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THE I NVENTION Field of the invention: The invention relates to the field
of conputer systens. Mre specifically, the invention relates to the
selective witing of data elenment from packed data based on a Mask using
predi catio round i nformation: Conputer technol og tinues to

evol ve at gﬁogegbgincreasing rate.” Gone are the days mﬁgﬁggﬂgnébnputer was
nmerely a business tool primarily used for word-processing and spreadsheet
applications. Today, with the evolution of nultinedia applications,

conputer systens have becone a common hone el ectronic appliance, nmuch |ike
the television and honme stereo system |ndeed, the |ine between conputer
system and ot her consumer el ectronic appliance has becone blurred as

mul ti medi a applicati ons executing on an appropriately configured conputer
System i |1 f SRLECERVESVEITISGRF DAdié ELEMENTSHRQM BACKEBDAPA BASEOK

device, and the l|ike. ConsegpgRtal ¥askhes: D ity of conputer
systens is often decided by tﬁe anount §?¥ﬁ§%D$§ (25 contain and the
speed at which they can execute such nmultinedia applications. Those
skilled int [ L] reci ate that nmultinmedia and conmuni cati ons
applicationsggggﬁkpgbhﬁgg 'Qﬂﬂ%ﬁﬁ@% of | arge anounts of data represented
in a small nepkReFthe ffvertichs t0 provide the true-to-life renderings of audio
and video we have cone to expect. For exanple, to render a 3D graphic, a
rel atively | arge Téinvertion gatesfto the dicldiofenmpuiea systems e Morq segifically.dheght - bi t
data) must bgvekid fefids Yo RE QGREFEGHkitink oP d ¥R Qﬂ’o%&&l&gagﬂlﬁcg) Sald #2Q0/ 23721
2 One common operation required by such applications is the witing of

sel ect ed datng predlcauon.

Background 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
systerns have become a common home electronic appliance, much like the television and
home stereo system. Indeed, the line between computer systern and other consumer
electronic appliance has become blurred as multimedia 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 is
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, a relatively large collection of individual data items (e.g.,

eight-bit data) must be similarly processed.



itens froma collection of data itens to nenory. \Wether a given data
is to be witten to menory is based upon a nmask. An approach to movh b‘ UU[&
sel ect bytes of data uses a test, branch, and wite series of

instructions. In accordance with this approach, one or nore of the mask
bits for each corresponding data itemis tested and a branch is used to

ei ther witgg,oHRypPass witing the byte to nenory. I—b\A/g(x_zle/{lmmrzmls approach
suffers a per]pormance penalty for® branch m spredictions avoid this

branch m sprediction penalty, a Single Instruction, Miltiple Data (SIMD)
processor architecture is used to support a SIMD "Byte Mask Wite"
instruction to wite packed data fromone storage |ocation to another (see
US Patent Application serial nunmber 09/052,802; filed 3/31/98). Figure 1
is a block diagramillustrating specialized? paral lel circuitry for

i npl ementing a S| MSeEPREORARKAAR Faduirgdhytspehapplisations isthaviing ofseltitadalorur e.
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i nstruction rwqaltyrfesbramcpeuspmmcz:emk circuit ry in the processor to process
each byte of a pa AIt lgaral | el nature

m.i n parall el . h. t he
of this specialized co'ggﬂa}fr?ny %WF&&E%“?“@%%F%‘FS’? Bﬁ‘awarl‘ée
t hroughput , t(SIMDypeciss bz kitcRie i€ uked Ecysup]ﬁﬂm'sms) Btk avseCinghRaordBd i S
only utilized for %h{!}oa and sim| ar pe Processi%% 1 9 MAR 2004 WO
01/ 22216 PCT/1EHH7S RO (EROTRE TV RO PRI SEeang
appar at us f ornusmbeuH052B0Y. fid I3 1V8).dEp@e €hserBak Sikfainaekadpdaigedased
upon a nmask u5|aggl r edi fatl on are described. In one enbodinment of the

i nventi on, culfy fot iplementins 8 FIMD Byl Measkd¥tits inshustianén a SIMD f ol | owi ng
is perfor rTEd drdhitpiral Higtlre PNIRQESS tIREIMD byte masked quadword move instruction

(MASKMOVQ) which moves up to 64-bits representing integer data from a first SIMD
register, labeled MM1 and denoted by the first operand SRC1 100, to a memory location
106 implicitly specified by a register, using the byte packed data mask located in a second
SIMD register, labeled MM2 and denoted by the second operand SRC2 102. Bytes 110 and
114 of the register MM1 100 are write-enabled by bytes 108 and 112 of the mask stored in
the register MM2 102.

As illustrated in Figure 1 this SIMD Byte Mask Write instruction requires
specialized circuitry in the processor to process each byte of a packed data item in parallel.
Although the parallel nature of this specialized circuitry achieves relatively good processor
throughput, this specialized circuitry requires valuable die area and is only utilized for

graphical and similar type processing.



units: determning a predicate value for the data el enent fromone or nore
bits of a correspondi ng packed data mask el enent indicating whet her{ § MAR 2004
data elenent is selected for witing to a correspondi ng storage | ocation,
and storing in the correspondi ng storage |location the data el enent based
on the predicate value. BRI EF DESCRI PTI ON OF THE DRAW NGS The features and
advant ages @b oj 486l Nvention will becone appfare_nt fromt PST’U&’QJ’%FW ng
detail ed description of the invention in which: Figure I'S ock di agram
illustrating specialized parallel circuitry for inplenmenting a SIMD Byte
Mask Wite instruction in a SIMD architecture. Figure 2 is a block diagram
illustrating a conputer systemin accordance wth one enbodi nent of the
invention. Figure 3 is a flow diagram according to one enbodi nent of the
invention. Figure 4 is a diagramillustratisng a selected portion of a
conputer systemin accordance with one enbodi nent of the invention.

DETAI LED DESCH #MAQWEFITI}%EMW#)F the follow ng description, for

pur poses of explanation, nunerous detalfl's are set forth in order to

provi de a thor oughA umtied stdapgimys fof sddeevdlywaiig dan.elIRWE B, pabiled Whth baske
apparent to or&gonshjp;sl(%q inr 1S.he. art dth t these specific details are not
required in order To. praffiediop As SFHU¥N: e cMBoBmem of the invanitoador each

vel | -known el datt elemert o4 padkédaRparasl, ﬁierfﬁléiw’ir% i@ﬁe@fonﬁéﬂq}i"garhﬁl gdoi?%éﬁ%gi agram
formin order ngst_dto obscure, the invention. 9 MAR 2004 WO 01122716

PCT/ US00/ 23725 “4§mgiiing 2prydicate vlus &4t ttidagrelement frogsenear oy bitsef 2nbodi ment

of a conput er cayspoaimg PRkIdRLERL SRAECA iﬂ&iéahng)@ﬁcxr?emgq!u%@%i@ﬁs stgﬂgnfd for

i nvention. The conputer system 200 conprises a processor orage
devi ce 220, ai§!3 BasoBesgondingsiomee iesatiny and 30Qring indroegpotding simrageddcariage

device 220 byitklga BleSierd bised bn@Gfllsfcii@Vary@ NUMber of user input/out put
devices 240 (e.g., keyboard, nbuse) are also coupled to the bus 215. The

processor 210 represents a central processing unit of any type of

archi t ect ur e, BRIERDISCRIPHON 0¥ P DAAWINGY hybrid architecture.

