouy 0B RroBt b RS FRF PEHBEm W ed i line

i nstrgct ifﬁﬂ%nQ%_B&aBPB%ltygﬁ'p&;{@é & rdspohans aney iMeiRhgd BebrENg0 }(\??dﬁleé’s

ordered instructions. .- The apparatus of ¢claim 19 whereat the rst

i nstruct indeckeX)a property of wite com bining, wherein cacheable stores to
a same cache line are conbined before a wite is issued. 39. The apparatus
of claim 38 wherein non-tenporal data is treated differently at different
level s in a cddtseuss ef thecpresenininviesting thie enherres myRSNy PAN@IMANFe Bytnaine

Dl Ural | £ PRSfOTEITE recichding Bl i S BROR Pt BESATASes At o1 ;
an executjon unit..fo receive fir i r i j de that

i oat oo e AUl & FEFFRE Bher hor BRhPOR) s de s B BRE RS 1T ¢ o

i nst et ;00 Hogh 6 tﬂeHQciﬁgSctoS’irt@ntR;n PorClﬂE%aéHe‘?HH‘{eQﬁbﬁ{lﬁ Js@&'a%rta?gi.et.,o, a menory

|l ocation, said exgcutlon unit to prevent storing ‘of e data iteminto the
cache nen@porril dASPRNER dvictediftbraphedechehieheniterapplalrddlta.t Ysof result,

instructions, including the first instruction, are to be -26
cache pollution or disturbance during non-temporal accesses is minimized.
While a preferred embodiment has been described, it is to understood that the
invention is not limited to such use. In addition, while the invention has been
15  described in terms of several embodiments, those skilled in the art will recognize
that the invention is not limited to the embodiments described. The methc.)d and
apparatus of the invention can be practiced with modification and alteration within

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

illustrative instead of limiting on the invention.



e
0 3 JAS ~0~3 conbined into a wite transaction to be issued to aaoés‘]'m 2003
response to the plurality of instructions being a plurality of non-tenporal
. Stare instructions. 41. The apparatus of claim40 wherein said first
instruction has an operand address, and wherein said cache nenory is to
update data witten. by the first instruction if said operand address of
the first CEMSesuction is indicated by one of said plurality of associated
addr esseg, and whergi n_saj e menory is, in response to said opcode

i ndi cati ig a non-teﬁﬁ Pgﬁ{egfgs?éem to not update data witten by the first
instruction if the operand addxess of the first instruction is not

i ndi cat ed DSPTBINE said plurality of associ ated addresses. 42. The
apparatus of claim40 wherein said plurality of non-tenporal store

i nstructi onsmhhvahemory havirg apldralityt of maie memoarg addrassesieachdnvingd to a single
cache line. 43. The apparatus of claim40 further conprising a fetching
unit, whereincgrfpehdintiditadhtrpon-t enporal instructions received by the
fetching unit are perfomed in a different order than received by the

f et chi ng un'{)us.44. The apparatus of claim40 wherein only a single store is
to be visi bé—e—r)n an external bus aftex a plurality of successive

non-t enporal stores wr"te ta,a Si n%Ie d eS8 ¢ 5. TQe aooar_sétus_ of claim
43 wher ei n RRPRESPT aR!ed o sAAM4n B "}"ﬁf-g%@&-r%‘né—ﬂ%—é{ﬁ%“ & %0 820 write
collapsing, allowing only a single store to be visible on an e~cternal bus
after a pl uraltlegstone saeiedBaN non-t enpor al st or eaigsf leastione sadieng| e
address. -27 0 3 J~~~J ~~a3 46, The apparatus of claim40 wherein the
cache nmenory is memdet kavingwecashe tiivestonyrwitioa pluelity dbdddresaésandarmache i n
addition to updating said cache nenory. 47. The apparatus of claim45
wherein the cachgniRer Navirfy 4 PluctlitPsNdateeithiey ddgressonding totsaidypdetalisy ofai n
menory in addition to updating said cache nenory. 48. The apparatus of
cl ai m 40 wher ei nac{aﬁéys&senporal data is treated differently at different
l evel s in a cache hierarchy conprising the cache menory and at | east one
ot her cache Menor.y. 49. The apparatus of claim47 wherein non-tenporal data
is treated di %!e‘ﬁ‘ly at different levels in a cache hierarchy conprising
tt~e cache nenory an,dnat, | east one ot her cache mam)r% 50. ,The apparatus of
&pgxegitign spi lo, exeoptc,

