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APPARATUS FOR MOVI NG SELECT NON- CONTI GUOUS BYTES OF PACKED DATA In AD8AU& !
| NSTRUCT! ONyBAGHGFROUND OF THE | NVENTION 1. Field of the | nvegtriusay/dises
present invention relates to the field of conputer systens and, in
particular, to a nethod and apparatus for noving sel ect) non-co
bytes of packed data in a single instruction. 2. Background Infmmmummummmwm
Comput er technol ogy continues to evolve at an ever increasing rate.. &0
are the days when the conputer was nerely a business tool primrily used
for wordprocessing and spreadsheet applications. Today, with the evolution
of multinmedia appllcatlonﬁwIE uter systens haye becone a commobn hone

Ef

el Sct aonl ﬁ alppl i ance) muc f\h’éﬁ*’%’r"e‘\ﬂ”éfeﬁ I\éﬂd“ﬁ&ﬁésﬁ ere?) system
appl 1 ance has Bﬁcﬁ*ﬁéwﬁrrgggﬁg Bl FERED N Bla ORISR on an

appropriately configured conputer systemw || function as a tel evision set,
a radio, a video playback device) and the |Iike. Consequently, the market
popul arity of conputer systens are often decided by the amount of nmenory
they contain and the speed at which they can execute such multinedi a

appl i cat i onsBAThareNkOR THEINVANTIDE art wil |l appreciate that nmultinedi a and
comuni cations applications require the mani pul ati on of | arge anmounts of
data represeht ed gl&‘-%@bﬁ-llﬂ‘ﬁﬁﬂ%er of bits to provide the true-to- Iife
renderi ngs of aUd'TB and vi.deo .we egatvet c\er‘rﬁ ]tdo ex%ect. For ex n‘,) d
render a 3D graphi € PIaFYd" dibahi <6t odnGHE!d Bl CORRIET LM HANds ITPATHEY g
processed. P é)Fnbt%E 2Rl %Fﬁﬁaﬁi% ?orvr\pﬁﬂ gh pvE ntec :?L?%h?rl?bﬂgm%a&%d b4 %, 2

consunm ng ei ght i nst tions aré | I ord o rende
such a 3D gr sipRieGnstruction.

2. Backeround Information

Computer technology continues to evolve at an ever increasing rate. Gone are
the days when the computer was merely a business tool primarily used for word-
processing and spreadsheet applications. Today, with the evolution of multimedia
applications, computer systems have become a common home electronic appliance,
much like the television and home stereo system. Indeed, the line between computer
system and other consumer electronic appliance has become blurred as muitimedia
applications executing on an appropriately configured computer system will function as
a television set, a radio, a video playback device, and the like. Consequently, the market
popularity of computer systems are often decided by the amount of memory they
contain and the speed at which they can execute such multimedia applications.

Those skilled in the art will appreciate that multimedia and communications
applications require the manipulation of large amounts of data represented in a small
number of bits to provide the true-to-life renderings of audio and video we have come to
expect. For example, to render a 3D graphic, large amounts of eight-bit data must be
similarly processed. Prior art processors would have to issue a number of time

consuming eight-bit instructions which are identical in order to render such a 3D graphic.
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0 8 AUG 2002 w0 99/ 50757 PCT/ US99/ CsS893 7 To inprove the efficiency B§ AUG 2002
mul timedi a applications, as well as other applications with simlar
characterigbigggrsthe Single Instruction, Miultiple Data (S| MBrT/OSORESSOr
architecture has been devel oped to i nprove conputer system perfornmance by
processi ng several bytes of information in a single instruction. SIM
architectures take advantage of packing nany bytes of data within one

regi ster or nmenory | ocation, enploying a data type knoe=wnin the art as
packed data. Packed data generally refers to the representation of nmultiple
nunbers by a single value. For exanple, fopur eight-bit integer nunbers may

b d Db [ 32-hit r i f ight-bit. ts.
That F ey - mul e BIPR By P ERedd VRS er BB i LRl R 0T RS GBrAta of

a single in t 00D, ¢ 0r AG [ ' y i used to
process nul??%ﬂ%cﬁggﬁkgSeﬁgﬁ?éﬁ%ﬁééggggﬁaﬁ?hgHbg%%?%gye o%@?%ﬁ%% resul ting
in significapdhipetifOR{EBIRER dbvANRY IRABDOve INapH@E bya@dnh Yerfi¥nidicd bp ability to
process nmultiple bytes of data with one instruction, It has been shown t hat
t he SI MD pr geassing sevehdl beet uf mformadapald Sngle ientoomance | nprovenent s of
up to 4x over non-SIMD processor architectures, while inprovenents of 1.5x
to 2x are nore t\pMiaRrchitpesures take advastagploé patking meoy byigh 9! d4ie withisoenst i cal
4x performance i nprovenent has not been eachegh One reason i s the nmanner
in whi ch prif8¥Si& T BENBNHPEHEEsHRPIAY BBiA A WPe SNPVD HEYE apAcIPaekedatae: That
is) the 4x r.f or mance k of the SINM processor .architecture.cagn only be
nchi eved whactsPEh ey de Ry i PR BRI Rk b Be Y R ey e
simlarly pr %ﬁﬂ LS i i L& 2t
non-contigugﬁﬁgbytegp%ﬁ;ggglgg%&ggFﬁgggngﬂgyngﬁggﬁﬁgggggggéﬁ%%ﬁ%?iciencies
result due tranibbehadeg fduoeightibit kédneentdNSTHauRt maisplabateadfiddta maglbe cache
managenent. For exanple) a prior art nove operation (IvlIOvVQ SRCI, DEST)

typi cal | y nowésdrackebindaingld areranidfof edingle insthictist. sperrdingly(SHazle ) to a

| ocation identified by a second operand (DEST). As shown, the entire packed
data set | ddRtuFiieRmay bemeed togreqespymuliiplesinta glemsatsegsddsshvithisasingled by
DEST. Movi ng sel cté non.—conté'.%gous&tx)%t es .of the cpacked data identified by
SRC 1 woul d FPEGATrTESHHIRS InERIGRaE PGITNGRRS IMPIRYEFeASG 2002 WO 991 50757 PCT/ U

S99/ 04893 COne exmb?ezgzlggeﬁgﬁ%ab@ﬁ& @gﬁ{cggmuh@%ﬁeggf%ﬁ Gfthrone

non- conti guous bytes o ata'm e acco e y the test,

branch and vhithRtsg£rit BSs ©kn SRSk Uat iheSIMD ?roa@ﬁafgani@&rmudwcaypbbls ofrior an
approach, each byte of the packed data is transferred to an integer

regi ster, alpenfgrmande impeemespofidp ngdxrasdk nohiSIMDeravasskr lichit¢csuregstleld and a
branch is used to either wite or bypass witing the byte to menory. This
approach r ed@Pravemeaofteeloi2igre mete wpisal. dhgrealisd COUPIE Of Eagosev o fance

o movi g sdRERRIeah SR ORI VDiFFiEe: BF ASAEREotaEy (e FRBCLIMN (| onal
move. In theg, condl g{lﬁ'pgﬁg%gshﬁ@ﬁ&gp%éo% a?éhi&@@%%ﬁﬁg%ﬁggél@g'dgﬁt Fapsfer red

to an integer reégls orrespon e mask’ bit

is tested ange ¥ggafintddc@mafstithd SNAD piRSsor RAedhiteilifean balyWel dcRicbBewhyh e to

menory. This approach avoids the performance penalties of the branch

m spredi cti ahe extadised dfeldtadntbeddedowithintpatkedrdagare s ba similmblg prafesseddtyrtbet i ons
to identify and nove sel ect, non-contiguous bytes of the packed data.

Mbr eover) i ringtrigtionoin instaness wWherd selashmoe-condauqusdyes Of the Ragkeddathrede §et y

of . . L : ..
processed, inefficiencies result due to the need for multiple instructions and additional

cache management. For example, 2 prior art move operation (MOVQ SRC1, DEST)
typically moves packed data identified by a first operand (SRC1) to a location identified
by a second operand (DEST). As shown, the entire packed data set identified by SRC1
will be moved to the location identified by DEST. Moving select, non-contiguous bytes

of the packed data identified by SRC1 would require multiple instructions.



Tl t pl e instructions, the cache nmanagenent associated with these m,d)[il @llégm
instructions also results in a performance |oss of prior art SIM pr é r

.architect UngSog Bt is, those skilled in the art wll appreciaisbbais a
nove instruction is a series of wite instructions at the

m cro-architecture |l evel and) as such, require a correspondi ng nunber of
wites to the | ocal processor cache before updating the desired register or
main menory | ocation. Thus, the prior art nove instructions often result in
a nunber of internmediate wites to the |ocal processor cache, wherein nmuch
of the data witten to the cache w | nev§r agai n be accessed by the
processor, resulting in wasted cache resodrces. Thus, a need exists for an

i nproved SIMD ar c[PESXRHPIE CAABTIPHAT ARRIPIGHOSRAVIngh FRSF L AN GoRE U dY ek ed
data f toi - ti ] U killed.n th t wll
apprechate t e REETRELL PO oA Sh L 85k Brehth et Bt CehPCoBeseiinces and

ol Tow 0 8 Koo 502" 50 BorusrEs T ofihaRD e SRR ProekfRtyy Buhdtieddio

PCT/ US99/ 04883inkdpeaccpistatadlony with B cbhespbRGia R indgl bl ThBehabk BE ¥ esttd¥@N4 i on, a
met hod and apparatus for noving select bytes of packed data in a single

i nstruction bmnch saised exeithen waitd or istpasnyddngehet byot tat mempriesEmt approeett i on,
for exanple, a nethod conprises decoding a_single instruction having a
first operantdudenmpRymegs astpictiens. 2ng alse suifers ¢ nsffopawice denrityafoaneordrarabond
operand identifying a corresponding plurality of byte masks. Each of the
plurality ofP¥§ Cé‘oﬁasks identified by the second operand of the single

oo et 1oL R L AR A NS BpoadE L M ROl L ASH ALY

bytes identified yO e erand e nmov to=ani

| ocation basglpacRtd hfA% thé Bord@idnal MBvd he zﬁa@&ﬁa@ﬂi&mmobaeea&mgwio@ué' byt e
masks identified by the second operand of the single decoded instruction.

BRI EF DESCRI padkeiNd &3 isTirims BRANINGS nterer epiasedlongwithticonespohdinenadiesnr i bed

by way of exenplary enbodi ments, but not limtations, illustrated in the

acconpanyi ngThe masin bl is westedh arshuded kathr edandetnmes moen gtstrustion toavriteltemeyte & and

in which: Figure 1 is a block diagramillustrating an exanpl e conputer

system wi t hi RERIRIE h Thig @pproach avoids the performance penalties of the brarich misprediction
identified above, but still requires a number of instructions to identify and move select,
non-contiguous bytes of the packed data.

Moreover, in addition to the performance loss incurred with the necessity of
multiple instructions, the cache management associated with these multiple instructions
also results in a performance loss of prior art SIMD processor architectures. That is,
those skilled in the art will appreciate that a move instruction is a series of write
instructions at the micro-architecture level and, as such, require a corresponding number
of writes to the local processor cache before updating the desired register or main
memory location. Thus, the prior art move instructions often result in a number of
intermediate writes to the local processor cache, wherein much of the data written to the
cache will never again be accessed by the processor, resulting in wasted cache resources.

Thus, a need exists for an improved SIMD architecture and instruction set which
utilizes the packed data format in a more-effective manner. Those skilled in the art will

appreciate that the teachings of the present invention achieves these and other desired

results, as will become apparent from the description to follow.



'teachings of the present invention may be practiced; Figure, 2 |||UStr®H§E2ﬁﬂ
bl ock di agram of an exanpl e processor incorporating the teachings of 0
. present inv\gaLisgys7i N accordance with one enbodi ment of the pepeedlossss

invention; Figure 3 illustrates an exanple register file of the exanple
processor of Figure 2, in accordance with one enbodi nent of the present
I nvention; Figure 4 i I | ustrates a bl ock diagram of an exanple store

address, store data and | oad buffers of the nmenory ordering unit of the
exanpl e processor depicted in Figure 2, in accordance with one enbodi nent
of the present invention; 0 8 AUG 2002 99/ SO0757 PCTI US99/ 04893 Fi gure
5 illustrates a block diagram of an exanple L 1 cache controller

i ncorporating the teachings of the present invention and suitable for use
wi thin the exanple processor of Figure 2, in accordance with one enbodi nent
of the present invention; Figure 6 illustrates a block diagram of an

exanpl e wi tgugfgmbgq,ﬁ': rlﬁ\%mb corporating the teachings of the present
i nvention an thin the exanpl e processor of Figure 2, in
accordance W th ome.&mb@dicoents RE teﬁ&ﬁnﬂcﬁiﬁé‘ﬁreiéﬁvﬁ{%h&%. a method and
apparatus for moving select bytes of packed data in a single instruction is disclosed. In
a first embodiment of the present invention, for example, a method comprises decoding a
single instruction having a first operand identifying a plurality of bytes of packed data
and a second operand identifying a corresponding plurality of byte masks. Each of the
plurality of byte masks identified by the second operand of the single decoded
instruction are analyzed, wherein select bytes of the plurality of bytes identified by the
first operand are moved to an implicitly defined location based, at least in part, on the
analysis of the individual byte masks identified by the second operand of the single

decoded instruction.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described by way of exemplary embodiments, but not
limitations, illustrated in the accompanying drawings in which like references denote similar
elements, and in which:

Figure 1 is a block diagram illustrating an example computer system within which the
teachings of the present invention may be practiced;

Figure 2 illustrates a block diagram of an example processor incorporating the teachings
of the present invention, in accordance with one embodiment of the present invention;

Figure 3 illustrates an example register file of the example processor of Figure 2, in
accordance with one embodiment of the present invention;

Figure 4 illustrates a block diagram of an example store address, store data and load
buffers of the memory ordering unit of the example processor depicted in Figure 2, in

accordance with one embodiment of the present invention;



Figure 7 illustrates packed data-types suitable for use in SIMD procggadt 2002
architectures, according to one enbodi nent of the present invention; Figure
.8 is a flowdaptss | | ustrating an exanpl e nethod incorporat pagukigosses
teachi ngs of the present invention for noving select, non-contiguous bytes
of packed data) in accordance with one enbodi nent of the present invention;

Figure 9 illustrates the result of a byte nasked wite to a single L 1
cache line, in accordance with the teachings of the present invention;
Figure 10 illustrates the result of a byte masked write requiring a cache
line split across two L1 cache lines, in accordance with the teachings of
the present invention; and Fi qure 11 is a block diagramillustration of a
conput er r eadaBiiguretollagEatesadhogh disgram 9b paexameple hd cRdgCANTRer rfcornveatingabent

oL BT R B e RO b b T bR Flgure
expl anat i ?pm 2PEGLf i Fﬁgp@érﬁ%oc{i}ﬁ rrdde éés%gt iﬁg&{@gyrat lons are set forth

in order to provide a thoroug nderstanding o e present invention.