Furthernore, the processor 210 could be 1nplenented on one or nore chips.
The features and advantages of the invention will become apparent from the

following detailed description of the invention in which:

Figure 1 is a block diagram illustrating specialized paralle] circuitry for
implementing a SIMD Byte Mask Write instruction in a SIMD architecture.

Figure 2 is a block diagram illustrating a computer system in accordance with one
embodiment of the invention.

Figure 3 is a flow diagram according to one embodiment of the invention.

Figure 4 is a diagram illustrating a selected portion of a computer system in

accordance with one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

In the following description, for purposes of explanation, numerous details are set
forth in order to provide a thorough understanding of the invention. However, it will be
apparent to one skilled in the art that these specific details are not required in order to
practice the invention. In other instances, well-known electrical structures and circuits are

shown in block diagram form in order not to obscure the invention.



The bus 215 represents one or nore buses (e.g., AG, PC, IS A X-Bus,
VESA, etc.) and bridges. Wile this enmbodiment is described in relal §MROe
a single processor conputer system the invention could be inplenented in
a nmulti-processor conmputer system In addition to other devices, one or
nore of a network controller 255, a TV broadcast signal receiver 260, a

f ax/ nodem 2 deo capture card 235, and an audio cyy 0._may
optionally 3‘2"‘8@6’%{‘ ed to bus 215. 'The network controller é}gé %Z)zrlesents one
or nore network connections (e.g., an ethernet connection). The storage
device 220 and nedia on which traffic fromthe network is received by the
network controller 255 represents one or nore machi ne-readabl e nedi a.

Thus, a nmachi ne-readabl e medi um i ncl udes any nmechanism for storing or
transmtting information in a formreadable oy a machine (e.g., a
conputer). For ex&igyles) is mhlobk diegrare dttatoiting meineboilinehid@ compuerapdigm PEONRT Y
(ROM; random r netic sk storage ia, optical
storage nedia; a%ﬁ% Ee Weq}?ng[r% %géé\}:ﬁl\:%g fH;a Vemiof]i ig i SOTERET @%ﬁe{f{@gaﬂgms A or

ot her form of Hmocmpagbltoedstsmmhse %29, and,a bRARYS. dihe p@VESIr 210 chbm@ldo gegnal s,
digital signals, etc he, TV broa cas t sign recei ver 260
regresents a (%ad\f‘llgg de’f‘%ﬁzzﬁg’ééqc "h 1%Tt[ qgioR fum Qfﬁil"g’ 3?‘1‘%" ferieetfem 245
represents a f(ax., aylbod, nousk) eefaib coup@ityihe Gusalg/ Uhe prbdeadds Mo kpri@ni@pal og
signal s represent dat a. T e image capture card 235 regresents one or

more devi ces f%’f‘mﬂip’%ﬁsf‘% PRt 9 ﬁ%‘é&c '{fm “°°t“é° Selnersc, A Weprdiyprid The
audi o card 25&rchnamresmmsrnme tHRprodBxs 6t 206 YdIES: imPleme MBS dridDr %Q/cﬁi’p

outputting so é&,%lg m crophones, speakers, Enetl c storage devices,
optical stor algllg1 cd é’%P“"Sé‘E‘&"')" or Mg (6cs AGRPCH 1P &1 XBars. VES A9 elpihRnd 004 O

01/22216 PCT/ Wai@g¥s2 i tihs entbdinlefit 1@3&%&@%@@0&9 a%ﬂ@le%&b’%e@&%mn&ﬁl& gr aph| CS

control l er 230 represents one or nore devices for geRerating i nmhges
gr aphi cs car d)SYsm.di-iavention «yld beimplerpeieddn a mylti-proeesser eqmenyter siesteinc e 220 has

stored therein dat&ﬁaﬁo@mm&a@%ﬁm&&%rz&% nc%@co%aéllgr§§gg 9 SadfRf @

stored in one or nore formats (e.g., a packed data fornat gram code
222 repr esent $iEnHaecsERlen PUmedRm 245 2 pidec capterrgrd2Ag, aaﬁheh mdloedatd 25@fmay he

techni ques of oﬁﬁ%allf'&e%bl%‘to b2 RaFhL ﬁéﬂv@r& ét&ﬂer%?% S8 offeeCONt Al NS

instruction(s) that” cause the processor to per | CI ent sel ective
witing of dathgtwork connections (eg an ethernet connecuon) The storage dcvxcc 220 and media on

which traffic from the network is received by the network controller 255 represents one or
more machine-readable media. Thus, a machine-readable medium includes any mechanism
for storing or transmitting information in a form readable by a machine (e.g., a computer).
For example, machine-readable media include read only memory (ROM); random access
memory (RAM); magnetic disk storage media; optical storage media; flash memory devices;
electrical, optical, acoustical or other form of propagated signals (e.g., carrier waves,
infrared signals, digital signals, etc.); etc.

7 While the TV broadcast signal receiver 260 represents a device for receiving TV
broadcast signals, the fax/modem 245 represents a fax and/or modem for receiving and/or
ransmitting analog signals representing data. The image capture card 235 represents one or
more devices for digitizing images (i.e., a scanner, camera, etc.). The andio card 250
represents one or more devices for inputting and/or outputting sound (e.g., microphones,

speakers, magnetic storage devices, optical storage devices, etc.). A graphics coatroller card



el ements from packed data based upon a mask (e.g., enmulation of a SIM bﬁ/%ﬂﬁ
mask wite instruction) using predication and parallel data process‘]iEHUA 4
course, the storage device 220 preferably contains additional software