cl ai m 40 wher 8% finit is to execut & FHTHARhRAMSSPal
opcode and an operand address to specify a memory location, wherein said

processor_is to perform a selective copying, based on a mask, of portions of
data from the register to the memory location specified by the operand address
and to prevent the data copied by execution of the instruction from being
stored in said at least one cache memory in response to said

opcode

-15-



y L]
instructions chosen froma set consisting of; a nove 64 bits non-q gn%ﬂalﬁm
i nstruction; a nove four packed floating point instruction; and a byte mask
.move instruction. 51 _ The apparatus of claim49 wherein said apparatus is
to pxocess as non-tenporal instzuctions an instruction set conprising: a
nove 64 bits non-tenporal instruction; a nove four packed floati ng poi nt

instruction; and a byte mask m)ve instruction -28 03,J~"~ Q003 52.

The appar atus of clgi m50 wher \ blé mask nstructl n uses a

mask pattern to al | oW QBRI ?faji 1y pr}‘ﬁﬁcr'? Fad ro&essf’ﬁ 2to0 the
menory | ocation. 53. The appar atus of claim 52 wherein portions of the

regi ster i nplutgditedfy 9t StPres into 2 : AgeaIR QAIREPE are witten to, and

portions of the reglster i ndi cat ed by a Ioglcal 0" in the mask pattern axe
masked. 54. The apparatus o claim40 wherein said apparatus is defined by
machi ne readabl e data on a machi ne readabl e nedium 55. The apparatus of
claim53 wherein said apparatus is defined by machi ne readabl e data on a
machi ne readabl e nraedium 56. A nethod conprising: receiving an
instruction having an opcode that indicates a non-tenporal instruction and
an operand address which is an address at which an operand data froma

register is to be stored in res ons th truction; preventing said
operand data from bggﬁ@"W‘i‘tP’t%’ﬁ ’g lé%hegﬁﬁﬂ%ﬂl‘s mmm
opcode; conbining a plurallty of hon- tenporal stores, |nclud|ng t he

i nstruct i ontheplunglit pR4erpesg & & torach ofgaid Phigality -of claium
56 further conprising: if data associ at ed with said operand address is

al ready cactfeathordlBeres sigghd Aeh-tdnspopsldnisinudtielat a; - 29

4. The computer system of Claim 1, wherein said processor determines if

said operand address matches one of said plurality of addresses in said cache

directory, if so, said processor updating a data entry in said cache controller

corresponding to said matched address, otherwise updating a data entry corresponding

to said operand address in said main memory

5. The computer system of Claim 1, wherein said instruction
is a MASKMOVOQ instruction which is a byte mask
instruction to copy bytes indicated by the mask to the memory location, wherein said
mask comprises a plurality of bits and wherein each single bit indicates whether a
respective byte of the register is to be copied to the memory location.
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& & n
D3 J~~d t~~3 determning if the operand data is also to be wwité%% {%ﬂefmn
second nenory and if so witing the data; if data associated with said
. operand address is not already cached, then witing the operand data to the
‘second menory; 58. The method of claimb57 fiu~ther conprisitng: performnng
a plurality of non-tenporal store instructions in a different order than
they were fetched. 59. The nethod of claimb56 mhereln conbi ni ng the
plurality of non-t S %”%&gg %gg ! of wites
to a single cache Fﬁ%éﬂrﬁuwrsgl&én%?@&h fe trané‘{'gll a@ %}’eﬁ“rret hod of
claim 56 wherein conblnln% the p urallt . mhltes conp2|ses
col | apsi ng Ydhssei Rg Ao REEL0 pluca ‘ pLECE
transaction. 61. The nethod of cIa|n159 mhereln conblnln? the pIurallty of
non- t enpor aiffese fqtelved by &k - PSP sa1g fpluaiityd
singl e cache |ine |nto a S|ngle Mﬁlte transactlon in response to each of
the pl ur al ittnipofal iptméteons beike nonittresorhbinsuationon t enporal instruction and
therefore having a wite conbining property. 62_ The nmethod of claim56
wherein said instruction is a mask nove instruction and wherein the nethod
further conprises executing said mask nove instruction by selectively
novi ng data based on a mask val ue. 63. The nethod of claim62 wherein said
instruction is a MAST~-MOVQ i nstruction -30 0 3 Ji~i~ ~n~3 which is a byte
mask instruction to copy bytes of the register indicated by the nmask val ue
to a menory | ocation, wherein said mask value conprises a plurality of bits
and wherein each single bit indicates whether a respective byte of the
register is to be copied to the nmenory | ocation. 64. A systemconprising, a
main nmenory having a plurality of nmain nmenory addresses each having a
correspouz.di ng dat aTlendamyputear spstened Shainc rfimthes icompesibgrs i nt er f ace and
coupled to said main nenory; a cache nenory to store a plurality of entries
and a plurality of associated addresses; a register; control logic to
receive an instruction that is a non-tenporal store instruction having an
opeode and an operand address, said control logic to prevent, in response
to the opcode, caching of data witten fromthe register to a nenory
| ocation in accordance with said instruction, said control logic to conbi ne
a plurality of nontenporal stores including said instruction into a wite
transaction issued on the bus interface.