Hovever, it W IgighiQ @iPRAFRAa BISckISrak iof b tkdnbié BeitedddmbiRadirdunenddrSt ety
I nvention may be practiced wthout the specific details. In other

I nst ancestheweadhikgsmfnhd pretdm esemdorcandaanatbetdrived withingherpkamplegrdcessoeae of
expl anation. Furthernore) for ease of understanding, certain nmethod sups
are del i nEigurd 2ain sesprdancewsh epsembedimertrof thepresens Byyantinel y del i neat ed
steps shoul d n%t, be construed as necessari|l o;der deéaﬁdngent in their

per f or mance. aeurea yHus(e oS cerhqajarhypes suitable for use in processor architectures,

according to one embodiment of the present invention;

Figure 8 is a flow chart illustrating an example method incorporating the teachings of
the present invention for moving select, non-contiguous bytes of packed data, in accordance
with one embodiment of the present invention;

Figure 9 illustrates the result of a byte masked write to a single L1 cache line, in
accordance with the teachings of the present invention;

Figure 10 illustrates the result of a byte masked write requiring a cache line split across
two L1 cache lines, in accordance with the teachings of the present invention; and

Figure 11 is a block diagram illustration of a computer readable storage medium
incorporating the teachings of the present invention, in accordance with one embodiment of the
present invention.

DETAILED DESCRIPTION

In the following description, for purposes of explanation, specific numbers,
materials and configurations are set forth in order to provide a thorough understanding of
the present invention. However, it will be apparent to one skilled in the art that the
present invention may be practiced without the specific details. In other instances, well
known features have been omitted or simplified for ease of explanation. Furthermore,
for ease of understanding, certain method steps are delineated as separate steps,
however, these separately delineated steps should not be construed as necessarily order

dependent in their performance.



PCT/ L; S99/ 04893 To provi de a foundation for understanding the descri ﬁiﬁ§
of the alternate enbodi nents of the present invention, the follow ndlo AUG 2002
-definitionsy@qegsif ered: [Z:Y] denotes the nost significant pcAyusdndsdogast
significant (Y) bits in a range of bits. Those skilled in the art wl|
appreciate that the sizes provided are nerely illustrative and that data
ranges, bus widths, and the tike could be of greater or |esser size wthout
deviating fromthe spirit and scope of the present invention. SRCl, SRC2
and DEST: identify storage areas, e.g., nenory addresses, registers, etc.
COVPUTER SYSTEM Turning to Figure 1, a blgck diagram of an exanple conputer
system 100 incorperating the teachi ngs, of the present .nvention i

depicted, in acco?ﬁgﬁ%‘ggw F%ung%téongf gn et dlr&fft%f"ﬁ%scl“ﬁ\tl'gﬂto?gﬁa?‘fﬁ'ﬁ’?e is) in

accordance hBodifRERIPAR AlschlB BRI IVARE LOMhinb R B offeRq! | bed more

fully bel ow, conputer syst’em I's operative to nove select,

non- conti guous by{Zy)] Oﬁem&Kﬁéjmdﬁtsagnﬁﬁﬂaﬁfm Mastrsasii SéE 6Y e 18 WShess of
menory in response to execution of a single instruction, a byte nasked
write instr ukitd ohhase shilled MASKRIVG! | BRpretiateSRE2Ne sikks prosjuiedi 41t oadrtly, conput er
system 100 i ncl udes processors) |02a-102n which are operative to decode a
byt e masked Wuptrativienad tha daig sangepdpmidiy, apdihediesopld beof gseaterna lesroize )
and a second erand. (.S anal yze,individual bits of .data identified by
t he second oBgB%Wc#éafa(t‘f‘Egrz"&@SdBﬁXBW écchpgsquﬁe REPTS TV Pct i on (SRC2), and
nove sel ect) non-contiguous bytes of packed data identified by the first
operand (SRC 1) to an inplicitly defined |ocation based, at least in part,
on the anal ysis ofrthespnghyd gget: bits of data identified by the second
operand (SRC2). Accordingly) those skilled in the art will appreciate from
the description to follow t Riahtifyrsagegesntas)e.d.0Rvmbopaddresses, pedisitdsgct he

i nnovative mcro-architecture and the enhanced instruction set including
the innovative byte' nasked wite | ROMPUTERISMSTEM t he present invention,
overcones the prigr art Ilimtations of nmultjiple instructions and 0 B AUG
2002 WD 99, 50757 P edtesdes Plock e PEHL e”t’ﬁ'b"rs\%c?fﬁhﬁafeﬁ‘ém“ B0 novi ng

isglcgﬂ bn-non- ﬁxggxtpiogalf%ﬁ%heb%géﬁng%fof %Cﬁgsgntqﬂeéamxtoﬂ i?@epii&%,iiﬁ iact_40¥daq1%]:3 iwr}&done
embodiment of the invention. That is, in accordance with teachings of the present
invention, to be described more fully below, computer system 100 is operative to move
select, non-contiguous bytes of packed data to/from SIMD registers and system
memory in response to execution of a single instruction, a byte masked write instruction
(e.g., MASKMOVQ SRCI, SRC2). More specifically, computer system 100 includes
processor(s) 102a-102n which are operative to decode a byte masked write instruction
(MASKMOVQ) having a first operand (SRC1) and a second operand (SRC2), analyze
individual bits of data identified by the second operand of the decoded byte masked
write instruction (SRC2), and move select, non-contiguous bytes of packed data
identified by the first operand (SRC1) to an implicitly defined location based, at least in
part, on the analysis of the individual bits of data identified by the second operand
(SRC2). Accordingly, those skilled in the art will appreciate from the description to
follow that processor(s) 102a-102n incorporating the innqvativc micro-architecture and
the enhanced instruction set including the innovative byte masked write instruction of

the present invention, overcomes the prior art limitations of multiple instructions and



In accordance with the illustrated exanple enbodi nent of Figure 1, AUG 2002
processors) 102a-102n are depicted including a SIMD instruction setUB

. 130a- 130n, wespesishvel y, which includes the innovative byte meEsbsdowit e
instructions 132a-132n, to be described nore fully below. As shown,
processors 102a-102n are coupled to corresponding level 2 (L2) caches 10-1la
and 10n vi a backsi de bus 103a and 103n, respectively, and to system bus
10G or any other hardware/sof rware nmeans for conmuni cating with other
syst em conponents and each other. Although depicted with an L2 cache, those
skilled in the art will appreciate that a processor (e.g., processor(s)
102) may wel |l Qﬁve nnrg or |less Ievels.oflcache, and/ or .have_al |, gf t he
| evel s wit hi PYHECP GERSTERSCHIBHRNTCKGERF T BIE"HEELL T &Y ™% REPHXER §R'AdC bus.
As depi ct ed, g .1 s coupled to system bus 10G via nenory
controller 16§¥%é§§hg§?§é%“%%g¥hsonetines referred to as the north bridge,
interfaces systemiBugcot@écuhviith e f1lUsRhted BRAH 41O BhBYdimeh! SDFiRarLPE prRBEIAls) bus
116. In one enbodinent, the first 1/0O bus 116 is a high perfornmance
Peri pheral Caopsi10ph atadepigehineididgRCSIMD tigstruésordepl 302130 d, kaspéctivel®, bus 11G
is operative to support a nunber of /0 devices cunulatively referenced as
114. In one erhdui s tiegnnavatinpbete niaskest wiifendstustiansel 32g8-138er tbieve t o
support a nunbper_ of hig erformance 1/0 devices th requir he hi gh
per f or mance ggf%‘chﬂ’éorﬁ?‘ﬂ& BrdevhyStSHEW R R’%‘Ees‘f"/rbl%{i’é%e F?\”Pg Yenbodi ment ,
for exanpl e, ices i\nclu | gtal vl . epi ct ed,
first 1/0 bugujf?%’%ﬁélﬂggﬁvgﬁé@%)ocaghcggﬁéﬁgﬁ fignia K950 SARAA 38@?83% 118. In
one enmbodi MentspeSERN hnk/1Es{An bi8106 oRny BHLSHAIwEABAREAR fELRiFGeCt ure
(I'SA) 1/0 bus. As depicted,” second 1/0 bus 120 receives keyboard and cursor

control devi eembZhicatindivit dikkdgvietedmpbiénts eaieadhiotat.i Ahh@iﬁ_g\hidkgﬁ:)cdl@@n and
data storage device 128 having code 130 stored therein. Those skilled in
the art wi || aaf® echgttikoselsailled omhataer widheppemalBatreeprovasbdr (£.96 protessor(s)

addi tional or fewer system conponents w thout deviatin 0 8 AUG 2002 WO
99! 0757 PCT/ U83bmex8al Maremorner lewilevels of sachscaléordpve Hgofﬁh@%ﬁ&s vithjethei on.

For exanpl e, conputer. system.100 may, jncl ude, but, one ocessor 102

i ncor por at i né’r?cg‘gsotre%l‘_é nﬁ’d’g%‘f]'h 'ﬁz‘ﬁé’c%‘} B’é@?ﬁ%%ﬁ%t"@‘sorﬁso‘%ﬁl?&é? Y P RTReTY
system conpongpts ¢ ‘iéogn‘drsgétl:rﬂrb%s %fv %érﬁbrg%ﬁt‘i’olwrtlbs.“BhbﬁrigcfeOLFﬁ, of the
present invention. reover, except ftor processors) 102a-10Zn incorporating
t he teachi ngsoRk:ilRe rdltR&Lhdtasithy fiHH Bitige! AtPRclagsemirg 100 et dtfidsy bel ow,
syst em conponents 106- 128 each performtheir respective functions, as
comonl y knowmpiitioutpie (HOj or peipbeddi bgd 116. ttheye ambddiment, e finar ¥@eus dés ey & bed
here. Except for the teachings of the present invention) as_described

herei n) pr océdésiopeforopacedaipharad Compenere dntesonnas @¥dhbusarfys dpidedhdiwBdfO of
D bcessor s 10981155 0Ra8) 6t PORRE OmMER R O HOCEHEE DT Lt veBoRF e o oy
processors, igdilg ?&bh@i%ﬂgét Sl HATRIBE 116 ﬁg&rra%gg S8R nitfbet drond

i nstruction ors, and any processor.
PROCESSOR - ARG bl SLrfddRian PO @ A0HY atkqiireRhORIBA PoFfolnbe0s BAS 2t Pbvided by
teachi ngs of the present i1nvention is provided with reference to Figure 2.
| n accor dancehavfitsnl/Orisusanbothi orsminddirhdie, for esarple, i/ vdavidenhl4 prhdess digit2DO
may be beneficially integrated in to conputer system 100 as any or all of
processors) MJke-ckORre. Thus, in accordance with the teachings of the

present invention, tq be described OW, prpcessor S eratiye,to

nove sel ect, non- c‘%ﬁg‘ipg‘i}?)‘gsf‘srﬂﬂ(gE”%?Fép'éER‘égecg‘é?taasef?f‘dézgini)F?@Y‘Fla%‘s ggfl?‘ﬁed

| ocation, as result of e ut i i -yt i :

macro- i nst rudatoft OlesiedihEieath PRYREfisatiRulRs Spnad Anitecnre (154)

I nvention, PraGeasohs dbficled, sSEHIN/G BIPI2(BicBEvEaePBGIrd eiPcurs@bARS| devideer

and register file 206, ‘execution units) 208, address generation unit 210,
- menory subsysk2emaig l/andtvies) ¢4 tcominluaica@diBde vive(x) 42 G tand dhty sooageldedicad28

depicted to sel ectively nove non-contiguous bytes of packed data in a

si ngl e i nst r davingcodaddd siomdahtrgin. i Thoacgaiatiindles ait wH! anpeeqiate that Fempyger

exanpl e . . . .
P system 100 may well inciude additional or fewer system components without deviating