(not shown), which is not necessary to understanding the invention. Figure
2 additionally illustrates that the processor 210 includes a decoder 216, a

set of regi,,ﬁ)_to%ﬁmzm, an execution unit 212, an intern%'cr%fmgﬂ%}’ and
I ns

predication circuitry 213. O course, the processor 210 cConta

additional circuitry, which it not necessary to understanding the

i nvention. The decoder 216, registers 214, execution unit 212, and
predication circuitry 213 are coupl ed together by the internal bus 211. The
decoder 216 is wused for decoding instructions received by processor 210
into control sigpals and/or a nicrocode entry Points. In response to these
control si gnal?s0 AP 6PuPiAdce the Bere? lanThs/erprbios centrollen?30 espensents ang oumpe 212

perforns the apRRFQRSI @aﬁggﬁ@gg@%_&gm‘éﬁ& oder 216 may be inplenented
usi ng any nunber of differént nechani Sms (e.g., a |look-up table, a hardware

i npl ement ation, a PEWe 2@lse iljustramyahay the s@emge devB:ei220 bdsouureditincdin ditn2pdched ode
circuitry 218t Q. SURROES> i) ] t ause the processor 210 to
per f or m sel ectpid\%tra W tlﬁng o?ﬂt %g?%éeg%i%ahatsgm?cﬁg%mp‘gc %%%&3?%&-50§£§%%p0n a
mask. Furt her Weiré&rmay, Bmgramebdadd2deepresethibe preses sate f@ifrivsning Sy prysraal ar

pi pelined pro I f eti.ng. one or nor f. these

i nstruction( s)%p%‘sé?ec}é'ﬁ%gmtg@@reéﬁ %S?Jinﬁgma‘ﬁﬁ/prﬁéﬁaﬁ cagep%ﬁ&@?fﬁ’i“%s and

pi pel i ne freezsgjction(s) thataihust G ptovessdres@ to perfoi dffitienBelectivhiRrifigosameor 210
can be capabl ¢ _of teéecuti ngy ne'?W gdinstructi ons ancl/or&]f 9 MAR 200& WO

01/ 22216 PCT/ EHE1SEPS Paded faaba e prd Al (e gpulptpn st a SIMD Lyteamass Wit os e
found in exi strsmgrtigeneing prepiditpaad parfREdatdPrécessifg0 Of @RFHEIhE stotabe QRe
enbodi nent thg 0orrofce‘%'?{or Zlo%ﬁu.pgagrts an instruction set which is
conpati bl e wi £ FREPHCapang adiiphal soffwry (eyshoreyi whicsisnotneesgsapyioexi st i ng
processors, sutdrsamding the iRemidnum@ |11 processor manufactured by Intel

Cor por ati on of Sa:};.a C#ac&ia, §A The execution unit 212 contains multiple
paral | el processi ngSHhf P UPPEN Psgpies THOEERT PrOdedudss afiecpiias RED, a set

I nstructions bfregifembighn éxRellion upia? B, hehnteRANGEI 51, A8H pBditatibn citdding 83,

enbodi ment of _.the invention, the execution unit 212 also contains a

combi ni ng buf Ptfouzs«?dhc processor 210 contains additional circuitry, which i$ not necessary to
understanding the invention. The decoder 2186, registers 214, execution unit 212, and
predication circuitry 213 are coupled together by the intemal bus 211. The decoder 216 is
used for decoding instructions received by processor 210 into control signals and/or a
microcode entry points. In response to these control signals and/or microcode entry points,
the execution unit 212 performs the appropriate operations. The decoder 216 may be
implemented using any number of different mechanisms (e.g., a look-up table, a hardware
implementation, a PLA, etc.).

7 The decoder 216 is shown including decode circuitry 218 to support instruction(s) to
cause the processor 210 to perform selective writing of data elements from packed data
based upon amask. Furthermore, in one embodiment, the processor 210 is a superscalar
pipelined processor capable of completing one or more of these instruction(s) per clock
cycle (ignoring any data dependencies and pipeline freezes). In addition to these

instructions, the processor 210 can be capable of executing new instructions and/or



for storing data until a 64-bit wite could be performed. This conbinin

buf fer 270 allows the maxi numutilization of the bus 215 by al | owi nd StMA& 200k
bus 215 to be used for other purposes while the buffer accunul ates data to
be stored. However, it will be understood that a conbining buffer 270 or a
bus 215, either with a width different than 64-bits, is within the scope
of the preswatrizpdenti on, and that these woul d engender rcoustespandi ng
differences in certain details of the processing units. The registers 214
represent a storage area on processor 210 for storing information,

i ncluding control/status information, integer data, floating point data,
packed data (integer and/or floating point), and predicate data. It is
understood that aspects of the invention arg the described instruction(s)
for operati ngiQirucRaskesti I t are
used. According to theseaggats(géhgﬁgn%\%tt%gﬁuﬁc\ﬁl)}g{ﬁ%‘ggﬁ ﬂﬁ 6“@%%€g&§%°ga used
for storing the& 5"?!?1@@}|1%§Féﬂt§adialemtghmcetsplZlﬁcaﬁponﬂ'henitemmnckaltmnmns)cess| ng
systemis use ¢ [ _processing dat.a

i ncl udi ng thegotgf)@r%ﬁ% g’#tg gjfs%ﬁ Eel?rﬁ[srfﬁlgamg]le@s{%ﬁ%% sg%feﬁi% SPESTIE eSS Bt e 2.

one enbodi nenthe entum@ lewmqssponanuqumrqdrbedhtdaloumtmn bmntarcyarz,ml S
generalized predi i ! t hat ca used for a ructions of
the instruction sgﬁggtcgg[boﬁtuggeg oxi 18 mum@c sarsagF] @Tﬁss'"ﬁfgﬁﬁ%gf\@i enabl es
condi ti onal ewhicuitangrocess nalltipld insturdinms |rqnm11el'lthgspa:mecﬁrﬂtd§ﬂ@g Ltnhe)r é&f @iee al | ows
for the renov f hes the el ves er eby. renoves.
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M cr opr ocessofor Rapngrdam uﬂﬁlmﬁarby: »&ﬁc ccibm pPeforaRd AMEs &Rﬁﬂxﬁﬁgmfkﬁmhﬂ@wg fers
H gh Code 1 9 MAR .2004 1Y\D 01/2% SO0/ 23721 7 ty by Brian Case
in M cropr ocedgBIRxBEpdI{iztpR el lé“rszi b)' @gingltg%lﬂ’éZIWPFé“Gﬁ‘é"’”@hbodl ment is

descri bed qu@oaesgaﬁuemluuﬂadc@mmt&ahmmm HoWwe WS Siflwil e LR idaaddd\Rat
enbodi nent s coul d. suppert, predi cation on only certain instructions
(e.g.,conditiofl "r‘ﬂﬁé‘ c’t%]ﬁér?%tzﬂﬁrétti’%%t}‘ a viigih difgrens thep S4lis| ie wishia the

enbodi ment i SscORE te PeentttOERIoR, ahd halBSK ol ntfié?rcor?c@ﬁé?lhln difihn G jfat a
el ements are witten are of the sane size as the data el errents In

al ternative fBYBATRILCE theRecsssigguniboul d be of different sizes (| ncl udi ng
each mask being caeRESERA 204 reBreSdnNPt8ralt drda-on processor 210 for storing information,

including control/status information, integer data, floating point data, packed data (integer
and/or floating point), and predicate data. It is understood that aspects of the invention are
the described instruction(s) for operating on packed data, as well as how those instruction(s)
are used. According to these aspects of the invention, the storage area used for storing the
predicate data is not critical. The term data processing system is used herein to refer to any
machine for processing data, including the computer systems(s) described with reference to
Figure 2.