a keyboard coupled to the bus:
a display coupled to the bus;
a sound unit coupled to the bus:;

a modem coupled to the bus.

8. The computer system of Claim 5 wherein non-temporal data is treated

differently at different levels in a cache hierarchy within said processor, said cache
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65. The system of claim64 wherein said control logic is to cache data from
said register if said operand address is indicated by one of said plurality
of associ ated addresses, said control logic to not cache data from said
register if the operand address is not indicated by one of said plurality
of associ ated addresses in response to said opcode indicating a

non-tenporal store. GS. The systenlof claim64 wherein the systemis a
singl e processor system -31 .ye @ R | —03 66, The system of claim 64
wherein the insfruyckijeast masked nove instruction (MASKMOVQ, to perform
a selectgh . based on a mask, of portions of data fromthe

regi The system of claim64 wherein the instruction is a MOWNTPS
instruction to move packed floating point data fromthe register. 68. The
system of claixn 64 wherein the instruction is a MOWNTQ instruction to nove
integer data fromthe register. 69. The system of claixrt 64 further
conprising a plurality of registers) wherein said control logic is capable
of executing a plurality of programinstructions in a software routine in
the main nenory, said plurality of programinstructions conprising: a
MOVNTPS nove instruction to copy four packed floating point nunbers froma
first register in said plurality of registers to a first nenory | ocation
and to prevent storing of said four packed floating point punbers in the
cache nmenory; a MOVNTQ i nstruction to copy inte Sl 2 ¥ m a second one

of said plurality of registers to a s e ocatlon angd, 0 prevent

storing of sal d i nt eger datakgl QAR e nmenor ViOVQ

i nstruction, %gfyoh@“Gg ata froma @%5MDJD regls er, wherein
sai d NASICNDVQ i fstructi on IS %MR\¢$>“? g nstauctlon. 2 8> to copy bytes
i ndi cafed by a mask_paekesui® - rality of registers
to a third ng gBEEtT on Wi t hout,, e datafled¥he cache
menory, ake r-h,.anﬂv“ it yioidO8kgTe bits indicates
w?net her & et dye i het 880 - 32

0 3 J~~ tOogRe al 0 in the
mask pattern cor at he nmask
pattern coregs8br ai m 69

wherein each of s

&5F pr : : ns has a pr.qperty of
rwite conbi i%es : i\ jng of 4k



A
71. The systemof claim 70 wherein each of said plurality of progr;yna JAN 2003
ir~struct~ons is a weakly ordered instruction. -33
. AU Al (. AF#. AU. AL. AU.A A" AU . AU, . A . AY
. AhL. AYr. A As. AL. As. AL. A". A9. A. A9. A9A. A{. A9. AGA. AL. A9. ALU. A&{ . AL; . A9: ;

WK[ 1 +uWGL} selettively fnoving portions of data in a register to a memory location indicated by the
~ytoje [V]ca]caJcalcalJc"a]c"a] ca]ca]ca]ca]ca]ca]ca]ca]ca]calcaJcalca]ca]c”a

] ca] ca] c™a] ca% cal; " al- "ol _
K~5j 2| 2i | vl g d & iff Pes o i o hs n a mask val ca] ca] ca] ca] ca]