"0 8 AUG 2002 WD 99150757 PCT/ US99/ 04893 9 enbodi ment of Figure 2, pridAksEH0l
200 is shown conprising reservation station 204 coupled to execution units
. 208, addresso gepes7ati on unit 210 and nenory cluster 212 vi a FAITEERPOBIDUS
207. As depicted, nenory subsystem 212 is shown conprising nmenory ordering
unit 214 and L 1 cache controller 21 G while bus controller 218 is shown
conpri sing backside bus controller 224 and external bus controller 220.
Those skilled in the art may well recognize that processor 200 el ements 202
t hrough 216 are often cunulatively referred to as the execution core of a
processor. As shown, nenory cluster 212, @GU 210 and execution units 208
are coupl ed %o a WWiIB28$k bus %gp of the execuytion core, which su%P06ts
the specul at /08 HESPFE apf SGaps Of FSFEEEBT 1npeiHiona hor SYYRPY, CRIPRyIeLTYAIem 100

m cro-architectural inplepmentation pf processar 200. i rovided. in Fi.qure
2 “those. oki RS ML oFF Prretsp? erireBpaRgne fls Smited. SHBpESy tispich
changes may *?ﬁué?%ﬁgaorets Qi ﬁ%gaﬁoﬂ&mr&gnﬁgﬁméda%éerai,sat@dﬁ@nﬁﬁptﬂes etdtine

present invention. xanp nore or -l ess mcro-architectural bBlocks nmay
wel | be enpl gpechitifvamtive SMJresle), cReept EaMPro@esie) DY 304 imekegtiaha i n a
single instruction. As depicted in Figure 2, nenory cluster 212 is coupled
to bus cont r ghtlengPdf3he prekerdiimgnaut, aotie desoribed ot illly el @PGystant backsi de
bus controller 224, interconnected as shown. Additionally, extended bus
control | er 29emagnentsaldst2Fecaphperéerat their respectdg fypctions, 8SRIMANBKNOYR ity e

| ed t t v .11 i t | host . 106 d to L2 he 103
O e R Bt e et B Bl BB BEAE0S) o0 02, c2che,
that decoder 202 i:g 0perafi }é?acﬁjf?%adtﬁﬁf?c‘[jﬁrcéc%fnrvgﬁl%rpQ§fi£s?:ﬁ8kd’ﬁgcm{)fbrc9§§8§ssOr

200. For exanple, 7in agcordance € teachings o e presen

invention, Wigm-PHBF &S IREndR00 r8r&ieH Sy, RHUBERSKAEEMtivierbdsédriaalii on such
as, for exanple, the quadword byte nmasked nove instruction (MASKMOVQ SRC 1,
SRC2)) decodeaiicra@zciirecngesnjléraenmorms- Fosdxampld, procassdrcHI2aeH) 2axaaytveldbbe uni t s
208 to performthe required byte nasked wite. Decoder 202 may be

i npl enent ed eehplgxarsyruatiorbsat compuater €FIRED prasesrotsh sadiusers Instedtian segycompitemot
limted to, a ] ook-up table, programabl e | ogj rra PLA), state-tables,
and the |1 ke (RIS rsotesgeraosty (e dsimpen ek HUSHD) Ratesaors oheid pny sher type
enbodi ment o%ftpe resent invention, execution units) 208 may incl ude
circuitry to prF8SRFscalar and/ or SIMD operations on integer and/or
floating point data. In addition to recognizing instructions typically

i npl enented in general purpose processors, execution units) 208 recogni zes
instructions in SIM instruction BejcegdR Araruerrbies m ng operations of
packed data formats. In accordance with the teachings of the present
invention, to be @eecxampld afarpeodesdor yncbrpomiing ShavBa¢naes efché presenstinvepgon

i ncl udes the byte nasked wite instructjons gperative to e sel ect)
non- cont i guolisPTRYided Woth TRiSFsase gy rs h 1§ asPorgrees; With P'ﬂf’c?‘?g}?ﬁ{m@f“ %fgﬁ? se)

TNt pul at | ng PEREKABVPR, PratesSirng atrdy H EepBIety FdlpeBH [l 8,
coupl ed 10 1 qg) deto Pyl fieks PACsRE) SHA1 T2l STIROG AL kRN el RRAGK oPUS

230. One exanple an ar al register fife according to one

enbodi ment  ofthd fresdak GFeRdior, 1 BhddseribddbetRRipeé @Fsdr20Biigopeatdve thhnee slecl,| ed
inthe art will appreciate that register file 300 represents a storage area
on processor na3f@ofinguoss bytengfl pavked datt tooam imiphicltyddafiged dncation,rasacesdence

w th one aspect of the present invention, to be discussed nore filly bel ow,
regi ster fil EXSBONEAGINGHY 1QBATEd VTREMBEeanT B8 ers 310, integer registers
304, floating point reqgisters 312 I.MD reqi sters. 314, a reghsiers 308
and instruction pgf‘ﬁf%‘gd"’r”&@iwé'thé'%e (’?6%1“5%0@%@ &t ngl |V%%fﬁ?r§’g)fr3%% Sé)rgrggzsent
nvention. a sUENREShaRUPASSLAH SHeBlue bulfte BRE Alaidkei MO 206 [RECRIANAIRFO | S
used to store data rgent ying target |ocations) wherein select,

. non- cont i guoUH8hyddesss QEndRacdeachidEDAmably u®sydtdrh LED andbas excewlier 218, of t he
byte nasked wite instruction. Mre specifically, in accordance with one
enmbodi ment ofcobperagiveds emiplédasatepictad, to acleqtiFe B mpeghen-eentFROusbY S Af prsked al
registers 310 store data identifying the target |ocations) for the byte
masked writ e datsinmsinglomstrugiena A8ii@asive indccardanes With thet il usteeds138Wisrent  of
Figure 3, SIMD registers 314, 31G 318, etc. occupy the 64-bit manti ssa of
floating point registers 312, 313, 31S, etc.) respectively. O course,
alternative enbodi ments coul d support nore, |less and/or different
architectural registers and register sizes. 0 E AUG 2002




WO 99/ 50757 PCT/US99/04893 11 It is inportant to note that any regi ﬁ]tﬂ\UG 2007
architecture may well be used in accordance with the teachings of the

. present inugHLbeds; Some architectures, for exanple, provide d@iuso04893
predet er mi ned nunber of each of the foregoing registers. Alternatively, an
architecture may well provide for a pool wherein a particular register may
be used as a integer register at one point in tinme and a SIMD regi ster at
anot her point in tinme) such as in a processor that uses a regi ster renan ng
schene. It is also inportant to note that what is called a register may
well be multiple registers treated as a siyngle register. For exanple, a
processor may provide pultiple 64-bit regi'sters that my be used as two
32bit int egeﬁmgeg%ftnépg.f“ 1ZPRE 4, ProFRse 200 is $houm GPIRRIE IR TESEY oniioaci 04t e
that any of a_n er of altern rchitectures wel |l be used w thaut
dovi at 1 mg 1 r SRR Rrr i 28 et RSl bS TniT 2 S8 e e B Vg
with the desgrd.pt.i p : 5] i i
operati ve ooy Be e L e e TS oy e o et P oHHrking Hierh iy
reservation stdatingnid Q44 andlL a8y 26nttdIRr DI, SHIRDs cearfliee d1di shéon Second
operand of the decoded byre masked wite instruction, in addition to its
typii cal funcompnsing backdide bss et et 12drand bbteenas pecednitrodtd 320. iThoscsidlieadanc e
wi th one aspect of the present invention) address generation unit 210

det er ni nes wHStaTemay Mellirpeagaiza ghab prasessas lvafﬂtéls%gwwtzl&rm aften i gned,

and whet her the cess is lit, across cache.lines. If the incom ng byte
masked wr i t e HALEAYEY Fefeed A ds Baokeprian SO BhdPRSEHET | ATV AR

generation u@'“Elfﬁipﬁg{d‘?p:‘ﬁ%aaﬁ?f/k&ghgﬁamgr}(?%fmg E'(?.ﬂ)ééd[ 0% \WJc.BI!cktbf s?ﬁﬂ%?ﬁxe

ordering unit n ~I'haccordance eachings o he "present
invention, adg¢Rfsn G@ﬂ&%ﬁkh@{}pwﬁstmeZsﬂp@cmNeqrdaﬁe%fme&lblcéseordmewnﬂa@gh a

whet her the nmask identified by the second operand is a zeroes. I n one
embodi ment, aadicelas mjebarcijeonral ithpleRdMalidr 6f prddesodr 200ds prokdebiid Fidwrgatl her
and, if the result is a logic zero, it flags the masked wite as a

no- oper at i on thoNEORYillecaimgthe het wilhgppremate that micrperr¢hiediunl changes fmay bherade
processi ng. Myre specificall é‘ in one enbogi nment, the byte}masked wite is
never di spat iBQutdsviatingdiuhihespint e FoPe 94 the RIeREPEBY R o8eifiRg XA R AR eOr €

port dispatc of her ,stqr dn e Ll G i t he.. ry
0% au- saoz o oeTo e B Bn B Re HEDE EEEDRRL I nROE I, B0 RIR L
i n accordanc L Ab1et esent invention, address generation
unit 210 det §¥%E2gﬁ&§%t§§§?§% ﬁlgglr?ﬁlgfmg?&?he recei ved byte masked wite
instruction is allaszRpRes iaFgure?, ﬁrﬁmo?avle&exa'lm' Rebupled $6 Bgecohyrolirsxidr di ng
the masked wite as a NOP. In one enbodinent) nmenory ordering unit 214 is
conpri sed of irmndang eeraled bhy esmtrolidrf220 and badkeidd bioeifdrsrollan 4, yndersoreeted as
buffers, e.g., a store address buffer and a store data buffer. Accordingly,

menory or der SRRV unfddiiomaliynexrtensied bunepndtop e 2dcandrhacksigr pyseoatrolgn e 85 | oad
instructions,are perfo din one mcro-operatian.utilizin nl yxo0ne
butfer. |n abbordlnue o15 He SRETRHBATRECT TS W8 HEtrrBLPHBrtsurT o

bel ow, a byt e naskedh;W;i bekkiAsbidohl Ahbsma Si xteen-byte instruction, which
is dispatched as two separate ei ght-byte masked wite operations. One
exanpl e of menory Tabekeskiing infhearddd] Mpekcidisthatifiécddsr 102 ipoparathactoidacédie

bl ock di agram of Figure 4. As depicted in Figure 4, nenory ordering unit
214 conpri sesnstroaitbrisuédeared b9 Procsssor 20 dchresamplef neacca@ancenwith the teachings dat a

buf fer 408, coupled as shown. |n accordance wi.th one aspect of the present
i nvention, e&Mediressahinverition; when praersedrs2 0ueseayesAoy o magksdotite dpdBicHagy uni t
214 includes a mask field 406 for storin he mask of a r i e
masked wri t e SPsaS REEKERPIE| CBH%J“é%Sgﬁierfgﬁﬁ‘?gﬂﬁ’svﬁ l?ﬁ?@Fﬁo‘héﬁﬁ‘ﬁgﬂ?gﬁ-bi ts
|l ong. As will AeSGhd Pt ; ] :
identified b;§ Rtleﬂégggg&%g%ogre {31% oc%&?eﬁe by%éégtrlrllﬁs gﬁ@n&ﬂ%ﬂ%g&?ﬁxgﬁ? %ﬁnf S
recei ved unshog tegerfdranhaediufss bge Aekidd witeUDdcodd Q@ 0anthysteintterhéntéche new
eight-bit mask field 406 of each store address buffer 404. |If, nenory
ordering uni tusiag4ny scrabered abermatnaincechimsm$ ingmdaty besmot ened &,iadaokinpt  2x0
that the byte nmasked wite can be accommodated within a single cache |ine
of the L1 cad#he, peosammable ;Raiearay (Blkép state-Hoisuandhelike chunks [chum
3:chunk 0], nenory ordering unit 214 forwards the mask untouched to L 1
cache controller 21G If, however) the masked wite will span two cache
lines of the L 1 cache) nmenory ordering unit 214 0 8 AUG 2002



WO 99; 50757 PCT/ US991 04893 13 di spatches rivo separate masked write gg ayg 2002
m cr o- operations, one for each cache line, a condition to be devel oped In