In one embodiment of the invention, the predication circuitry 213 is generalized
predication circuitry that can be used for any instructions of the instruction set supported by
the processor 216. Predication enables conditional execution of all instructions. This
technique therefore allows for the removal of branches themselves, and thereby removes the
misprediction penalty. See Demystifying the EPIC and IA-64 by Peter Song in
Microprocessor Report, January 26, 1998 issue and ARM Architecture Offers High Code



Figure 3 is a flow diagram according to one enbodi mrent of the invention. At
block 305 an initialization value is determned that identifies the 9MAR 2004
potential storage |ocation for the currently selected data el enment of the
packed data operand to be selectively witten. From block 305, the process
flows to bl ock 310 At bl ock 310 the value of a predicate for the currently
sel ected da% is determned. In one enbodi nent of the 1Dresent

i nvention, the va ue of the predicate is determ ned usi HBU§°°Fé§l bi t
("tbit") instruction. According to this enbodinent, the tbhit instruction
is used to test a bit of the packed mask data el errent corresponding to the
currently selected data el enent of the packed data operand to be
selectively witten. This predicate value could be stored in a variety of
storage nediunms (e.g., a dedicated predicat€ register, a general-purpose
register, etc)Peniy bl’sIB@@kC@Sz@ﬂ Mficretirepasser Bepor, Ricemisir o8 193] isme SWhikgae di ng t he

e Pl o e RBANAENS: o AGHES Ihaed ool 5l A shgE0L dlfd it i ock 320, 1

the value of the predicate s true 0cess B&eds to
bl ock 330. O lsmbodiments @utﬁcsgswrﬁpir@wammmds:cﬂm bismn:lﬁoxaﬂeg .oBhdibraCckow30, the

currently sel e nt of .t he packed data nd is stored (wth
respect to Fi S’ff ﬁ&%ﬁ% L"ua;&?lé'n Whﬂ%g‘feec(%}q’g%‘ma’é[tlﬁécé‘fr P‘Y erpighepasks stk | n

t he conbi ni ng forleodtiieg )’"hlcﬂ\ﬂftteclerbd:rm:dfe 380kn atdef tiprsanesise fslidtdcendh@Gk 350. At
bl ock 350 of F e 3 noth deci si i s .made regardi ng whet her the
currently selajé We 5ah méﬁ“ésné % %cc{uﬁj}elig‘?@ﬁ&‘tsgeg&é’ﬂ@ﬁﬁ cg¢h a4k bing ked
dat a operand t:omﬂmeccmf(acsmgmebd) If the currently selected data elenent is

the | ast data el e 5 fﬁ?&%ocessed t hen t he (E)rocess 1 9 MAR 2004 WO
01/ 22216 PCT/ US00/B PBrIR BRGNS 19 oneExbpdimEy of ihe fnyantiony WeblaFkse, t he

process flow posarieiislizafichalve acdeeAhied Mat ilbh@6ds 126 entMl siHQE loc2RA f&ftheF lgure
3, the val ue asso b?cifgd with the storage | ocation is increnented. one

enbodi ment of “{FF& (el flatp flgrasnt phife Packsddatpoperand te br srlestivaly wrttge ﬁml -

pur pose regi sbmmcsdiomemaessﬂaeswaioulesmssocn ated with the storage |ocation
could be located in a variety of storage nmedi uns. Next, at block 370 of

Figure 3, the packddPksil '(B‘E)é?"'éﬁﬂfalpéed'célﬁﬁ"ffﬁ'@d:“ﬁ?“b’ﬁéewd(ﬁﬂﬁ effimepiie dat a
el enment (e. d. detéfmmied] Ribnk BELGISEn 8F HOPEdeR@Ment the SLEOBNEe ﬁr:d:catc is

determined using a test bit (“tbit”) instruction. According to this embodiment, the tbit
instruction is used to test a bit of the packed mask data element corresponding to the
currently selected data element of the packed data operand to be selectively written. This
predicate value could be stored in a variety of storage mediums (e.g., a dedicated predicate
Tegister, a general-purpose register, etc).

At block 320 of Figure 3, a decision is made regarding the value of the predicate
determined in block 310. According to block 320, if the value of the predicate is true, then
the process flow proceeds to block 330. Otherwise, process flow proceeds to block 350.

 Atblock 330, the currently selected data element of the packed data operand is stored
(with respect to Figure 2, the currently selected data element may be store in the combining
buffer). After block 330, the process flows to block 350.

At block 350 of Figure 3, another decision is made regarding whether the currently

selected data element is the last data element of the packed data operand to be processed. If

the currently selected data element is the last data element to be processed, then the process



t he packed data operand is the currently selected data item the packed
data operand is left shifted such that the next |ower data el enent HermMireHiL
the nost significant data elenment, and thus the currently selected data

el ement). The process flow then proceeds from 370 back to block 310 and
the process is repeated until the last data elenment is processed. Wiile one
enbodi ment wsoflsari bed in which shifting is used to sepefissb currently
sel ected data el enment of the packed data operand, alternative enbodi nents
coul d used other techniques (e.g., a pointer, support instructions that
allows for a designation (see tbit instruction below), etc.) In addition,
while Figure 3 could be interpreted to illustrate sequential processing,

it is understood that the operations can be done in different orders

e.g., conpilg_sched I|n | 00 n | i.,ng fiar dwar e out - of - or der _execut i on
by vary oule” BiRERd ot e el Bl s BOGRT B PRACEEOFoD BR6HY ot her

oper ati ons nmwdmaﬂnnersperseded in the flow One enbodi nent of the

|nvent|on may be con vi ewed as foll ows R2 Addr ess Regi ster R3
64 bit data Reglps‘tbgﬂdt‘)%b P@éﬁ?&d?@?%‘ﬁ%@ﬁ“@dﬁ%@ﬁ%ﬂ@ﬁ@‘ ¥ask el enents

(xo X 1, ...incoéthntéD€6r oRE AMBAGBer Of meeﬂ;r@s%ﬂ.m%wommst»%my;1&5&!&# &k@ﬁaﬁ
el enent s fronlthe packed data operand stored in X 6

01122216 9 Pcﬂ%wﬂ?@’?z‘iwq’fgftFlaef%l%%m@feswhﬂ)crﬂmrw lecathm qouhdbci@@@)mp 1>

storel r2 I Blaticty T stdabd land{ulﬁﬁ Next, §l<b‘f&9 3‘70 &%q.tfuré ?'tltxc aéke%‘i dgtta%é SRh%s storel
r2z =r3r2 r2 + Ishiftr r3 = r3<<8pl, p2 tore 1 r2 =

r3r2 = r2 + 1%lrff°fitbv thegvidth oBeneglata elsment (3. assymingthe syoapigmfs:w deth ele@ent of 3r 2 =
r2 + 1shifty t'hg’pack&ﬁﬁﬁaﬁlzmﬁ’c?xs rhctcpr'réntlf( So1ttha data item, the packed data operand is left

shifted such that the next lower data element becomes the most significant data element, and

thus the currently selected data element). The process flow then proceeds from 370 back to
block 310 and the process is repeated until the last data element is processed.