IqII c" ##$FELEPVNEHHEA; LY 1O R 2 heing wojiten ioa,0alig me ayderearcal calc
"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] c' aU] c"al F(()) [ ++
++, , A--. </ E/ | te0agtucpion? 33333K444555} xsni d_Z] 1] ] ca] ca] calcalca]calcalc"alc
a] ca] ca] cal ca] ca] ca] ca] cal ca]ca]cal ca]ca]ca]calc"a]c"a] ca]ca]ca]ca]ca]ca]ca
I 555C66748%x999L: : ' R; " ; e;
<Y >~ @:CCC#CSCCCGDDDD EEE| wr mhc”Y] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c"aU]c"
a] cal ca] cal calca]c"a]c"a]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal E: GGEGERHHH"
lol1JJ"J" Jt KKM MNOJdPPRaRRRR&S) S+SSSU| wr | gb] X] ] ca] ca] ca] c alUc
a)J ca] ca] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c aU] c"a] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca! UNLXX@NZPZUZ[\\ Z\\\ M ] ] 5™~ e BT a*alwlgal\W]ca
] ca] cMa] ca] c"a] ca] ca] ca] caU] ca] c"a] ca] ca] ca] ca] ca] ca] caj ca] cal ca] ca] ca] ca] C
ajcalcalc"a] c"a] ca] ca] ca] ca! *at aaaaab/ bKbzZbdbbb?c| ccccccc* d[ dsdddeAeee4f "fz
toi c]WQ ] c”ra] cMa] cna] cna] c™a] cal cna] c™a] cna) cal c’\a] cha]ca] c"al] c"a] ca]c™a] c

“a] cMa] cMa] cMa] ca] ca] c”a] ca] ca] cha] cha] ca] ca] ca fffgrggggghhhhhh.iMkiiiiiF
I N {jjJjkXkkk2l xI ~ysni d_ZU] ] c”] ca] ca] ca] ca] cal] ca] c™a] ca] ca] ca] c”a] c”a] ca] c”a
] c*a] cha] c”a] ca] cta] cha] cha] cha] ca] ¢” a] ca] ca] c”a] cta] cta] cha] cax! T m

’>nnnnCooooooo<p>popp g/ 9Gg_qqqzt ni d*XR| ]] c*a] c*a] c*a] ca] ca] cMa] c’\a] c”aj ca)
ca] cfa] c"a] ca] c”a] ca] c”a] cha] cha] cMa] cMa] cMa] ca] cMa] cMal chal c”ha]lcta]lcalcal ¢
aJ caqqr[rrs8shsps~sst Zt ztt . u+v[ vvvvv4w@wmOxxxx: y yyzupkf a\ V\]c"a] calca]ca]c

ol L bang gl o ) e el

R>O/\ébu}xsn! d Z’\al c] ga] ]ica! ca g a! ca! ca !cal ca!gcg!?ca! ca! ca! %a] cal ca]
calca]calc QRELANC "Na] c] ca

] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] calcalcalc
aJ ca] ca] ca] ca te|l ca] ca] ca] ca] ca] cal Gva~=33490 "u} xsni d_Z"*a] c] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] c

19+, & >A4}xsn| d Z"a] c] ca] ca] ca] ca] ca] ca] ca] ca] c' a] ca] ca) ca] ca]ca]ca]caJca]c
a] ca] ca] ca] cak4idlopalaad hddrbssahstehes'cnb ofibaid litp b Addrepsédsin said cache

/}xsni d_Z"a] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c"a]
cal ca] ca cal cgleababiehwal aal sk sdaAniGk ool i A sath Awls] c al cal
ca]ca]ca]ca]ca Caj] cajJ caJcaJcaJcaJca ca]ca]ca]carca caJjCc aJcaJcaJca]ca]ca
]calca]c"a] calcalcal di' b= k6*thNi}xsn| d _Z*a]c]c"a] ca] ca] ca] ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca}lé%%l@g]-@ﬁgg%ca] cal ca]c"a] ca]ca] ca] ca]ca] ca]ca]ca] ca]ca]caXr_@
&10%&' ()-!6" yF&LOWXTXT& ()- ~10% & ()- MO%H#&' () -

T109& () - 10%&' () - r +tudEsf #10%&' () -109& ()- 109& ()- S910%& ()- "~ 10%& ()-f&
109 ()- WEE. #109%&' () -, @109 ()-S+@ 10%&' ()- | (@O ()-s&d0%&R' ()- |
"109%& ()- L} " xmbC0&10%Z& () - 10

12. The method of Claim 10

further compising;
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10. 10109%& () - #109& () - S2" 109 ()- SSOFYA0%& ()-' * + gWX }[9+C 1082 gAN 2003

040%ZZ8& ()-! 3F3%409%58& ()- ! F3%40% : & () -

CV#109%ZF Zf & () - @O0%Z& ()- 109%Z& ()-X Y Z g h | MIBC 10ZZ!'D!;) %A0%: ()-!6
0d0%& () -1 S10%&' ()- FL  10%&' ()- & 10%& ()- 10ZZ

102ZuV707ZS, 1Q%&bfning 4 QeI ok At

%40%& () - K~5dEU -

109 ()- j 2dEUV70ZZS, @mi0%: ()-s! 10% ()- 10%& () - $10%& () -

@109 ()-s109%& ()- 2|~ @Zzl y109%& () - LMLOY& ()- 9&10%& () - I

13. - The method of Claim
12 wherein combining the plurality of non-temporal

instructions into the single write transaction is to be done in response to each of the
plurality of non-temporal instructions being a non-temporal instruction.