. greater deia do/Jp@dow. Menory ordering unit 214 sends the magcTundbhiidsed for
the lower half of the line split and it sends the shifted mask for the
upper half. The lower three bits of the address are used to do the shifting
for unaligned accesses. The lower five bytes of the address are zeroed out
by nmenory ordering unit 214 on di spatches of upper half line splits, so
that the L 1 cache control ler will not rotate the mask again (nenory
ordering unit already sends the shifted @k in dispatch of the upper half
line split on a masked wriche). Thus, the, adjusted length for the upi)er hal f
of the line split!qpneembedimentofdhhpiient HYCHARXH 3¢ HEPT HREG LIPS IR  ctHist  of

the lower split) is also sent by megpry ordering unit 214 t | cache
control | er 2&‘"‘3,)“1'4{ g‘? pr;ri%(gb%céagg.?{tygr g@g%rolpﬁrél 0%%5“?3@67%/“ Oerlﬁc))ovz\’/. m@)‘?ﬁf@?g?ﬁa' of
the nmenory o I j: : d o)V aTAVET ] i Lt 214,

t he byte nas{(nfeicg{d\%ﬁﬂﬁ@%g&g@%@ﬁ&@%ﬁgﬁﬂg lglgntrofalﬂelﬁc’%%%l I ggneral, L
1 cache cont pRktRbrs2 &fedufioh! 8RAU(sRI0PrAIBEIMEK ihdthRIbRACIA SIMINinsiredtRM FEP®Y Y 110
and L2 cache 103. As will be described in greater detail below, L 1 cache
control | er 2fdSpedoimingpefatiohs df paakédbdans fodmb. daadverdiatawah diecadhinysrodl
signals, and a buffer used to service L 1 cache m sses and uncacheabl e
requests. Onthe presentuwyhetignita bol¢ssrib@imaedfuby pelow, REVB) ispatcginnoet 209e nmasked
wite from ne”ﬁ;;lé ro@li ng unit 214, it determnes if the nmask associ ated
with the byt BCHESK ¢ rsked WOKPRTIRIGHORSFOPSTAHVS &3 BIQ¥C SCHERLNONSPNLGERYS on t o
the simlar ' ' rfor med d [ it L1
cache cont roﬁf‘ ésregglli%%%rgggtgﬁgg S%&E%’rs%lycslﬁgh%gsct% 3%? ’rlﬁnm%gnggu En@n%sr%}g? geyi ng
unit 214 di spas aleigfe cﬁhé@l@ﬁﬁiﬂ%ﬁ:&t?ods?oﬁ?ﬁ;ﬁrﬁbdla@rﬂepdﬁﬁécfdé?ii. a split across
two cache lines, which presents the opportunity tor one of the two cache
lines to have a nmashklialeddolabsded, @Recutibhahit(sp208 41e comdd @redrdertauffet ahd 1 cache
controller 21Gwilt only be all zeroes if it is one of the two di spatches
of a line sptegistarddk 06 by irtternatmeriebadkstus 334.i Ons exaneple of drfarchitecps kegister i t e
dispatch is not a line split and the mask is all zeroes, address generation
unit 210 wouflls aa9wE ingiecr smborEngmt of de pacsantNarentigh & depicigsiin & igwrsed never

made it to ry,cluster 212.. as described.abayve 0 8 AUG 2002 WO

561 50757 poTT URESKIIRign BeAr BafiiRt Har e TR AE R0 Predethb sE g ates on
correspondin i | ; Sl g sl > I ! not
be execut ed. P rlsggﬁg}r%Wfoiggjgfgﬁgéfg%t&r%f InEFrUd%n%G&H'IIﬁ%(Ej%E%rC gu{; ac{?lgﬁgqéfa !(J)¢ t he
operation astt pgdent inReftitin$to tesdigdiesed ridie iMOFbeSd gt ibesike30 ifdMedes general
instruction will not be cached or buffered in L 1 cache controller 216, and
t her ef or e nopweqsesgistes 3bhtintegerbeg stesrB0d ol dbaeing 208t répisadgrs 342, SIMD agigers
masked write_ instruction is retired without further updating or tying up of
har dwar e r esdlthcesupregifainpi8 anthiagsucann painter Teasieitor Inane e@podiment pa@e
split us treated as a .non-|i lit acce ache contr ol %ﬁfiszw al ways

- LI
shi fts the nESRISTYGUER: FOREN PRSI CBISIE OhBeorRl PR 8 IsicR 410 issed (o

subsequent |y e A - | : sk 1o C r oes.
For -t ho. uppef Ry 2 BB B AR R-AHLRR, Plerdi Sl o AnRBEK IRL SigecD

| ower three BithSvillfbelWGn@teioRSecltioh of AWt RIALKRI WSE inskRcARESMoge shi fting
in this case since the lower three bits of the address for upper half |ine
splits are abpeceratigsin actortifreemagkoresnedodinzen o€ thefpoesenthisvdntineyanh@)DI

di spatch of a [ine split masked wite) L 1 cache controller 216 still

| at ches its HRHtesR0 withingarergdaesisers? 1Bstorpdate edentfyinaihe tares logation(spfasr y

correctly upqn di spatch of the upper .half. This.is, needed because menpr
orderi ngyunfﬁ’eé’f c a]aFlFedh‘ﬁV@ ‘E%HFRE% 1pacordanehivithdhc ﬁfﬁé&ﬁa‘F&'&gﬂ@fﬁcr}@ p)[;er

hal f of the ki [ . k QUle i . } . bl ock
di agram of a#%&géggﬁ@légggﬁgg\gd%{f lrs’g#ISlat’f[éS %be%}%gc%ﬂr) grrllt%gzIl \?\nf ?ﬁﬂirﬁe

- teachings of phiRerdMa8s8nL21318e813 QR rkipeONRIE NP UIRNblterhativeGaeiRiROME r O | er
S00 may be beneficial |y integrated in processor 200 as L1 cache controller

216. | n accordddceppart moted)&st emtybn diffsreof artiecprasensieismnd n¢giver, sizs. depi ct ed
in Figure S, L 1 cache controller 500 is conprised of a conparator 502 to
identify L 1 cache or buffer hits/msses) L 1 cache 504 to store cacheabl e
accesses, L 1 cache controller buffer S06 for servicing uncacheabl e
accesses or cache msses, and multiplexer 508 for selecting between the
output of L 1 cache Q4 or L 1 cache buffer 506 on | oad witebacks to the
execution core. In accordance with one aspect of the present invention, L 1
cache controller 216 will treat masked wites differently depending on the
0 8 AUG 2002 WD 991 50757 PCT/ US991 Gd893 15



" menory attribute of the instruction. In general, instructions may bd bAgs ¥l
two types, cacheable or uncacheable. However) there are a nunber of

_ sub-nmenorywy e thin each of these two general classes, eariusseosing L 1
cache controller 500 to function in a unique way. Thus, an overview of the
menory types supported by processor 200 is warranted. I n one enbodi nent of
the foregoing processor architecture, five different nenory types are
supported including v<Titeback nmenory type (WB)) a wite through nenory
type (W), a strongly ordered uncacheable nenory type (UC), an uncacheabl e
specul ative wite conbi ning nenory t<~pe SWC), and the wite protected
menory type (WP). The fIB, WP, WI and UC nenory types are _all well known to
those skilled in ftHelEPerIand HINPLE Akpt ABY TeBESIqT A EHEF UEFeBRY BB PCHEP®In The US WC
is a weakly ordered (e,q. r,ocessor execution. do not necessarily fallow
program or de?‘ic,orc{ﬁlnfff g’é%ﬁ%? Wgﬂﬁn%seo.sfé}.‘e, Prant Ryenfjon- g?fﬂ?i eI REFSe rﬁ%lar‘?ﬁe’
subsequent WhigleR fofla Brddblehfifneli lhinbortblehllPof i fatkddtn ehﬁge?@’Al%mé{mebj, afil
eviction condition (e.g., a fence operation) is received). I'n one

enbodi nent, 4MRidéAME BMWEL piovRR: fbBa PEYI SFhefBAR hiirtidllapfeg b thyHeWRY$ ay i t es
to or reads fromexternal nenory; therefore, USV4' C access never hit the
caches. USWCimepzk exbisien 4t @ge pomt iretirge add £SIMDeaegistehatyanothebpaeiat initinie, ahdheas

mer geabl e stores, but not readable, i.e.) they do not forward data to
subsequent i st prgeessonthat @es anmegidtecrgotroingischage. dlt sseadvaaipostantdekots that t e
(e.g., WB MASKMOVQ) ., only those 64-bit chunks for which at | east one bit of
the shifted WaaksFalled ayieisier mayevellde ultiplefegiparsdieaisa and angle Agistey e

eight-byte wites always wite to.two chunl.a.. The byfe enabl es denoted by
The ok sel SRR L OpERLeS PlidedRug D ot Bhy bR PAT % B SRR 3% o
w |l al so upgat ; IR i ' ' [ | an L
1 cache cont ?g?rﬁ%@gﬁé@g}ﬁ Fgr,tg%seﬁgggg%g%ﬁg%ng@ggecm ‘%’ﬁ?’gdg@%ﬁr USWC,
or UC MASKMOMQlierfdte architdctGie eayiaiSbdaysed wite ieddviginpakethe wpirt @r pg of VB
or WI nenory type)) L 1 cache controller SO0 allocates a buffer in L1 cache
buf f er BOG atid paeseatjuesntiors i ssued to bus 0 8 AUG 2002 WD 99150757
PCTI US99/ 0. ~593 16 caontroller 218. Bus controller 218 interfaces wth both
L2 cache 104 and S¢stiswngidripe dasgriplion ofsocasss d0Reiidress gevaatiandingted 0
wites that mssed L 1 cache 50a ﬁr unca;hgab.lte. rraslged wWites atl.wag/ts.urgdate
syst em menor §PFRGYe 10 Theeive hgyepied by e PIFKFL WEit Iairuqupn (1om, eSEryatiQh StpuoTt 4 che
104. | nstead; I t I j omL |
%9% ?r?ci_ér?a%l&%ﬁéé ?gtirﬁ'cl{sg?%c%q £y p@ :ﬁs&éﬁh deét{ekinﬂ deshd {1&&89&%%%

cache 504 an cac resent Ing the Tine n

excl usi ve or mabiddedrtliatituctioh, WadlkieR tdASK pical AMERGY ofdtidrds ¥eddratinge Mo
cache line if in nodified state. Cacheable nasked wites that mss L 1
cache 504 (esmec)ficdlR iaracforddiceduitnmte aspetiof the fokassit inveatibn, laddeesheggnesdtioce i t
was a mss, and the line is therefore not in L 1 cache 504, In one

enbodi ment, thié2Zhhdrteimingewhetheighe Intomiehy e BAtNCEMTEs INSTEstas 1pakenednndol | er
218 t hrough Q)ét@ enabl es. .L1 .cache cq%ar ol | ﬁr 500 i nclbu es guf fter control
field in L | “O50REMEGRtTDI BH BAPTSPThnt ¢hY RBISSaTe PigT<eq Wite
correspondin of i t i ) 2 t he
byt ¢ onabl ¢ PstpfortlsyoBt Sileplok ekt s AEETE AR Rl A0 MEGRTH
request. |In g 8BReHLIERNne shiit © redndty ordeding Lalt 21§ eAdditiSndlBS, & 4cR6rdaficeds
byte witten control field (not shown) of L1 cache controller buffer 50G
wher ei n t he khetteachivedslof shepresent mveimidnt edtiress gonsratandmial 10gperfdiBs aicheakant r ol

| ine 509, as shown in Figure ~. In one enbodinent, the size of data bus S08
bet ween LI cdetmnisonthedier dre matk identifisd by demnserond enerandgs alhgerere 198N si ze of
di spatch fromthe execution core is ei -bytes. W de, t.he byte enahles are
an eight-bit® i’%‘&@@%t“ﬁé@ﬁ%@'ﬁ%‘ﬁ?f‘ﬂ’ébg@bg %ﬁlf?ﬂttgﬁméghwsotpg%f‘%rlaﬂgs’?éheti ng
at the byte sigpa r £t L < above,
the functi on%bs’g nlli %%éééﬁ%@?éﬁ?& olﬁ?gjra 9’:%80»@(?% agggggjfpe%ﬁ&? ggds)?g %ﬂdg{a%rt, on the
.menory type @fsdubfod RSEAirds WitdubRIHAEr RbaGSEE e MorEasdaariallg, inRak embidinicas
(e.g., WB or WI) are non-tenporal. They minimze any disturbance in the
cache hi er ar digybyttpaskaiaetie ihneer dishayhddahdecathdentreed 2416, thavdbe disemg up
stores, whereas on cache m sses, they enmploy a no-wite allocate policy and
are weakly oithfesters nort dispaseinior 9iheg storas 25A SOEWHELFRHY OCEURYIRE WEIRCIRYTY not

ul adate the LRU bits, thereby mnimzing cache poll ution. 0 8 AUG 2002 WO
99! 50757 PCT/ U599/ D4893 17 In one enbodi nent, for B or WI nasked wites
that mss the L 1 cache, or US WC nasked wites, an L 1 cache controller
buffer Q06 is allocated in wite conbi ni ng node. Subsequent wites of the
same n~pe nerge or conbine in buffer SOGuntil it is fully witten or there
is an eviction condition (e.g., an incom ng UC operation) fence operation,
etc.). For partial, i.e., not fully witten, ~Tite conbining evictions