While one embodiment is described in which shifting is used to sclect the currently
selected data element of the packed data operand, alternative embodiments could used other
techniques (e.g., a pointer, support instructions that allows for a designation (see tbit
instruction below), etc.) In addition, while Figure 3 could be interpreted to illustrate
sequential processing, it is understood that the operations can be done in different orders
(e.g., compile scheduling, loop unrolling, hardware out-of-order execution etc.), various
operations can be done in parallel, and/or various other operations may be intersperseded in
the flow.

One embodiment of the invention may be conceptually viewed as follows:

R2 = Address Register

R3 = 64 bit data Register

R4 = Mask Register with corresponding mask elements (x0, x1, . . . ,x7)

Code Sequence to selectively write byte size data elements from the packed data operand

stored in R3:
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contains the 64-bits of packed data, divided up, in this example, into eight data elements.

Register R4 contains the packed mask operand, with eight mask elements, x0-x7,

corresponding to the eight data elements of R3.

In the first group of instructions, the code sequence determines the predicate value

using the tbit instruction. In this embodiment, the 1bit tests the most significant bit of the

packed mask element x0. If the bit is 1, then the predicate pl will be set to true, else the

predicate pl will be set to false. An alternative embodiment could set predicate pl equal to

true is the bit value was 0 and, conversely, set pl egual to false if the bit value was 1. It

should be understood that the tbit instruction could test any bit of the corresponding packed

mask element.

In the second group of instructions, the previously stored predication value is used to

conditionally store, in this example, one byte to the storage location associated with the

value in R4. Also during the second group of instructions, R2 is incremented, R3 is shifted

eight bits to the right, and the predicate pl is reset in the same manner as the first group of



el enents of the packed data operand. Accordingly, the invention does ?Pt
require the use of specialized SIMD Byte Mask Wite circuitry. Fathér,Mmm@M
use of predication allows for the avoi dance of conditional branches, and
therefore performance | oss due to branch m sprediction. The multiple
parallel processing units allow for inproved processor throughput (e.g.,
one enbodi RpHERIst he 1nvention has the required nunbeg-wfseiahal | el
processing units to process the instructions of each group above in
parallel). This parallelismand predication allows the invention to have
conpar abl e performance to a specialized SIMD circuitry inplenentation of
the Byte Mask Wite. Mireover, the instructions in Table 1, and thus the
circuitry in the processor to support theqh are used for many purposes, as

conpared to the sgeci alized/ d,eﬁgiélecag%eid byte “mask write instruction
circuitry whi'BHUR¥ES §5Ri IRgh Pt gl rscddestqad g, Mulgpleparied
processi ng) . prbRssinpuans ﬂ%s@%eﬁﬁrdl&&&%ﬁ?%ﬂalm inViIctiOdSn Ih8 V&Rbd drblipldae

processi ng system For exar‘rPI e, based on the processor architecture, the
above code secBURALRES dhe Hmsslogh sy -y Thedbigbérosakithp seyonth srpup of intimctiangcessor

generated by @n@RERH the5ankARhdriabthe SecShd\ @b drARLUhY, Ofke uﬂd‘r‘@&hgkﬁ oY 2
decoder in the processor responsive to receiving a S|ng?e I nstruction, etc.

Figure 4 is dPUMEnaHIcS P Filistopiraried masiselemant. cbhepmenth growp offinsructinpuseer syst em
in accor danGgedialibh B6nRIHRAL 0 the Bt ﬁ&yt&% 'th'@‘ég?%k ﬂitg%tg;gggsols.ig(]c?&r} ppgrtion of

the conputer system conprises the processor orage device 420,
and the bus 4#Fcimie Ipthizessiple, the SqnnRe 2kF94 clack Cklea 2 HoBeveCTHeWBOmIRB721 11

410 in Fi gur g ¢y e Qb surPY R 'ﬂgg! btCU] ' S . not _necessary to
under st andi ng the&r]%snventl oﬁ*&&r p?%taégrggétﬁ%qag%g%g%'ed'/solréhr?e"am gogéé%ut e two
di fferent i nglamgotsiobthe packed data aperandy 64-bit  instruction set and a 32-bit

instruction set). : e tion is used herei refer to an
i nstruction ext erﬁg{aﬁ}ﬁgﬁ%@eﬁq@%ﬁ@;& %%@?gﬁ%ce[g%%sr@ .0??pﬁc'%h25d EQ&I?iBgmNZq,sk
enbodi nent, tWMete cdeutgd dtatht, Gheiuse ofpedichiion adlewofbr rig aveigdneeiaficondigonhr om a fi r st

o L0 TSty MEAA0 BBt Dbt LAR AR AR SRR
when ext er nalpropessimg enitseadi oty fortiinpropedgeeesor thdbilghpuak §., BRcCsmibodBdenLud tieons. | n
invention has the required number of parallel processing units to process the instructions of
each group above in parallel). This parallelism and predication allows the invention to have
comparable performance to a specialized SIMD circuitry implementation of the Byte Mask
Write. Moreover, the instructions in Table 1, and thus the circuitry in the processor to
support them, are used for many purposes, as compared to the specialized/dedicated byte
mask write instruction circuitry which has a much narrower field of use (e.g., graphics
processing).
The invention may be implemented at various levels in the processing system. For
example, based on the processor architecture, the above code sequence could be manually
coded and provided to the processor, generated by a compiler compiling a single instruction,
generated by a decoder in the processor responsive to receiving a single instruction, etc.
Figure 4 is a diagram illustrating a selected portion of a computer system in
accordance with one embodiment of the invention. The select portion of the computer

systemn comprises the processor 410, the storage device 420, and the bus 415. The processor



addition, the mcrocode converter 417 is used for converting instructions
fromthe second instruction set 420 (e.g., |A32 Intel Architecture 19 MAR 2004
instructions) into the instructions fromthe first instruction set 410,