14. The method of Claim
13 further comprising:
completing a second plurality of non-temporal instructions in a different order

than fetched.

15. - The method of Claim 10, wherein said instruction is a MASKMOVQ
instruction which is a byte mask instritction to copy bytes indicated by the mask value

from the register to the memory location, wherein said mask value comprises a plurality
of bits and wherein each single bit indicates whether a respective byte of the register is to

be copied to the memory location

16. The method of Claim 15, further comprising:
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10. 10 10' 109 ()-!% 109%& () - 03 JAN 2003
2i X9~ @ZZ3%0%& ()--! 13%0%& ()-- S$10%&' ()- ! DS$10%&' ()-"!.3F

mba0% & ()-!3F mbdO%& ()->#}rg\ =0ZZy&10%@& ()-F 10 10

10s- nPA0%&' ()- @ s- nmbAO%R ()- @$YA0YB& ()- @ | s$UL0%& () - @' r gdEg\ =0ZZ&

Y4 O%ER 0% Yf 1 b

I q! dE%/ (:Z)(zfg/&%@% @‘%{1%%@ %ac "gﬁﬂow%a% e°°i‘%’§f§‘@28"?§‘)“s& W%%(%)
Z#10%QV& LU e ###SSAE: [ 10

100G () SHEIPBY AL & SorOuRaRNS date ity apgof SUE RSP SSHANEY M 10
@ 10%<&’ ()-9@10%& ()-95G 10%& ()~ 210%& ()- y10%& ()-0' 10%& ()-
10@MRA ' ' dEsid magmlepory) 9k Openamd gﬁiy&s& matches ppo@k: () -2 plurality of

1 109%& () - 9#109%& () - | g#10%& ()- 'F(())*[++dE:/ 10@®
3#10%<& () - L, 3ddrvesss [n - S* BlOMreditdctork##10%<& () - | $10%<& ()- 10%<& () -

17. The method of Claim 15, further comprising:

executing a MOVNTPS move instruction to copy four packed floating point numbers

from a first register to a first memory location;
preventing storing of said four packed floating point numbers to said cache memory:
executing a MOVNTQ instruction to copy integer data from a second registerto a
second memory location;

preventing storing of said integer data to said cache memory

18. The method of Claim 17, further comprising:

treating non-temporal data differently at different levels in a cache

hierarchy
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+trt+, , A-bC 10@HFLO%E () -f LO%E () - & 10%&' ()-4' YL10%' ()-M 10< 100 3 JAN 2003
10<°510%& ()-A--.</E///dELC 10@" 10%& ()- @ 109%& ()-109%&' ()- %0%& () -
. T#10%& ()-s$10%& ()- /5000(1yl1dEbC 10@ F109%& ()- F(10%& ()-f&#109%& () -
'$1109& ()-3""109% ()-3& @10%& ()-12_3333333bC 10@A0%& ()-y&l0%& ()- 10
10 10510%& ()-.#10%& ()-", 940%& ()- 33K444555aBbC 10@Q
10%2& ()-!10%& ()-!110%F& ()-S 10%& ()- #10%& ()- f9 10%& ()-
555C66748dEbC 10@ #S#10% & () - F#10% &' ()- y3%0%& ()-yl0%& () -
s10% & ()-3"10%& ()- 48x999L:::dEbC 10@4"10%& ()-2F"10%& ()-0g
10%& ()- .10%& ()-S, -#10%& ()- 3%t10%& ()- :O P, QR ;e; <>~\:
10@ ( 294 09@Af) apppre@ERRIDIFING:. | 1096-+8& () - y&10%g& ()-Y 10z 10z
10z96%$10% & () - >v>?~@\BC CzX9.: 10g(4%40%& ()- !6(4%0%x& () -
| 6( 4%40%E. (3 cachd iRy (9 stbredlflility) oIS @Ed & philCrelacsiaedmifiresses;
a register;
an execution unit to execute a first instruction to perform a move operation using a
mask pattern, said mask pattem to indicate which portions of data from said
register are to be stored in a memory location, said first instruction to prevent data
moved by execution of said first instruction from being cached in said cache

memory.