_____ N NN I " L o " - o v



byte witten control field in their respective L 1 cache controller 08 AUG 2000
buffers) 50G In accordance with one aspect of the present invention, Por
.fully-TitteRowsséist e combini ng, no byte-enabl es need be sentpSHOSB/ALHB
controller 218 picks up all 32-bytes of the line eight-bytes at a tine, in
accordance with the data size of internal bus 508. In one enbodi nent,
strictly ordered UC and WP masked wites behave |ike any other strictly
ordered uncacheabl e store. Upon sending a bus request, the appropriate
cache line of L 1 cache 504 and/or L2 cache 10.i is flushed. That is) if
menory aliasing occurred and the cache Iirfg targeted by the masked wite is
in L 1 cache 504 and/or L2 cache_104, the'l'ine is invalidated if in

excl usi ve or SERSYSiER 9?&‘@5?556?2% iThtein BEOKIaNes WERORG agheat pikhalpresante t he

line if in modifi.ed state. For.the.w.ite protected ( or rongl.y ordered
uncacheabl e ( 'I]_‘ﬁc&;’oﬂ’aagﬁl’écds FriTEen ”8?‘%\9’ dﬁ‘ﬁﬁ?’é’ﬁs \‘X}‘?‘g%fs‘wgﬁf‘r ﬂg{hﬁ r‘che(‘:‘éFéiW%M,
L 1 cache conRtiptd &%ite K : .enabl es,
in addition to Ssend?lrtlggl'(tg ﬁg&g)ggsr selggergér%g%i Hgé?‘fjesﬁg?%ﬁ F;(I)IFH '@Eggﬁéggé@%&@b"%‘ S
control |l er 2hSskedweidid PNOP. ne 509 and data bus 507. In accordance with
one enbodi nent of the present invention, data bus is 64-bits in length. -’
As will be descri bedneemboditiehy mrelooybrdeting ugiodl4 BlcbmprigetBoflimeatraly e thremer
three bits of the address to shift and align the byte enables, while the
length is us®4ifers adaadhvfispandiavosintbpulersie.g. he stassddrasn beffer andisotorawiata, f or
wites to a lLower half of a cache line split,. 8 AUG 2002 WD 99: S0757
PCTI US99/ 0~8 @ﬁ}l}?fs %?cor Gipelyr MEBET: HAFringHI 7 4&8&'8&?0% aariie Wik tutlarngl e

i ne, the da ' t. i1 fted fromL.1 cache contraoller .500 via data bus
507" 1 one. et R intREHbGs £F prckeifielt it oS ER R SRR AlemE R cRe ot ¢
data is shif tegfebVinlacdorBREReViEHe R boBImeRH 0 BELescABShblc Bifly BB, a gf&

adj usted length and the address are sent as received from ném)ry ordering
unit 214. Retmaskédgriteinktrectionlisis sikaesdy@Xadthlconiideh Taliépatdheproewssor 200
depicted in Figure 2, bus controller 218 is shown conprising backside bus
control | er 23@pagaiel eight-bydavashed wienpeoitions. (RREXxaBalelod mtendyy © raapimi rumi | 214
22.1 is operative tﬁo contro] accesses from L1l cache controller 21Gto L2
cache 103 vi d"HUs Ruilere inprovisiag in the bipsk diagram oEkiesRgdd bus control ler 220 is
operative to coordihate accesses fromL 1 cache . roller 216 .tQ.s em
Torory 130 vi o exCE IR LIRS 4 fmor, reRtn frE ARt (otniriies BTt 402
control |l er ages sdisksitRrkPPo4 SRGHE B9R Ala Bubfer RISIBRbIcH BY SRRHP Y, nt ed
in Figure G Turning St o} Flpgure 6? ggf)el ocak lgrlfé(glgra’m g‘éﬁ? cting t'kr:Ig aI%?] gf%?%ce
bet ~. veen busvithaiteragpéctiof therevafh ihtention ! RtRalen2Ossf 03+ addresd suffepngloed. I n
one enbodi nent, for exanple, the interface is conprised of e~, ~ternal bus
control | er Gd@Emdry outeciop darnCé4 wictuded himaskefradd € foz stoad tehaskFofgLreesi Ged
illustrates a bl ock di agram of exanple external bus controller 600,
operative t o bpEdBaskpd waije msepdiionedn erstembpdinentppaskiel 4 istaight-bitsdeng. e. g. |

el ements 202-.216,, ,0f byte sked wite ins ctions,,and to,calc

Gi Ght- bt undi OHE, SRAER FERTaASReEoRes BLSLE by 8ish ABEEeA 5 BA3REE ner
non-write conhii i i . 4.0 , engt h of
The tr ancact PReahdgr LB {dik @RS RORCEcBh it fRGed thfifde £ shillfesy 00

Fi gure 6, exigefigi@iondufit PIOHndQtdr&l in@Ondvwneibidisis mas fel@ B8O beedcBisiore alidretat or
@4, multiplexes 606 and shift and alignnent circuitry G02, cooperatively

coupl ed as shoffer404n accordance with one aspect of the present invention,
external bus controller 600 includes byte enable (BE) cal cul ator. 604,
operative to cal cif memasypedesnapniedl4 seeivesanipdicaion #drgssigsaeratien keihs .

I n one enbodi t. fqr exanple,.BE cal cul ator 604.cal cul ates the byte

enabl es. for . An iyt BrERBIER P tREPOTRchHLER Sndlh Expeige oY the L1
cache, e.g., 32 bytes broken into four 8-byte chunks {chunk 3:chunk 0], memory
ordering unit 214 forwards the mask unteuched to L1 cache controller 216. If, however,

the masked write will span two cache lines of the L1 cache, memory ordering unit 214



0 8 AUG 2002 W O 99!50757 PCT/ US99/ 04893 19 of the transaction receiggQUGQWZ
line GL2 frombus controller 218. In accordance with the teachings of the
. present i nwenddrgansy mul ti pl exes 60G i s operative to sel ect eipdrarsophesobyt e
enabl es Gl4 cal cul ated by BE cal cul ator 604 or, the byte enables Gl10
determ ned by the execution core for byte masked wite instructions and
provide the selected byte enables to shift and alignnent circuitry G2 via
line 616. Shift and alignment circuitry (02 is operative to shift and align
the byte enables Gl4 received fromnmultiplexes GOG based on the byte sel ect
address received frombus controller ? 18., More specifically, the selected
byte enables, e.q., eight-bits provided by the execution core qr calcul ated
by BE cal cu|%f§w3@eﬁy°éﬁmtﬁms 534 WHE ASHOAPREFATGRE P 6 ALt B 24N d INE e
three-bits of tne qd [ess of ft.he tFa aﬁ%?gn received via line 608 to

X - Bi

generate the°(°§"|d ¥R V%I%eél BEEBIGSSR) oyéd by system nenory 110. In one

enbodi ment of thepq RBldelinY @Rkt RO serdB tHetmARAIn3hiIN M he FIvies WairloY Qe
outputs a sixteen-bit byte enable via [ine G118 to external bus 106, as
shown. The ugipieandit deatethe Shiflet nidisk Sorvhd Lipgee halfl Thetoes thee bits ohthek- al i gned
access. SIMD I NSTRUCTI ON SET/ BYTE MASKED WRI TE G ven the foregoing

ar chi t ect ur addddess @rd peed om dothephifties Soundgded acssgsor Ahebwirtflvetbiyesto€gehi ngs
of the present invention, an enhanced SIMD jnstruction set wll_ now be

i ntroduced, addressass sareedeutty NIRRT @&dering MR ddh ondispaiches o wpsevhalflingit o t he

carl i or i 15706 s EOG) Gaebh e uR KOG PR gt o S ARSI o
Figure 7, 2 Qurher. 0l Al AL ke RAGKAIHRA JYRSS X Rl BRL SR, AREREHI N0

to one exanpl e enpodi nent o e present I nventli n particul ar,

packed data ¥atdyRtrhud tRe hdjlsied leag@dod the Eﬁ;ﬂ#h@lfﬁf(m libgitee tHORngasrked
word 720, packed dotrbleword 730 and packed quadword 740. Packed %yte 702,

i n one enbodihremcroinstinetiommens itlon pf ihs Iewertsphif) ouialsdbans bly omgnre Ddrddring

contai ning ei ght one-byte el enents 704-718) respectjvely. Cenerally, a data
el ement is awnil Ak tei lduedchp reiwligr 2 kfafa reaspnsgo Agdeswiped wore il .

PCT/ US99/ Q0. t893 2Q th S stored in.a single register. (or nmenory.|location)
W th other data eDeHoRl of Be Temoms aier FRIRRI A AP BB AR OFO e

Bacbi ts | ongti TR Bt fypfiBhb £, SEF by L Stk 1 pli 1 Bl
Accordi ngly, cdroRBE2 FTRAEARIN meBBS AR U Widf gﬁltén? iRy 180 2 8fkdhe

conprises four 16-bit words 722-728) respectively. Packed doubl eword is
64-Dbi ts | onglEdASaill e Assctibed i3 Zrdater detailibélowpl. tsachd2oanslief 346 corsipediei vel y.
Packed quadword is 64-bits |ong and contains one 64-bit quadword 740. BYTE
| VI ASf ~ED WAL TEadhiiSTeRUCRacNSlatanangdéoe centenh signali,tand e ffaspredtio sfrvich & | paeteent
invention, a newinstruction is introduced to SI%B iggéructi on set 209

whi ch enabl eMmésread) unfarheablarsyssusORsRlelscashe pRRUaaEr Gk 20Cepis the ¥ a
single instryctiop.,ln rticular, SIL.MD i.n uct i on.set. 9 _includes the
byte masked TesBrim R T B P el 14 el Mingir GEmah SRl T e
above, the b vadwe : ey ; ‘M, tYpe.
A cacheabl e %%éﬁ@ngéggndagW| te{eﬂf F??{ﬁé&%gmcaché@ (-g}?téf gealfﬁlin&ﬂétwli%m%{c
cache) ni ni ni@egnipgidnidrfonmed by beires gberijonneit 210081 cagetcbrrdlRd 26 hfay A
cacheabl e byte masked wite m ssing the cache is non-tenporal and adheres
to a weakl y- gselperformwsuche-tess base menpay erdeyng unihdkedispach phemaskadrwidteiion
bypasses all processor caches. In accordance wi th one enbodi nent of_the
present i nveRerdnonefhalipda salit a5oss RO FAFNE lifress REUFHRISHARGY (Ge MepertmixdRMOVQ)

Instructi Onsorilcsotatﬁe fr\% lcz(xjc\f\n% -lines to have a mask of all zeroes. That is, the mask arriving at L1
cache controller 216 will only be all zeroes if it is onc of the two dispatches of a line
split masked write macro-instruction, i.e., if the masked write dispatch is not a line split
and the mask is all zeroes, address generation unit 210 would have canceled the write as

a NOP, and it would have never made it to memory cluster 212, as described above.



" MASKMOVQ SRC1, SRC2 (1) In accordance with one aspect of the presentgg AUG 2002
i nvention, the byte masked quadword nove instruction (MASKMOVQ i s
_operative twpeofhsgure processor 200 to nove sel ect bytes ofpqrgiosdisnat a
froma first SIMD register 312, 31 G 318, ete. ("MM1 ") denoted by the
first operand SRC 1 to a nmenory location inplicitly specified by a

regi ster, using the byte mask |ocated in a second SIMD register 312, 31G
318, etc. ("MW") denoted by the second operand SRC2. Mre specifically, in
accordance with A B AUG 2002 w0 99150757 PCT/ US99/ 04893 21 one enbodi ment
of the present invention, individual byt eE4of data are stored fromthe WM 1

oot st gni {1 cant | BPCA SREETAGECVEHE YhEe TRk PEGHORdRERReE A A iyt e
nost significant oyt e
basis. As di v sk of  all zeroes wll, i ssu S,a .

her oby savi SaE B AaPen e galiar Rt sfersshEha Rt L1 R Sy BRyB Bl
quadwor d nove;sepanaiimly dfsthé)@;?c:’rﬁIngaﬁ, atIQO]?P\Iﬁ 1384 REhcOYRER O sighifids Bulthe

packed data register to an inplicitly defined I ocation. Conceptually) the
byte masked dfisadesordwitiove be padhad oo Bufiferyd EL Veasie domsolleoR 1 @wad thiekefore no
(MR[7])M4[edi] -MM (7:0]if (MW[1~])Mo4[edi+1] -MML[1~:8]if

( MVR[ 23] ) VB4fasaiestas ser/ral bio@nté]lef 2 X a8 13, yhvblifte diasiayd wielip]mictidd isf

(MVR[ 39J) Mb4[ edi +4J -%(39: 32]if (MWR[47J)1vi64[edi +~] -MML [47:40]if

( MVP[ 5~] ) Me4[ddsd-wthownmrthe: updpting evwvemze:p| SiNpag were respuccra el BemeTY

A di ngly, t t signifi . bit,. of byt f th K
B 10 GHRESn 1S, TR S R0 b 150 P k8 S B AR oy o
inthe W1 regig ﬁtrr?l!le?%rf 'af»ba‘j:? 59i¥:ltstﬂtl16e ﬁ%sln%&%ﬁékpé’r nmcle'an%ch!a‘a@r%E'sto a
menory location identifiéd a réegister (e.g., one of general registers 310).

Moreover, i Nagdafsseqnagy Werfdrhben 0at d5atdn dthBe Ribier@ekie torGnadyns drppve
operation, discussed above, any bytes corresponding to a wite enabl e nmask

wi |l m ni m zéepppkuhalhmeaeforanydaregiwhért] 4cadizsabe (radk udi®g the3owert three bk of
processor 200 incorporating the teachings of the present invention. Thus,

i n accor dancé&egddress.He saeheeantgientl dnss pe shidime inilis sasesincetthreloppr direpasked
wite operations.descri bed herein enabl e processor 200 incorporating the

t eachi ngs of lbf”hgf ‘S‘F@ggrﬁf's {joﬁ\'fgﬁetrihﬁ}ﬁf"(? 59@\?@%@?6@9?5' non- cont i guous bytes of

data to an inplicifhy ek iNarTRITRHY ik 967 1ATF dibfhidh TaNHeSplit RadkefWriid 002

L1 cache controller 216 still latches its address, so that data can be rotated and written
into memory correctly upon dispatch of the upper half. This is needed because memory
ordering unit 214 will have sent the data unshifted when issuing the upper half of the
line split.