whi ch are then processed by the decoder 416. In other words, at |east
certain of the macroinstructions fromthe second instruction set 420 are
converted i first level mcrocode made up of inst i fromthe
first inst r‘ﬂ%tgllmoz?lwset 410. In this case, the instructi o%%érog@%]he first
instruction set 410, when generated internally to the processor 410, are
m croinstructions. In one enbodi nent, the conversion is acconplished using
a mcrocode ROM For exanple, in one enbodinent, a single SIMD Byte Mask
Wite nmacroinstruction nmay be provided to the m crocode converter 417 where
it is converted to the appropriate instrudiions fromthe first instruction
set 410 (her ¢*18d% Figgre dsontaingadgitianal eiruitiyowhiph oot seetseary toneldsrstandidg thg dat a

el ements fromypagked data based upon a nmask using predication. In
addition, the same instructions fromthe first instruction set 410 for

sel ectively witi A pracassost Ehie desigrebiglesechie twedifferemdnasctiohGE® (45 464t ONS
directly by t; . Thi S 1 nwertion has been .described wt

r ef eren%:/e %/o lg%ggt%?%%%gggﬁ%?%#ngmé:ﬁ%%%pngh & F‘ﬁ‘g‘f"@f)tfl{cu?'{‘swcfjl?'?mﬂd r, be
evi dent to pdpsoimsinistion exgerialip rdseime tiyttheofrodebsos IdioScpapsdulae ethbalimeny @i OUS

nodi fi cation e de.to.the enhodi nents w t hout

departing f?dg%datg%@%%g%f@m %ﬁ@?% %ﬁ%@é‘BB@S@t%WSMWFﬁﬁ?'IoTﬁé

speci fi cat i orostrd signasvMnd s misi&pde eree Poifks NTH this c4sO, Sin§tRYaFE &dmi the Gk

illustrative .r?tger ttgz{; restrictive dsegtﬁe. 1 9 MAR 2004 12 CLAIMS 1. A
'Y Yhepe

conput er - i npl'enented® n ey d5Rlye FSitPT HHb aganagroinsvatines. & a

packed data epditian theasicrocod Edrertdr ¥15i6 hea R doslahmg iRIEABRS frohR &Lk €ach
data el enent .of said Q?‘ﬁked g?:)ta operand has a corresponding nask data
el enent i ndi dRPTPHIPSHECHES-1f57 el Architectge pgructipns) integhe igptpichiong famibd ue

i ndi cating a feuldsendiby s& @105 ehRE a®tith PetRess3 thedbcddRF 4%@])?01%&@0?&? Ly
selected data el enent; determning a predicate value for the currently

d
sel ected dat &% ERERPT Hie BRFTGREnGHONS figmehgsecand dgstrygtion setdRP ars sevamadgntams k

el ement a first level microcode made up of instructions from the first instruction set 410. In this
case, the instructions from the first instruction set 410, when generated internally to the
processor 410, are microinstructions. In one embodiment, the conversion is accomplished
using a microcode ROM. For example, in one embodiment, a single SIMD Byte Mask
Write macroinstruction may be provided to the microcode converter 417 where it is
converted to the appropriate instructions from the first instruction set 410 (here acting as
microinstructions) for selectively writing data elements from packed data based upon a mask
using predication. In addition, the same instructions from the first instruction set 410 for
selectively writing data elements could be received as macroinstructions directly by the
decoder 416.

This invention has been described with reference to specific exemplary embodiments
thereof. It will, however, be evident to persons having the benefit of this disclosure that
various modifications and changes may be made to these embodiments without departing
from the broader spirit and scope of the invention. The specification and drawings are,

accordingly, to be regarded in an illustrative rather than a restrictive sense.



selectively witing the currently selected data el enent from sai d packed
data operand by perfornming the following in parallel processing unit8MAR 2004
witing said currently selected data elenent to said currently sel ected
storage | ocation based on said prediidate val ue, increnenting said val ue
indicating said currently selected storage |ocation, selecting another data
el ement of said packed data operand as said currently selected data

el enent HAAINER ermi ni ng a predicate value for that data el ement from one or
nore bits of said correspondi ng mask el enent; repeating said selectively
witing until the last of the data elenents of said packed data operand is
the currednt!| yAsempetepémplahented @emol coapesivg:i ting said currently selected
dat a el enent ti said currently selected storage |ocation based on said

g
predi cate val Heectisg onpdataglemslf of parked fate opgRad at Howsndly seleeted #48 one data

el ement ienGledt @herl &ahida@ ddh@ent befalid pREtd SDsielindant a datapshdinent of the
packed data qperand. 3. The nethod of claim 1, wherein said selecting

anot her dufsk daip &lpgisnt inficptingewhedbgriit is sgfectedifog wsiisked data operand by one

data el enent. sthrinfh&aRtiMActRE aci:luﬁ'.bl'iﬂy]ﬂeléﬁ’ﬂ:_@rs@r&eﬂ@éa@oﬁ?&@hﬁ%ﬁemgj_ ue is
stored in a re%ster. 5. The method of claim1l, wherein said predicate

val ue is SHEEEd ArmElEmSYtiusing a test bit instruction. 1 9 MAR 2004 13 6.
The method of _d@ﬂeﬁﬂhimn%_a wapLevaILL Re tlﬁ%ﬁﬁ@rﬁ{y{% lQﬁE({)&H@%ﬁénﬁ‘f 5@%995'156' to a
i 8 whi ¢ ﬁas de

single macroinstruction Instruction een deco into one or
nmore m cresrgkitsafisaid epreesponding maskelethet of clai m 6, wherein said

macroi nstruct is&@ctiv%ag\?{iﬁné)tfhe @ugrér[tﬁ,bsggegég E‘é}?ﬁ‘f’%fﬁ&m s§i9$§£l&ﬁ%at§nd di fferent

froma second instruction set inc n? sald mcrolnstructions, wherein
i nst r uct iogerend pyoparkoamiae shedohelving 8t pavdiel proceseing aeits, be recei ved directly by

Second inetructi on "Eareare bafl ol Rl ok Ly LARMIY RO T O e
entry poileration Basedhor eaiph atedicateypstuem conpri si ng: )
incrementing said value indicating said currently selected storage
location,
selecting another data element of said packed data operand as said currently
selected data elemnent and determining a predicate value for that data
element from one or more bits of said corresponding mask element;
repeating said selectively writing until the last of the data elements of said packed
data operand is the currently selected data element; and
writing said currently selected data element to said currently selected storage location

based on said predicate value.

2. The method of claim 1, wherein said selecting one data element includes selecting the

left most significant data element of the packed data operand.

3. The method of claim 1, wherein said selecting another data element includes shifting

said packed data operand by one data ¢lement.
4, The method of claim 1, wherein said predicate value is stored in a register.