20. The apparatus of claim 19 wherein data from said register is prevented from being
cached in said cache memory at least if said memory location was not cached prior to

execution of the first instruction.

21. The apparatus of claim 19 wherein said first instruction is a MASKMOVQ
instruction, and wherein the register is a 64 bit integer register, and wherein said
MASKMOVQ instruction is a byte mask instruction that copies bytes indicated by the
mask pattern to the memory Jocation without caching the bytes indicated by the mask
pattern in the cache memory, and further wherein 2 single bit indicates whether a
respective byte of the register is to be copied to memory, and further wherein a logical
0 in the mask pattern corresponds to no write (mask) and a logical 1 in the mask

pattern corresponds to write (unmask).
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10%2& ()-& 10% & ()-&L.2"10%& ()- f@0%& ()-&10% & ()-33M0% & ()-Q 31(‘!%” 2003
10gCGDDDD: EEdENN/  10%29z#10% & ()- 9#10% & () -

C10%& ()-& f10%& ()-1#10%& ()- &' 10%& ()- EE: GGGGRHIEMNV
'10%9*#10% & ()- ( 10%& ()-9S&10% & ()-s$$10%& () -

O@#10% & ()-ss$10%& ()- RHHH'I ol 1 JJJdE:/ 10z 10z996g 10%& () -
94g#10% & ()-210%& ()- 9010%& ()- YF.#10%& ()-9y, 10%& ()-

JJI"J" It KKM WKY: /

10znPA0%8%: (Thexampaatay pf eleim dPorhqryinyspid magked) movp ipsguetion 1819 dirie ppsk
10z{ MNOdPPRaRdE: / 10z4$10%0& ()- &L--#10%08& () - +4" 10%&' () -

& $f #10%08 ihgtrztiol XRUQDp(es-byySHhOREted )by thBRRRRRRRAASEt0@he fahory location
"109%& ()-" 10%@ ()-3f-10%@& ()-f&0%e& ()-Y 100 100

1008 6" 10%y% m%m% cache memo
10z° $F°/<100/@ () L# ‘V&gﬁ?c&' () ! FW&O%&L ()-s$10%a& ()- !.s$10%P& ()-
0"10%& () - XY-Z>Z’?Z@NZPZUZ~

23. The apparatus of claim 22 wherein said mask pattern comprises a plurality of bits,
wherein a single bit indicates whether a respective byte of the register is to be copied

to memory.

24. The apparatus of claim 23 wherein a logical 0 in the mask pattern corresponds to no

write (mask) and a logical 1 in the mask pattern comresponds to write (unmask).

25. The apparatus of claim 24 wherein said apparatus is to store data from the register in
the cache memory if the memory location is already cached in the cache memory and
to otherwise not store data from the register in the cache memory and to not perform a

cache fill in response to said first instruction.

26. The apparatus of claim 21 further comprising a second cache memory, wherein only

one of the cache memory and the second cache memory is updated.

27. The apparatus of claim 24 wherein said apparatus is defined by data on a computer

readable medium.
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10zf, 10%&' ()-L MLO% ()-&10%& ()- 10@ 10@ 03 JAN 2003
10@ - $109@& ()-! (" - $109Mh& () - UZ[\\ 2\\\ dE~_@

. 10zs' 1 10% ()-3"10% ()-L10% ()- Z10% ()- F3%A0% () -

SH109& ()-\M]]5"* _dB~ @ 10z! NY$$L109%& ()-Y'! 109& ()-L ! 109%& ()- 109%& ()-

(1109& " 100 b 10
v (g, ( ;i%) ggf&ﬁ% of fnf‘am 5 wherlem Brackizlne B0, (ARBARYIE e e

| S10%& () -, 10%& mL0Y%H 109%& (
102! f 10% & "?3’“0‘@'1 S??Ddl &%ge (xyemgfé[%glﬂ?))n]i? PSS é(t)e{.i)m rgstpggga%ﬁ%@ﬁrst
10%& aabZbbb?caBb 10z!
Q- instruction bem?a nonz-temporal instruction if said memory location is not cached in

said cache memory.

29. The apparatus of claim 24 wherein said apparatus is a processor that supports an

instruction set compatible with an Intel Architecture instruction set.

30. The apparatus of claim 24 wherein said execution umit is also to execute a first non-
temporal move instruction and a second non-temporal move instruction, each storing
a different type of data, wherein the apparatus, in response to either said first non-
temporal move instruction or said second non-temporal move instruction is to prevent
a cache line fill to a memory location specified by the first non-temporal move

instruction or the second non-temporal move instruction.