As shown, Figure 5 depicts a more detailed block diagram of an example L1
cache controller 500, in accordance with the teachings of the present invention. In one
embodiment, L1 cache controller 500 may be beneficially integrated in processor 200 as
L1 cache controller 216. In accordance with the teachings of the present invention, as
depicted in Figure 5, L1 cache controller 500 is comprised of a comparator 502 to
identify L1 cache or buffer hits/misses, L1 cache 504 to store cacheable accesses, L1
cache controller buffer 506 for servicing uncacheable accesses or cache misses, and
multiplexer 508 for selecting between the output of L1 cache 504 or L1 cache buffer S06
on load writebacks to the execution core. In accordance with one aspect of the present

invention, L1 cache controlier 216 will treat masked writes differently depending on the



WO 991 50757 PCT/ US99/ 04893 77 instruction, thereby overcomng the i WA@H‘IUOZ
limtations and deficiencies comonly associated vr~ith the prior art.
. Havi ng i nt npgdyeessi he enhanced SIMD instruction set 209 in goTeussbip4eand t he
byte nmasked wite instructions of the present invention in particular, an
exanple inplenentation will now be described with reference to the flow
chart depicted in Figure 8. Turning to Fibure 8, a flow chart illustrating
an exanpl e nmethod i ncorporating the teachings of the present invention for
writing select, non-contiguous bytes of packed data to an inplicitly
defined location in a single instruction,,is presented. As depicted in the
il lustrated exanpl e epbodi_ nent of Figure 3, exarr%JtI,e nmet hod 800 begi ns when

a processor, MERYY 3EFRME QT et RSUrEOR JAERIHELs INSHUEHRNS SRS MONG ofi e BSs,

. 0., 200, i b ked i i i .802. |
ncoor dhnce. —TRIReBHE CEHEGANSER: TTVo R TR e AT G L P TSP BP B AR S b0
receives t he,eaamscﬁ]m&& QB gye?;;nc&xgéés%rﬁmg%qﬂcgggﬁ gs&%oo%gmmn fegodes

the instruction having a first opera~ ying a first register
(MM1) and aniyeeand. ORfek AtoveRadwi of @t héMbRoy BesSRPPOEed BPbsdcessof M) Step
804. In accordance wth the teachings of the present invention) the MM 1
regi st er contarmstedi ght bytes of integer data, while the M\R register
contai ns ei ght one-byte masks corresponding to the eight bytes in the M1
register. Once thénpps¢mbediment df sheferegeiag prasessotiarchipgsdure sliveediffeteat decoded
byt e masked nove instruction to reservation Etation 204 erei.n the

i nstruction MEMUYRES ATEPeeyaEIuAing NG IIeRpFK MEmANd KYRS fi Yaie thipggh

address gene i i 1 f .the data
necossary o TP g s8R PRBIRR e RERoR R 100 iiulaclifics

wi th one enbegghiciBimte Mrird B&p@iﬁﬁ%‘%ﬂémb@\f%}t(WWCFFaﬁg%Mit@&@te@ﬁﬁ'rﬁ(&ﬁ&yt he

ei ght byte masks in the IviM registér to identify corresponding bytés in
the MM -regi stper(WBR). The WS t WPaWDamt UGmddedry neskslaye 41EMWSl] kneginab @liosd20, st ep
80G. More specifically, as discussed in detail above, address generation
unit 210, nefpkyd oy deertrapdinsed notbe farer describehbereomhe HISVEE ivd @ealdyh anal yze
the data in the b &e mask in the, 0 8 AUG 2002 %D 99! SO0757 PCT/[ US991 04893
MVR regi st er OTHFETT (E18-d05SOsREES LtioN B8 BPTRSTESSHINIRED W PERGT&B 96FRI1- N ite-

i ndi vidual b . of the cked data_ in_th 1 i r ddentified.hby the
SPac 11t egi StRROfe (il BERLEE cfyRbBeqetal oMbl BT et Ml lle
processor 20 ifRR! ioflcgiH;fid D ih@sk to
determ ne vvhqel'f1 ﬁqekféu r%%?ge%(%fedh gﬁ%ﬁiﬁ‘.ﬁfﬁm&ﬁbﬁ gé’raﬁfgﬁgéépﬁﬁﬁgﬁ%ewn%%lgﬁcessor
200 ANDS al | 119bné &rabddiinsnt, thetUBWRthemomsypet io nelet afemiore alietihad atvgsbyt e
mask is wite-enabled. Additionally, each of address generation unit 210,
menory or der Wagessaior reatis framcexternal ezeatosy;cherefood, USW € B8case neyerihitghewrsheser t he
byt e nasked ife will cause a cache line split, and, if so, the byte mask

i s adj ust ed ﬁfréé%@dn% £d, WIies appanereeahis - Bk Compiae dlRiher racraeabls stares, but
non-cache line, spLi.t byte masked . w i t nd a,split .cache |ine byte masked
wite are prW ??g%at{}ﬁ’t’%"ﬁ'éepeq%e‘}?géowgﬁagﬁpesélbﬁgﬁ'& ‘9%?“ GPhing briefly to
Figures 9 and 10, : WRiB f@q@gq%t

within a single cacﬂe Iﬁli(%ez?é gﬁ?%%@%éﬂgpﬁéﬁg%ﬂéﬁ%gl’i nequl'%?l t Is ’e‘%ﬁ%t ed.
Wt h ref er engst 64 ithiifksYor @khRk Rast@he bief Mvkhifedimdskis highntillfoeedtiyy SRC
900 is depicted, along with the MM register identified by SRC2 902 and the
upper ei ght - bybee embedimeftc hualigned}ight-byde waitdsel Waysevibiefto two chenkisy tTae fsitek ed
~.vrite 930 and after the byte masked wite 906 are_depi ct . Upon i ssuance
of the byte ﬁﬁ%kﬂ‘é‘dd‘iﬁ?}eﬁéwi‘h%ﬂaﬁ}&ﬁ]%W&&ﬁd’tﬁ‘-’r‘igoSﬁ@-lNSP?&h@R@%, ISHHes 910 and

914 of MM 1 90 i te-enabl ed by b 908_and 912 of i d
‘n M 002, FELISANE: Vg IR P i Al a R AP 1G R A e PRt 5800

will be wit Iy 90G at bytes 918 and 920, respectively. Note
that the pr efldg%aé% %g& gctré)h?fgr'byte 936 has not been affected in byte 938.
Wth reference to ot ghlifadbabRmBkedWtie (0., aVRYUSWTR Sk &I MASIEMOHG), Bgaa
cache line split is illustrated. As above, Figure 10 presents MM 1 9-10,
MV2 942, t he Uleashe misghi hicecdmtble masked(verfite kg QW or WiT mpmery vyaché llcacte and
the nost significant churl: (chunk 3) of a | ower cache |ine both before
972, 970 and canrteier §99allagates abuten indr casherbnéler ANband 3 TFQUER) {TSTHES kR B S i t e
instruction.. As depicted in Fibure 10) bytes 948, 9-~2,



0 8 AUG 2002 WO 991 50757 PCT/ US99104893 24 9~6 and 960 in MW registgé %ﬂ%%l
write enable correspondi ng bytes 9~0, 9~4, 9~8 and 9& in MM 1 regis A

. 940. I n thivgoeases7 however, nenory ordering unit 214 deter m pesuihalssshe
byte masked wite will require a cache tine split. Consequently, in
accordance with the teachings of the present invention, nmenory ordering
unit 214 wll dispatch two separate nmasked wite m cro-operations, e.g. one
for each cache line 944 and 94G The first dispatch corresponds to the

| ower half of the line split, e.g., cache |ine 946. Menory ordering unit
21.1 sends the mask unshifted for the Iomqg half of the line split, and
sends a shifted nmask for the upper half of“the line split. Thus, in

accor dance wiceHradlse 28$mBus periolisr 21 hantgrfassewith bpthdrd fashe 10hang system t hr ee

i te-enabl ed bytes 9~0 and 9~4.and 9~ MM, L T egi 940 wll b
i o Lo MEOGTAH A R bR HE NPl PPORs I eaToe b SUar and
9G8, t M) Kt o ite m tion.

al ternato embearReonlEmpnld \diRh oMOR FERESE M Hehndh TIOE Py Bel Il

9~8 and 9~4 @fthdVV1lcabROs64 &L DARKE 204 dinbRact BheeabBiifcOtardeht® ByoyREskRaritd he
cache line split. As described above, in order to properly align the wite

to upper cacheflsheefrédd. ] teeto694 andler L heachal 04, Xlptesenss invaliddtingtthelimei$ kn f or
the upper half dispatch. The lower three bits of the address are used to do
the shift foexdmvaersharzdethteoresiienback toapamory jiap@ iryptidate dfe qaplke litdf ess are

zeroed out by nmenory orderi nlgl unit Z 14 on di spatches_of upper haI,f line
splits, so tHpdifjedsiate chacheable masked wiites that missol cachg 3946(ctdheWRarkV Y a0 n.

That is, ' it 214 al d nt the shifted Kk j tch
of t he. Upper TRUIEPO K5 RBEE T o EeFiesa o £b Prdedbf etted Mg h For

the, Upper haliiokobe LinenSRlnba, lneSrask {ea] £AAY @nd B /TREF g Bt ct o

mnts that of the | ower Is also sent by the nmenory ordering uni
214. Accor di sgitiollef 218 thicugdhied edddlds. 0ff chdiR cbhii@|es BDO incheiee s Suffer chngarhe
controller 216 shifts the mask using the lower three bits of the address,
and subsequefieldyin hdrdachaeongme! [ORbuffeeSA6 Mwduch, Fben sdhéorppgoerespaiding bygerof data
ordering unit 214 shifts the mask using the |lower three bits of the
address, and “ritten deasnthecaagution core, beepntardhe hide ppatde tor tha Syierin pugeoniepdirr

Sub tl I he. t | 16 i 8 A 2 WO '50757
oCT a5/ 045848 SR ARG s SeaERt N PRSP B Rr T B SET AL

regi ster 9.~0.4 e leas pani fi gg;ﬁ t gkt kgant
chunk of uppgerfhg%%ﬁeasIbl?’?lee-k‘g_ﬁ{fgr}\?\ng{rﬁl%d %tf)rg}(‘)prl aof[? fé“llfggﬁl %ﬁ%“%&%ﬁf.é Elg@‘l ng
anal yzed eachypRyletHefoytd@nsii i dre R¥haniBS lo hiRC3heIdrn18 Ry ddWrol BEH SU%hs Step
806, processor 200 noves the wzite enabled bytes of the packed data to a

| ocati on i npkhwit inyFigpecs finedte kynbadmemgit,shesize of dym BES08Ibetwem lelndzobée ment |
the location is sFeci fied in the (WE;Z DI register 320 _of general registers
310. In one é&pBdierffl and bis coatrpbem I8ang yhecdashEanhplddl fserg thegxsewiosior 200

updates L 1 cache .1, and, fqgr cache m sses or un eabl e gccesses,
processor mo¥&s 1% ?ngRﬁPX‘FSeW&’?a eé’é'woiﬂa@g} LESP &N ”Eﬁae%]?f\é’@ﬁg’d |l er

buffer 50G t |l ocatio i i | LLcally,
as descr i bed o R-UEt ?F°’5.1}B°33{ee,l‘?§‘%“fr) saég)r?sé‘{%g‘i‘:%%ﬁyoﬁ‘%%ﬁ?%%rg{ ‘?‘gﬁg W81 ded
by L 1 cache cont il gHedtbGbo@ dhORincGSHEIA dhe itrolle?5((Ris baskl RGedtinl €r
D0 is operative to wite select) non-contiguous bytes of packed data to an
inplicitly dehthettheemioryltpsadf tha ifsauctipntteinmpsisedsad: | Cazhogide atasiedsyrites
calculates wite enables for other wite instructions. Thus, in accordance
wi th aspect d¢f.2+ NEB pr 85Brare horvtamposel, ThepBéwmdze 2YEistyoangsonld ¢aghe he
teachi ngs of the present ipvention is operative t ite select,
noncont i guousiSFERS @Pmb%?fgég“ﬂé}?eé’ tifgéﬂéeﬁ) edfgﬁgﬁgqﬁ%feﬁg‘?rﬁ’ wg"ﬁrc?ﬁ8“ cache
write-enabl es_.obt ained fromthe . : VB {eSE Lo
MEDI UM Al thougl_gscé’gtbfya?rﬁplgg Senco?‘g'r lo%lglﬁ)ﬁge{_géglé(’gfe%r{d@?%yentl? g%le?lacgé” l[':??egn TS
- described i nghghihbGAREndelde hidRBS! hjtaRIBOCRAY bi%ﬂtﬂé’re_tb? iR s
instruction set enbodi nents, those skilled in the art will appreciate that
those aspect sofifitidhie present invention described in terns of hardware nmay
wel | be enbodied in software without deviating fromthe spirit and scope of
the present i~avention. Accordingly, Figure 11 illustrates an exanple
storage nedi um havi ng stored therein machi ne executabl e instructions
including the byte masked wite instructions of the present invention. 0
8 AUG 2002 WD 991 50757



PCT/ US99/ 04893 26 As depicted in Figure 11, storage nmedium 1100 is g AUG 2002
presented. Those skilled in the art will appreciate that storage nedi um
. 1100 represepbesasy of a nunber of alternative storage nedi usr/gswols®s, for
exanple, a magnetic floppy disk, an optical disk, magnetic tape nedia, a
hard disk) a "zip" disk, an erasable programmable read-only nenory (EPROV))
read-only nmenory (ROM, a flash nenory device, or any other type of storage
medi a. As depicted) storage medi um 1100 has stored thereon a plurality of
machi ne executabl e instructions 1102. In accordance with one enbodi nent of
the present invention, nmachi ne executabl e gnstructions 1102 include the
byte masked wite instructions 1104 of thé present invention. In accordance
with anot her enbod? Aahempedimeat, foreWBrar WhveaskebnTitardleH inyes g &d reelis, er

i nstructions j ude ocessor_functions, 110G.descri hed above .for executing
the byt e maekSaFmaskbd REEEt b bEEhs soHolGr e hhe JBFUEL i OB ous
bytes of pack data to_an inplieitl efine 0 on, Q- a-single .