5. The method of claim 1, wherein said predicate value is determined by using a test bit

instruction.



a processor having predication circuitry and parallel processing units; and
a storage device coupled to said processor and havi ng stored thereon1gpggqm¢
of one or nore instructions, which when executed by the processor, causes
the processor to selectively wite eaéh data el ement froma packed data
operand into a corresponding storage |ocation by: for each data el enment of
sai d packed data operand performng the followng in said parallel

processi g u anhfsmeth(aUEf iclagn &, aﬂdreprthda'tmdrmrfohmedljuh tespontedo deige m ne a

Gt masi e i LR KR tseatlol8 o e RGBSl "Bl cot ea

for witing to sald correspondl ng storage location; and storing in the
correspondi ng..st or catlo t.he .sel ected data ele based on said

o e ont o val B SR8 b Bt Suf EedRing b are S e A on f ser. of
one or neegrdtesidrdiffirem iSm mbdides’istrualo‘ﬁlsﬂgh(ﬁud'fffgf‘d’aﬂldﬂSﬁoidﬂﬁﬁldtlﬁﬁk, wWh&kimuCt i on
that is decoded t he processor, into | eas r re

m cr oi nst'?ﬂ?&f?%ﬁ%‘f"ﬁé‘g S@Q[}g@gtﬂggpﬂse&: §§°6P"°é 6“'@3)’ g&fﬂ%@‘l"‘?SW'i te each data
el ement. 11. The conputer system of claim9, wherein said processor

i ncludes a conblnlng buf f to receive one or nore data_ el enents sel ected
accordi nd-to $hgme B‘l’de?fl"!?&f' é’s""ﬁffé‘f'@)f’@”'ﬂfé’f’?ﬁgﬁw paiq geRondipStISHon SEAT espondi ng

storage |Realkd RiScontke) sighfe afPEMMEREcdR ¥RIEMIME OCcessor of claim9, said
predication circuitry to determine a predicate value for and of the

instructions in the instruction set supported by the processor. 1 9 MAR

2004 14 13. TRRompPHBULSEmS¥mp@MLf claim 9 wherein said processor includes
a first decoder to décode nacroinstructions froma first instruction set,

and a second AEFEEPr haying prdigaion FEHTE| aqd paraltel prosrssing Wis:@ndecond i nstructi on

set into m crqisss e‘d@@ﬁb@&%pl@@%aﬁ&r&t&ssbpﬁlﬁrhh'\ﬁﬁé Q5rd thefeBih S@bflordeidr St
instruction set. 1I4. The conputer systemof claim 13, wherein said set of

one or moPEe iNHERCH RS Wbﬁbwﬂlgn graeried hygheomrospstoricauses st r uct i ons from sai d

first i n%&c@ﬁ%ﬂt@@el%fvelywne Aok ORI Rt TR LB A TRLRA for sel ectivel y
witing each data elenment froma packed data oper and into a correspondi ng

st orage |igeacpiurspensingrsiosqesdecation by:
for each data element of said packed data operand performing the following in said

paralle! processing units,

causing said prediction circuitry to determine a predicate value for said data
element from one or more bits of a packed data mask element indicating whether the packed
data element is selected for writing to said corresponding storage location; and

storing in the corresponding storage location the selected data element based

on said predicate value,

10.  The computer system of claim 9, wherein said set of one or more instructions includes
a single macroinstruction instruction that is decoded by the processor into at least one or more

microinstructions that causes said processor to selectively write each data element.

11. The computer system of claim 9, wherein said processor includes a combining buffer
to receive one or more data elements selected according to said predicates before being written

to said corresponding storage locations.

12. The computer system processor of claim 9, said predication circuitry to determine a

predicate value for and of the instructions in the instruction set supported by the processor.



in response to a plurality of instructions, performng the follow ng,faor
each data elenent of said packed data operand, determ ning a predi chBdMAR 2004
value for said data elenent fromone or nore bits of a correspondi ng

packed data mask el ement indicating wdether said elenent is selected for
witing to said correspondi ng storage |ocation, wherein said predicate

value is determned by wusing a test instruction; and storing in said
correspondi ng Bieanvagetet gs@amiobolainhewhatechiegradaka indleentirdoasederon  sai d

predi cate value. 16. The nethad of claim 15, wherein the folJowing is also
Per f or mredeiaF TBGERSE A BIaHOn: M5r-Uah e da R SO B dsie shi 711 ng- sa d
packed daiRrodReLAREs fHym @B&of@inanklienRbinto rli¢roinkhectiord MaR vpbf BikaicibnkS,

wherein the acts are performed in response to a single nmacroinstruction
from whi CRTESHAAITEH IPBFRFYANSeHf | nstructi ons have been produced. 18. The

met hod of claim 17, wherein said nmacroinstruction is part of a first
instruction set separate and different froma second instruction set

i ncl udi nd4sai dhprameater sxstegyof clajm { 3.0herelrraid sad pes ¢ MasspEtPAS™Ideom sai d

second i N3tof MakipRNnSaLtdme FoRQalierginattdhkct |y by said processor. 19. The
met hod of claim 15, wherein said plurality of instructions are

m croi nstructions. 20. The nethod of claim 15, wherein said plurality of

| ISUTUCLIQNS of &.TAGE SLAShENGLEGAT: olecRMIR GAA A% Bl 1R ABROC Of ol aim

15 prelimnar rng: translating a’single instruction into said
pl ural i t yadded dats ppesandiintn s cor2@pondlingrstocags dasatianamoppiisinglg: a decoder to decode

a set of one qf j Lo, Zd | . Ik h ked dat a
el enent of a paaeglgdége ao'?i j’ﬁ‘[{%ﬁ gn]gﬁfutﬁﬁ%ﬁ’ egfg{"'}'eé%gﬁggfo%&s'?'g%aggg&?ocati on;
pr edi cat ietemeot afcaid packed danpbpechnds t h sai d decoder to determ ne a predicate
value for ~each of sald packet, data eloomats, based .o one, of, gL bits of a
packed data mask el SFERPME A R ng Whé %er FRAE pa(r:"kefi data elfenent is
sel ect ed afcofrespondingygcied da@inthsic eemas palivdiimgwhetiee sdid elerment is selected for

writing to said corresponding storage location, wherein said predicate value is determined by

using a test instruction; and

storing in said corresponding storage location the selected data element based on

said predicate value.

16. The method of claim 15, wherein the following is also performed for each data
element of said packed data operand:

shifting said packed data operand by one data element.

17. The method of claim 15, wherein the acts are performed in response to a single

macroinstruction from which said plurality of instructions have been produced.

8. The method of claim 17, wherein said macroinstruction is part of a first instruction
set separate and different from a second instruction set including said plurality of
instructions, wherein instructions from said second instruction set can be received directly
by said processor.