31. The apparatus of claim 21 wherein said execution unit is further to execute a first
non-temporal move instruction which is 2a MOVNTPS move instruction for copying
four non-temporal packed floating-point data elements from the register to a first
memory location, and wherein said execution unit is further to execute a second non-
temporal move instruction which is a MOVNTQ move instruction for copying non-
temporal integer data from the register to a second location, and further wherein both
said MOVNTPS and said MOVNTQ move instructions prevent copied data from

being cached.
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'S1090& ()- %40%& ()- #10%& ()- ! | 10%b"b& ()-, YL0%E ()-|
1090& () - '>c|ccccccccbc 102! & 109%& () -, &L0% ()- 10b 10b 10b° 910%& () -
Cf,10%& ()- & mlO%& ()-c*dsdddAeedEbC 107! 109%& ()-sf! 109%& ()- 10%& () -
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MOVNTPS move instruction for copying four non-temporal packed single precision
floating-point data elements from the register to a first specified memory location, and
wherein said second non-temporal move instruction is a MOVNTQ move instruction
for copying non-temporal integer data from the register to a second specified memory
location, and wherein said cache line fill is prevented in response to the MOVNTPS

or the MOVNTQ move instruction being a non-temporal instruction.

33. The apparatus of claim 32 wherein said apparatus is to combine a plurality of
instructions into a write transaction for issue onto a bus in response to each of the

plurality of instructions being a non-temporal store instruction.

34, The apparatus of claim 19 wherein said apparatus is to combine a plurality of non-

temporal stores into a write transaction for issue onto a bus.
35. The apparatus of claim 34 wherein said apparatus is to combine the plurality of non-

temporal stores in response to each of the plurality of non-temporal stores having a

property of write combining.

36. The apparatus of claim 35 wherein said plurality of non-temporal stores that are

combined into the write transaction are stores to a single cache line.
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instructions.,

38. The apparatus of claim 19 wherem the first instruction has a property of write
combining, wherein cacheable stores to a same cache line are combined before a write

is issued.

39. The apparatus of claim 38 wherein non-temporal data is treated differently at
different levels in a cache hierarchy comprising the cache memory and at least one

other cache memory.

40. An apparatus comprising:
a cache memory to store a plurality of entries and a plurality of associated addresses;
a register;
an execution unit to receive a first instruction having an opcode that indicates the first
instruction is a non-temporal instruction, said first instruction indicating a store of
a data item from the register to a memory location, said execution unit to prevent
storing of the data item into the cache memory in response to said opcode,

wherein a plurality of instructions, including the first instruction, are to be
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41. The apparatus of claim 40 wherein said first instruction has an operand address, and

wherein said cache memory is to update data written by the first instruction if said
operand address of the first instruction is indicated by one of said plurality of
associated addresses, and wherein said cache memory is, in response to said opcode
indicating a non-temporal store, to not update data written by the first instruction if
the operand address of the first instruction is not indicated by one of said plurality of

associated addresses.

42, The apparatus of claim 40 wherein said plurality of non-temporal store instructions

that are combined into the write transaction are to a single cache line.

43. The apparatus of claim 40 further comprising a fetching unit, wherein a plurality of
non-temporal instructions received by the fetching unit are performed in a different

order than received by the fetching unit.

44. The apparatus of claim 40 wherein only a single store is to be visible on an external

bus after a plurality of successive non-temporal stores write to a single address,
45, The apparatus of claim 43 wherein each of the plurality of instructions has a property

of write collapsing, allowing only a single store to be visible on an external bus after a

plurality of successive non-temporal stores write to a single address.
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to update main memory in addition to updating said cache memory.

47. The apparatus of claim 45 wherein the cache memory is to determine whether or not

to update main memory in addition to updating said cache memory.

48. The apparatus of claim 40 wherein non-temporal data is treated differently at
different levels in a cache hierarchy comprising the cache memory and at least one

other cache memory.

49. The apparatus of claim 47 wherein non-temporal data is treated differently at
different levels in a cache hierarchy comprising the cache memory and at least one

other cache memory.

50. The apparatus of claim 40 wherein said execution unit is to execute any non-temporal
instructions chosen from a set consisting of:
a move 64 bits non-temporal instruction;
a move four packed floating point instruction; and

a byte mask move instruction.