i nstruction. "%ﬁﬁ's,gugﬁgggﬁs i‘tn%)%{jt%ff ﬁarﬁ?‘lep afr{L "%l +r| C%g%br%e’gibg & ?@a’tug{l A

t eachi ngs of ﬂlf}ﬂvﬂﬁ&?&nﬁxe}enygﬁfei’i@@or{@ﬁd%h|(e.595§irﬁ_effhil%{ U@ Jpeabeh, fBfice
alternate hardware and software forns, or cofbi nation thereof, wthout

devi ati ng fr operhiien,epd.). i Forgattias,depaoofully kaitpneseind cdnibiging ieOittiodddsghe | N
accordance with the foregoing description of certain aspects of the present
i nvention, thoyellskBPP sehdsihe shefterd maski thiough pyeenables torkuts conteoliendd§ aia ve
processor architecture apd instruction set described herein advantageously
confi gures ac?ﬂ‘@ﬁ’é’%ésgt B‘ W%F@%"ih%hﬁﬁ?ﬁqoélﬁbﬁ R gé‘d%g‘ed‘éfirzis%slif ng
only two operands, relying on implicitly, defined tar . addresses) | ocated
'h % regi ot el IRpucta i bere i ften A S ATl P L P Rieue oy
reducing ti t ] bt | ed in
accor dance vnﬁqﬁgﬁﬂgagggﬁ?%g’goﬁgwﬁgﬁﬁ%éEﬁﬁgyilénéqgr?%e!%rqg?ﬁsﬁgﬁ{ggﬁ% to

M nimze cachgepatitieh cOftrdYieltdin tHeeadspdrvé D@ chdlld ddhirsli@budfeRAC4VE. ot . It i
not necessary to first wite-allocate the cachE-line corresponding to the

st ore addr essgcoadrhct meth dre\aspdcd ofrtie posesuivemgorfor idlyuestisn Wriecmontieing,
processors for the data contained in that cac@e-l i ne. 0.8 AUG 2002 WO
991 50757 PCTROBYGaeblys nsed hysans sipprebuseonGelles rd 8 RigkaMamtls 201y tesrf the Baent

i nvention has. g gn described in terns .of tge abovcta. il ustrap d enbodi nents,

those skilled'® 5 Yifia a3 i 2ory H&ﬁi“ﬂ@‘% f2eite Of HUEAT DR 'S not limited
he embodi p . . . _ "

w th mod 1 cat i onta o SR B e R A e e Setp Pt 6

appended cl apiRer stfie8Plofdddet ¥ncabtR@bRessrE] DbbRBeridind #bbret 8GanBeEbRSpriate
illustrative instead of restrictive on the present invention. Thus, a

met hod and apghe dineof Lorcachz\i0dgndlet B2 tachndb+ sdhishédJAIB by tf @eenodry phasired dat a
'nasingle io<r:]csi.;[n-regca§1id the cha%}fe Fu?eetra].rg%?csclcbr)'it}?eer%éskedTvrité isin L1 cache 5091 a%d/%%zzooz
cache 104, the line is invalidated if in exclusive or shared state, or written back to
memory and invalidate the line if in modified state.
For the write protected (WP) or strongly ordered uncacheable (UC) masked
writes, or WT masked writes hitting L1 cache 504, L1 cache controller 500 sends the
unshifted mask through the byte enables, in addition to sending the address and the
length of the request to bus controller 218 via control line 509 and data bus 507. In
accordance with one embodiment of the present invention, data bus is 64-bits in length.
As will be described more fully below, bus controller 218 uses the lower three bits of

the address to shift and align the byte enables, while the length is used to determine the

endbyte of the mask. In one embodiment, for writes to a lower half of a cache line split,



"We claim 1. A nethod conprising: decoding a single instruction wi t hi § Ag6 2001
processor, wherein the decoded instruction includes a first operand

. identifyi ngyqogdord7al ity of bytes of packed data and a secondcopspaogss
identifying a corresponding plurality of byte masks; anal yzing individual
byte masks identified by the second operand corresponding to individual
bytes of the packed data identified by the first operand of the decoded
single instruction to determ ne which of the plurality of bytes of packed
data are write-enabled bytes; and noving the wite-enabled bytes to an
implicitly defined |ocation based, at leagf in part on the analyzing. 2.

The method of claim 1, wherein the e: enable tes are non-con uous
byt es of pac‘?{elgr YRS thaf Cagrhe amﬁggé‘?dt%'ld?ﬂlﬁﬁf’g g’lﬁiaiaHés%fHé‘Wl}‘%‘ﬁg

f
Gt or e whiipidr hsRE o) SbtFlia B (L SERCH) B HREARERE PRI an. ¢ e
first operanghdes h@nef Qf:aéhla%n\é’rsbll}@dﬁ@“?@hﬁ%dtﬁ&t@ﬁeacﬂe céﬂ?ﬁll@?gmﬁb&)&e%ﬁie@ »

wherein the anal yzi ng conprises analyzing bi'ts of each of the byte nasks to

det er mi ne wheibdle thet daguster ie g andl ind ad ¢ bsear© fenp ackeeel velbfrem inteRdry for@tidpy t he
first operand is one of the wite-enabled bytes. 5. The nethod of claiml,
wher ei n t he wnb?l&i ng conprises: deternining whether the entire byte

identified by the_secqnd o%erand is conmprised of logic 0's; and
Returning to the illustrated example embodiment of processor 200 depicted in

Figure 2, bus controller 218 is shown comprising backside bus controller 224 and
extended bus controller 220. Backside bus controller 224 is operative to control
accesses from L1 cache controller 216 to L2 cache 103 via backside bus 223, as depicted.
Extended bus controller 220 is operative to coordinate accesses from L1 cache controller
216 to system memory 110 via external host bus 106. One example of an extended bus
controller according to the teachings of the present invention is presented in Figure 6.

Turning to Figure 6, a block diagram depicting the interface between bus
controller 218 and the external host bus 106 is depicted. In one embodiment, for
example, the interface is comprised of external bus controller 600. In accordance with
this example embodiment, Figure 6 illustrates a block diagram of example external bus
controller 600, operative to pass the byte enables determined by the execution core, e.g.,
elements 202-216, of byte masked write instructions, and to calculate eight-bit
unaligned, unshified and contiguous byte enables for all other non-write combining
instructions based, at least in part, on the length of the transaction. As depicted in the
illustrated example embodiment of Figure 6, external bus controller 600 includes byte
enable (BE) calculator 604, multiplexer 606 and shift and alignment circuitry 602,
cooperatively coupled as shown.

In accordance with one aspect of the present invention, external bus controller
600 includes byte enable (BE) calculator-604, operative to calculate byte enables for
non-write combining instructions. In one embodiment, for example, BE calculator 604

calculates the byte enables for non-byte masked write instructions based on the length



identifying which bits of the byte identified by the second operand @ﬁﬁUBZ%Z
conprised of a logic 1, where it is determned that the entire byte
. conprised efpdp@tss 0's. 28 0 8 AUG 200 6. A nethod COprIBCTVgSgngﬂBQdI ng a
single instruction wthin a processor, wherein the decoded instruction
includes a first operand identifying a plurality of bytes of packed data
and a second operand identifying a corresponding plurality of byte masks;
anal yzi ng individual byte masks identified by the second operand
correspondi ng to individual bytes of the packed data identified by the
first operand of the decoded single instryction; and noving sel ect bytes of
the packed data identified by the first déerand to an inplicitly defined
| ocati on bas¥dhe té%“sP%é’éltre‘F%Veﬂd’rﬁt lineoil 24 friem U gpsToeot LSy H%a?%¢%°ﬁ%1h thet e

Kk d f h d I byt f

TRk Lo LB SSRGS AP D ARR BB A TS 0
t

orocesser ARIGLOSICE) gt g YL BB B L ono

confi gures tdx@cRloAGBESHT bR mAREPHEtEnShRAbAs Addsirbvias tHeReletR@Mbyheenables
I nstruction set, wherein the decoded instruction includes a fifst operand

identifyingta slnlftwndlaﬂx'gymerﬂt cirgties 602 vipdiesd 6dShidt addilignaectanduiiyesris

identifying a corresponding plurality of byte masks;
operative to shift and align the byte enables 614 received from multiplexer 606 based on
the byte select address received from bus controller 218. More specifically, the selected
byte enables, e.g., eight-bits provided by the execution core or calculated by BE
calculator 604, are then shified and aligned based on the lower three-bits of the address
of the transaction received via line 608 to generate the sixteen-bit byte enables employed
by system memory 110. In one embodiment of the present invention, shift and
alignment circuitry 602 outputs a sixteen-bit byte enable via line 618 to external bus

106, as shown. The upper or lower eight-bits will be all zeroes for a chunk-aligned

acCCess.

SIMD INSTRUCTION SET/BYTE M ASKED WRITE

Given the foregoing architectural description of processor 200 incorporated with
the teachings of the present invention, an enhanced SIMD instruction set will now be
introduced, with reference to Figures 7 through 10. Before delving into the instruction
set, for ease of explanation, the packed data types introduced earlier will be described
with reference to Figure 7.

With reference to Figure 7, a number of alternate packed data types are
depicted, according to one example embodiment of the present invention. In particular,
four packed data formats are illustrated in Figure 7; packed byte 702, packed word 720,
packed doubleword 730 and packed quadword 740. Packed byte 702, in one
embodiment of the invention, is sixty-four bits long [63:0] containing eight one-byte

elements 704-718, respectively. Generally, a data element is an individual piece of data
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corresponding to individual bytes of the packed data identified by the

.first operam99;07%7he decoded single instruction to determ necwhisholpystes of
the plurality of bytes of packed data are wite-enabled bytes; and nove the

wite-enabled bytes to an inplicitly defined | ocation based, at |least in
part, on the analysis. 8. The apparatus of 7, wherein the processor further
conprises a plurality of caches for tenporarily storing instructions and
data. 9. The apparatus of 8, wherein the wite-enabled bytes noved to the
inplicitly defined | ocation bypass the plurality of caches. 29 0 9 AUG
2002 10. The apparatus of 7, wherein the #ite-enabl ed bytes are

non- cont i guotret isytased uf 2 gaglk eetistert (ar memoryTlosatapp aritt etberafatdyelembmts of thet he
processor is to analyze select bits of each of the byte masks to determ ne
whet her cor r ¥8¥0aEHg Ingreembrdimprt i shamigseahinycatien thsanumber of datasleasnisyt es.
12. The apparatuys of 11, wherein indi.vi dual te f, the packed, data are
wri t e- enabl e8°‘5§t“é§ IO %g'bétéll% ‘B‘idf‘gg%fheﬁg%gtgﬁp‘&bﬁéﬁg?ﬁ@tat?%"éc%sk are
ol ary, one { Aleordifen/ i QU Rlah ERAARLE TEBH B DRYH0 IS ALohIBLAM0, 2
plurality of 1ns FHCE i ONS T RelUarg an 1 netructT on havi t%g a TIPSt oper and

identifying geBltuicthi 132-918 bodpesively. HackeOdAM AvAaG 4-8RERAF 2APEHARTs
identifying a corresponding plurality of byte masks, which when executed by

a processor, mdz-bisibnbletvons 762ahd G4, esspttrévety. oRaked quidvanad §zbitchal

i ndi vidual byte mask to determ ne whether correspondi ng bytes of the packed
data are wri &l eonsneeneif isquagiegrd d4tove the wite-enabl ed bytes to an
inplicitly defined | ocation based, at least in part, on the analysis of the
i ndi vi dual byte masks. 14. The conmputer readabl e nmedi um of claim 13,

ther el n e et Lucton Cont! Gt es A agsRUgREYBR pogeel e sl ocL bito of
e e S0 0B TR AR B BRSBTS
introduced to SIMD instruction set 209 which enable select, non-contiguous bytes of
packed data to be moved in a single instruction. In particular, SIMD instruction set 209
includes the byte masked quadword move (MASKMOVQ SRCI1, SRC2) instruction
As described above, the byte masked quadword move (MASKMOVQ) may be
of any memory type. A cacheable byte masked write hitting the cache (e.g., L1, L2, L3,
etc. cache) minimizes pollution of the cache by not updating the LRU bits. A cacheable
byte masked write missing the cache is non-temporal and adheres to a weakly-ordered
write-combining paradigm; therefore, the instruction bypasses all processor caches. In
accordance with one embodiment of the present invention, the format of the byte
masked quadword move (MASKMOVQ) instructions is as follows:
MASKMOVQ SRCI, SRC2 (N
In accordance with one aspect of the present invention, the byte masked quadword
move instruction (MASKMOVQ) is operative to configure processor 200 to move
select bytes of packed data from a first SIMD register 312, 316, 318, etc. ("MM1")
denoted by the first operand SRC1 to a memory location implicitly specified by a
register, using the byte mask located in a second SIMD register 312, 316, 318, etc.
("MM2") denoted by the second operand SRC2. More specifically, in accordance with



the wite-enabled bytes to an inplicitly defined |ocation based, at (g®ags 2002
in part, on the analysis of the byte nasks, upon execution of the single
. instructi owo@8s07Fhe conputer readabl e nmedi um of claim 13, wEreswsoishe
processor is operative to nove the wite-enabled bytes to an inplicitly
defined | ocation, upon execution of the single instruction. 30
JACAY3 A LA A3ILA L AA AA D AALLAFL.AA A L.A LA AA3AL.LA3 A.AY.A
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Accordingly, where the most significant bit of each byte of the mask identified by
SRC2, e.g., MM2, is active (logic 1), the corresponding byte in the MM register
identified by the SRCI1 operand will be written to a memory location identified a register
(e.g., one of general registers 310). Moreover, in accordance with the nature of the byte
masked quadword move operation, discussed above, any bytes corresponding to a write
enable mask will minimize pollution of any resident caches (L1, L2, L3, etc.) of
processor 200 incorporating the teachings of the present invention. Thus, in accordance
with the teachings of the present invention, the byte masked write operations described
herein enable processor 200 incorporating the teachings of the present invention to move