51. The apparatus of claim 49 wherein said apparatus is to process as non-temporal
instructions an instruction set comprising;
8 move 64 bits non-temporal instruction;
a move four packed floating point instruction; and

a byte mask move instruction.
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53. The apparatus of claim 52 wherein portions of the register indicated by a logical ‘1’
n the mask pattern are written to, and portions of the register indicated by a logical

‘0’ in the mask pattern are masked.

54. The apparatus of claim 40 wherein said apparatus is defined by machine readable

data on a machine readable medium.

55. The apparatus of claim 53 wherein said apparatus is defined by machine readable

data on a machine readable medium.

56. A method comprising:
receiving an instruction having an opcode that indicates a non-temporal instruction
and an operand address which is an address at which an operand data from a
register is to be stored in response to the instruction;
preventing said operand data from being written to a cache memory in response to the
opcode;
combining a plurality of non-temporal stores, including the instruction, prior to

issuing a store to a bus.

57. The method of claim 56 further comprising:
if data associated with said operand address is already cached, then:

caching the operand data;
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so writing the data;
if data associated with said operand address is not already cached, then writing the

operand data to the second memory;

58. The method of claim 57 further comprising:
performing a plurality of non-ternporal store instructions in a different order than they

were fetched.

59. The method of ¢laim 56 wherein combining the plurality of non-temporal writes
comprises combining a plurality of writes to a single cache line into a single write

transaction.

60. The method of claim 56 wherein combining the plurality of non-temporal writes
comprises collapsing a plurality of writes to a single address into a single write

fransaction.

61. The method of claim 59 wherein combining the plurahty of non-temporal writes
comprises combining the plurality of writes to the single cache line into a single write
transaction in response to each of the plurality of non-temporal writes being a non-

ternporal instruction and therefore having a write combining property.

62. The method of claim 56 wherein said instruction is a mask move instruction and
wherein the method further comprises executing said mask move instruction by

selectively moving data based on a mask value,

63. The method of claim 62 wherein said instruction is a MASKMOVQ instruction
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wherein each single bit indicates whether a respective byte of the register is to be

copied to the memory location.

64. A system comprising:

a main memory having a plurality of main memory addresses each having a
corresponding data entry;

a processor comprising a bus interface and coupled to said main memory;

a cache memory to store a plurality of entries and a plurality of associated addresses;

a register;

contro] logic to receive an instruction that is a non-temnporal store instruction having
an opcode and an operand address, said control logic to prevent, in response to the
opcode, caching of data written from the register to a memory location in
accordance with said instruction, said control logic to combine a plurality of non-
ternporal stores including said instruction into a write transaction issued on the

bus interface.

65. The system of claim 64 wherein said control logic is to cache data from said register
if said operand address is indicated by one of said plurality of associated addresses,
said control logic to not cache data from said register if the operand address is not
indicated by one of said plurality of associated addresses in response to saxd opcode

indicating a non-temporal store.

65. The system of claim 64 wherein the system is a single processor system.
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93] c" A "Béf allht spstemgofiphirEot Wherein the instruction Is a masked move instruction
(MASKMOVQ), to perform a selective copying, based on a mask, of portions of data

from the register.

67. The system of claim 64 wherein the instruction is a MOVNTPS instruction to move

packed floating point data from the register.

68. The system of claim 64 wherein the instruction is 2 MOVNTQ instruction to move

integer data from the register.

69. The system of clatm 64 further comprising a plurality of registers, wherein said
control logic is capable of executing a plurality of program instructions in a software
routine in the main memory, said plurality of program instructions comprising:

a MOVNTPS move instruction to copy four packed floating point numbers from a
first register in said plurality of registers to a first memory location and to
prevent storing of said four packed floating point numbers in the cache
memory;

a MOVNTQ instruction to copy integer data from a second one of said plurality of
registers to a second memory location and to prevent storing of said integer
data to said cache memory; and

a MASKMOVQ instruction, to copy integer data from a 64 bit integer register,
wherein said MASKMOVQ instruction is a byte mask instruction that is to
copy bytes indicated by a mask pattern from a third one of said plurality of
registers to a third memory location without caching the specified data in the
cache memory, and further wherein a each of a plurality of single bits

indicates whether respectivc bytes of the 64 bit integer register are to be
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copied to memory, and further wherein 2 logical 0 in the mask pattern
corresponds to no write (mask) and a logical 1 in the mask pattern corresponds

to write (unmask).

70. The system of claim 69 wherein each of said plurality of program instructions has a

property of write combining.

71. The system of claim 70 wherein each of said plurality of program instructjons is a

weakly ordered instruction.
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