select, non-contiguous bytes of data to an implicitly defined memory location, in a single
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#1098 () - 1 1096& ()- 109k ()- \ !B'!I1iK-KI7S
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10908/ () - #1008 () -110%0& () - (3mLO%R () -2 o
10G10G1 009 10%BE {0, thedebyHBeESTEngg irdeiag!t [ipitatiarsuad deficignaesgmmonly
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&?' ' (=*>* 2% KAT10O100. "1 10%08 () ¢ AT - .
10908’ () - 3 +Nﬂ.0fVm}%ylﬂ§)l Bg}éécﬁ;ge%%ilw_mstmcnon set 209 in general, and the
%4.0%& () - ?f@tMrr}gské&r Wehtd il Qfks §f1@d%/g§éséﬁt'in\%%{m ﬁﬁﬂiéul_ar, an exam})le
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10mLOnLlOnl" ! Eiddre&'8( ) - 22938#9: : : : dYNCFf 10%m 104|
Tumning to Figure 8, a flow chart illustrating an example method incorporating
the teachings of the present invention for writing sclect, non-contiguous bytes of packed
data to an implicitly defined location in a single instruction, is presented. As depicted in
the illustrated example embodiment of Figure 8, example method 800 begins when a
processor, incorporated with the teachings of the present invention, e.g., processor 200,
receives a byte masked write instruction, step 802. In accordance with one embodiment
of the present invention, processor 200 receives the instruction from system memory
110 at decoder 202 and decodes the instruction having a first operand SRC! identifying
a first register (MM 1) and a second operand SRC2 identifying a second register (MM2),
step 804. In accordance with the teachings of the present invention, the MM1 register
contains eight bytes of integer data, while the MM2 register contains eight one-byte
masks corresponding to the eight bytes in the MM register. Once the instruction is
decoded, decoder 202 issues the decoded byte masked move instruction to reservation
station 204, wherein the instruction is issued along dispatch bus 207 to execution unit(s)
208, address generation unit 210 and the memory cluster 212 once all of the data
necessary to execute the decoded instruction is available.
In accordance with one embodiment of the present invention, processor 200
analyzes the eight byte masks in the MM2 register to identify corresponding bytes in
the MM 1-register to write to a location defined by (E)DI register 320, step 806. More

specifically, as discussed in detail above, address generation unit 210, memory ordering

unit 214 and L1 cache controller 216 each analyze the data in the byte mask in the
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of the packed data in the MM rcgister identified by the SRCI register are write-
enabled, e.g., binary one. In one embodiment, processor 200 analyzes only the most
significant bit of each byte mask to determine whether it is write-enabled. In an
alternate embodiment, processor 200 ANDs all of the bits in the byte mask to determine
whether the byte mask is write-enabled. Additionally, each of address generation unit
210, memory ordering unit 214 and L1 cache controller 218 determine whether the byte
masked write will cause a cache line split and, if so, the byte mask is adjusted
accordingly, as described above. One example each of a non-cache line split byte
masked write and a split cache line byte masked write are provided with reference to
Figures 9 and 10.

Turning briefly to Figures 9 and 10, one example each of a byte masked write
accommodated within a single cache line, and one causing a cache line split is depicted.
With reference to Figure 9, examples of the MM register identified by SRC1 900 is
depicted, along with the MM2 register identified by SRC2 902 and the upper eight-byte
chunk (chunk 3) of a cache line before the byte masked write 930 and after the byte
masked write 906 are depicted. Upon issuance of the byte masked write instruction
denoting SRC1 and SRC2, bytes 910 and 914 of MM1 900 are write-enabled by bytes
908 and 912 of the mask stored in MM2 902, respectively. Thus, byte 910 and 914
(X4 and X6) of MM1 900 will be written to cache line 906 at bytes 918 and 920,
respectively. Note that the pre-existing data in byte 936 has not been affected in byte
938.

With reference to Figure 10, an example of a byte masked write causing a cache
line split is illustrated. As above, Figure 10 presents MM1 940, MM2 942, the least
significant chunk (chunk 0) of an upper cache line and the most significant chunk (chunk
3) of a lower cache line both before 972, 970 and after 944, 946 execution of the

innovative byte masked write instruction.. As depicted in Figure 10, bytes 948, 952,
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10Z 10Z;}} ~r %16 and 960 in MM?2 register 942 write enable correspondmg bytes 950, 954, 958 and
962 in MM 1 register 940. In this case, however, memory ordering unit 214 determines
that the byte masked write will require a cache line split. Consequently, in accordance
with the teachings of the present invention, memory ordering unit 214 will dispatch two
separate masked write micro-operations, €.g. one for each cache line 944 and 946. The
first dispatch corresponds to the lower half of the line split, e.g., cache line 946.
Memory ordering unit 214 sends the mask unshifted for the lower half of the line split,
and sends a shifted mask for the upper half of the line split. Thus, in accordance with
one embodiment of the present invention, the first three write-enabled bytes 950 and
954 and 958 of MM 1 register 940 will be written to the lower half of the cache line split
at locations 966, 967 and 968, respectively, in the first byte masked write micro-
operation. In an alternate embodiment, the three most significant write-enabled bytes
962, 958 and 954 of MM 1 register 940 could be selected for the lower half the cache line
split.

As described above, in order to properly align the write to upper cache line 944,
memory ordering unit 214 must shift the mask for the upper half dispatch. The lower
three bits of the address are used to do the shift for the unaligned access. The lower five
bytes of the address are zeroed out by memory ordering unit 214 on dispatches of
upper half line splits, so that L1 cache controller 216 will not rotate the mask again.

That is, memory ordering unit 214 already sent the shifted mask on dispatch of the
upper half line split of the masked write. The adjusted length for the upper half of the
line split, i.e., the length of the macro-instruction minus that of the lower split, is also
sent by the memory ordering unit 214. Accordingly, for the lower half of the line split
access, L.1 cache controller 216 shifts the mask using the lower three bits of the address,
and subsequently performs an OR operation. For the upper half, memory ordering unit

214 shifts the mask using the lower three bits of the address, and L1 cache controller

216 ORs the bits of the shifted mask. Subsequently, L1 cache controller 216 is
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operative to place the remaining byte 962 of MM register 940 in the least significant

byte 969 of the least significant chunk of upper cache line 944, with an appropriately
shifted mask.

Having analyzed each byte of the eight byte mask located in the MM2 register,
step 806, processor 200 moves the write enabled bytes of the packed data to a location
implicitly specified by a register, step 808. In one embodiment, the location is specified
in the (E)DI register 320 of general registers 310. In one embodiment, for cache hits by
cacheable accesses, processor 200 updates L1 cache 504, and for cache misses or
uncacheable accesses, processor moves the write enabled bytes stored in L1 cache
controller buffer 506 to a location defined by (E)DI register 320. More specifically, as
described in detail above, in response to control information provided by L1 cache
controller 216, and bus controller 218, write combine buffer 600 is operative to write
select, non-contiguous bytes of packed data to an implicitly defined memory location
for byte masked write operations, or calculates write enables for other write
instructions. Thus, in accordance with aspect of the present invention, processor 200
incorporating the teachings of the present invention is operative to write select, non-
contiguous bytes of packed data based, at least in part, on the write-enables obtained

from the byte mask of the MM2 register.

E 1UM
Although certain aspects of the present invention have been described in
significant detail above in association with hardware and instruction set embodiments,
those skilled in the art will appreciate that those aspects of the present invention
described in terms of hardware may well be embodied in software without deviating
from the spirit and scope of the present invention. Accordingly, Figure 11 illustrates
an example storage medium having stored therein machine executable instructions

including the byte masked write instructions of the present invention.
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As depicted in Figure 11, storage medium 1100 is presented. Those skilled in
the art will appreciate that storage medium 1100 represents any of a number of
alternative storage mediums such as, for example, a magnetic floppy disk, an optical
disk, magnetic tape media, a hard disk, a "zip" disk, an erasable programmable read-only
memory (EPROM), read-only memory (ROM), a flash memory device, or any other
type of storage media. As depicted, storage medium 1100 has stored thereon a plurality
of machine executable instructions 1102. In accordance with one embodiment of the
present invention, machine executable instructions 1102 include the byte masked write
instructions 1104 of the present invention. In accordance with another embodiment of
the present invention, machine executable instructions include processor functions 1106
described above for executing the byte masked write instructions 1104 for writing select,
non-contiguous bytes of packed data to an implicitly defined location, in a single
instruction. Thus, those skilled in the art will appreciate that the teachings of the
present invention may well take any of a number of alternate hardware and software
forms, or combination thereof, without deviating from the spirit and scope of the
present invention.

Thus, in accordance with the foregoing description of certain aspects of the
present invention, those skilled in the art will appreciate that the innovative processor
architecture and instruction set described herein advantageously configures a processor
to move select, non-contiguous bytes of data using only two operands, relying on
implicitly defined target address(es) located in a register. Moreover, the present
invention improves performance by reducing time spent on cache management. That is,
the data processed in accordance with the teachings of the present invention is intended
to minimize cache pollution by not updating the LRU bits on a cache hit. It is not
necessary to first write-allocate the cache-line corresponding to the store address, and
then have to manage subsequent requests from other processors for the data contained in

that cache-line.
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While the method and apparatus of the present invention has been described in

terms of the above illustrated embodiments, those skilled in the art will recognize that
the invention is not limited to the embodiments so described. The present invention can
be practiced with modification and alteration within the spirit and scope of the
appended claims. Accordingly, the description is to be regarded as illustrative instead of
restrictive on the present invention.

Thus, a method and apparatus for moving select, non-contiguous bytes of

packed data in a single instruction has been described.
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' decoding a single instruction within a processor, wherein the decoded instruction includes
i a first operand identifying a plurality of bytes of packed data and a second operand identifying a
| corresponding plurality of byte masks;

analyzing individual byte masks identified by the second operand corresponding to
individual bytes of the packed data identified by the first operand of the decoded single
instruction to determine which of the plurality of bytes of packed data are write-enabled bytes;
and

moving the write-enabled bytes to an implicitly defined location based, at least in part, on

the analyzing.

2. The method of claim 1, wherein the write-enabled bytes are non-contiguous bytes of
packed data.
3. The method of claim 1, wherein the analyzing comprises analyzing an individual bit of

each of the byte masks to determine whether the corresponding byte of packed data identified by

the first operand is one of the write-enabled bytes.

4. The method of claim 1, wherein the analyzing comprises analyzing bits of each of the
byte masks to determine whether the corresponding byte of packed data identified by the first

operand is one of the write-enabled bytes.

S. The method of claim 1, wherein the analyzing comprises:
determining whether the entire byte identified by the second operand is comprised of logic 0's;
and

identifying which bits of the byte identified by the second operand are comprised of a

logic 1, where it is determined that the entire byte is not comprised of logic 0's.
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analyzing individual byte masks 1dent1ﬁed by the second operand corresponding to

%

individual bytes of the packed data identified by the first operand of the decoded single
instruction; and

moving select bytes of the packed data identified by the first operand to an implicitly
defined location based, at least in part, on the analysis of the individual byte masks identified by
the second operand, wherein moving the select bytes of the packed data bypasses processor

caches.

7. An apparatus comprising:
a processor; and
an instruction set including byte masked write instructions, accessible by the processor

which, when executed by the processor configures the processor to:

decode a single instruction from the instruction set, wherein the decoded instruction
| includes a first operand identifying a plurality of bytes of packed data and a second operand
identifying a corresponding plurality of byte masks;

analyze individual byte masks identified by the second operand corresponding to
individual bytes of the packed data identified by the first operand of the decoded single
instruction to determine which bytes of the plurality of bytes of packed data are write-enabled
bytes; and

move the write-enabled bytes to an implicitly defined location based, at least in part, on

the analysis.

8. The apparatus of 7, wherein the processor further comprises a plurality of caches for

temporarily storing instructions and data.

9. The apparatus of 8, wherein the write-enabled bytes moved to the implicitly defined

location bypass the plurality of caches.
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12. The apparatus of 11, wherein individual bytes of the packed data are write-enabled bytes

when the select bits of the corresponding byte mask are binary one (1).

13. A computer readable medium having stored thereon a plurality of instructions including
an instruction having a first operand identifying a plurality of bytes of packed data and a second
operand identifying a corresponding plurality of byte masks, which when executed by a
processor, the instruction configures the processor to analyze each individual byte mask to
determine whether corresponding bytes of the packed data are write-enabled bytes, and to move
the write-enabled bytes to an implicitly defined location based, at least in part, on the analysis of

the individual byte masks.

14, The computer readable medium of claim 13, wherein the instruction configures the
processor to analyze select bits of each individual byte mask to determine whether the

corresponding bytes are the write-enabled bytes.
15. The computer readable medium of claim 13, wherein the processor is operative to move
the write-enabled bytes to an implicitly defined location based, at least in part, on the analysis of

the byte masks, upon execution of the single instruction.

16. The computer readable medium of claim 13, wherein the processor is operative to move

the write-enabled bytes to an implicitly defined location, upon execution of the single instruction.
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