19. The method of claim 15, wherein said plurality of instructions are microinstructions.

20. The method of claim 15, wherein said plurality of instructions are macroinstructions.



an execution unit coupled wth said decoder conprising, a plurality of

paral | el processing units to cause said packed data elenents to be 19 MAR 200
selectively witten into said corresponding | ocations based on said

predi cate val ues; a conbining buffer 1o store said selected data el ements
before being witten to said corresponding storage |ocations. 23. The
processor of claim22, wherein the set of one or nore instructions

conpri segl. noilke méthed ofiedeimdé poiingarilycoingrisin24. The processor of claim 22,

wherein the s f...one. or . ' , ' a single
macr oi nstruct i?rtérﬁs?anﬂgéafglg '%ﬁgggggﬁéE%ﬁ%%ﬁﬁr#%&ﬁﬁ?ei n the set of one or
nore instructions conprises nore than one mcroinstruction. 26. A

conputer-'bnpl m?_ggees%rnen'%h%% for selectively witing each data el enent from
a packed*dat & BPEPEREPTHESSa correspondi ng storage | ocation conprising: in

I esponse atdecoderab décali¢ & yet of orers nbteGhstmisons pesefeotivelyngrite kachfpatdeddatag f or each
data el epent gf %%i l?(jzpacked dat a ?(?Fger%ad, tdet e([fm'tni ng a predicate val ue
for sai d HRFY oLpBAERY 957 CREB LD P CORFROTEINE SIOBES 98 r espondi ng packed dat a
mask el ement ipredicat@dnl cirguind) @bupted vaith sdideleeitient detsrntied £predichté adluedoi ting to
said corre ndi ng, storage | ocation; and stari in id correspondin

st or age P@Q)? P P%h‘é‘ dé"élege&’"te@ta%i‘fﬁf' an grehraire e gp‘fﬁl?ef@"é? q255r" ﬂ]egtate vgl ue.
1 9 MAR 20ttiddwlRether TAEpATRSdAEh Pimet i8sd el foNaetiry tB sdileorfedpdnding Ng is al so

performed for each data el ement of said packed data operand: shifting said
packed da¥a'®perand by one data el enment. 28. The method of claim 26,

wherein said ghedc@@in@niabiped withdaldeletddoesbnyisiigi Ng a test bit
instruction. 29. The nethod of claim26, wherein the a tstﬁare erfornmed in

response to a si ngP@rHEY PioRardich RIRGESTRE Units i capsespid £35 SPFHS100f

| NSt 1 uct ib@Bechioat? whRE kY QRUGREsporkfing [déMEioRRIaAGNQhid pledicte Zespher ei n sai d
macrol nstruction I s par,t,of a first 1nstruction set ) ;
a combining buffer to store said selected data elements before being written

to said corresponding storage locations.

23. The processor of claim 22, wherein the set of one or more instructions comprises

more than one macroinstruction,

24, The processor of claim 22, wherein the set of one or more instructions comprises a

single macroinstruction.

25.  The processor of claim 22, wherein the set of one or more instructions comprises

more than one microinstruction.

26. A computer-implemented method for selectively writing each data element from a
packed data operand into a corresponding storage location comprising:
in response to a plurality of instructions, performing the following for each data

element of said packed data operand,

determining a predicate value for said data element from one or more bits of a
corresponding packed data mask element indicating whether said element is selected for writing
to said corresponding storage location; and

storing in said corresponding storage location the selected data element based on

said predicate value.



separate and different froma second instruction set including said
plurality of instructions, wherein instructions fromsaid second 19 MAR 70D
instruction set can be received directly by said processor. 31. The net hod
of claim 26, wherein said plurality df instructions are mcroinstructions.
32. The nethod of claim 26, wherein said plurality of instructions are
macr oi nstructions. 33. The nethod of claim26 prelimnarily conprising:
transl at 2hg aTsé methed offetiim Q6 twherein the Bllsainglisplsupafiryd f cacnddts daténons. 34. A
met hod COFPQf kg enmul ahlng a byte mask wite instruction identifying a
packed dSt%URERLYSE"S packed rmsk operand, wherein said emul ating
i ncl udes perf@lmﬁinggaldbmkéctﬂatampémxgtb)dmé:{tmlahﬂg a predicate value for each
data el enent of said packed data operand fromone or nore bits of a
correspondi ng packed data mask el enent of said packed mask operand, each
of sai d pgedi qat petiad sfetirh D6livdaicinngidphaiche valud 8§ daamiiedpondidgedaita el enent
is selected for witing to a correspondi ng storage | ocation; and storing
only t hodB"8§°845i d data el enents selected for witing as i ndi cat ed by
their predicate value in their corresponding storage |ocation. 35. The

met hod of claim 34, wherein said byte mask wite instruction is an x86

i nstruct 2dn. 38 mythed ofiaip d6.grhereindhggots are Rerfarmed ip respopsed? aEM®at e val ue i s
det er m nggcBstizlifttrén {vﬁﬁﬁ szh"r! Blurality SF inbteilctiohd havk b3edYRRILQOD4 17 37. The net hod
of claim34, wherein the following is also performed for each data el enent
of said packed data operand: shifting said packed data operand by one data
el ement . 3g8. ﬁ«h@ﬁ.tnh@diof%rm bb SiHeRin BifkaRoti3Guctbn s &35& sticrkiOnrhdRAtef i ng a
packed data operand stored i'n a first register and a packed mask oper and
stored i Aeparatrandiffercaidfram erecondhiestrastion setingludingistid PRGIIRE Ingtetiopser f or mi ng t he
fol | ow nQ/hEIan iAo &4 ?Al@%&ﬁ ifkrudiidh get RaPeGelead AircRiNEh, AR préldssl M ning a
predi cate value for sald data elenent froma corresponding packed data
mask el ement of said packed mask operand, wherein said correspondi ng packed

dat a rrag!f el e{"ﬁ%m Hod of aglmsmhéje%%an@%lﬁﬁhﬁoﬁﬁs&ﬁctﬂn@ ARMicroMgthiidisedi cat e

val ue indicating ether sal
32 The method of claim 26, wherein said plurality of instructions are macroinstructions.
33. The method of claim 26 preliminarily comprising:

translating a single instruction into said plurality of instructions.

34. A method comprising:
emulating a byte mask write instruction identifying a packed data operand and a packed

mask operand, wherein said emulating includes performing the following;

determining a predicate value for each data element of said packed data
operand frbm one or more bits of a corresponding packed data mask element of said packed
mask operand, each of said predicate values indicating whether its corresponding data element is
selected for writing to a corresponding storage location; and

storing only those of said data elements selected for writing as indicated by

their predicate value in their corresponding storage location.
35, The method of claim 34, wherein said byte mask write instruction is an x86 instruction.

36. The method of claim 34, wherein said predicate value is determined by using a test bit

instruction.



data elenent is selected for witing to a correspondi ng storage Ipca,]tbm
having a nenory address determned froma value stored in a third R 200¢
regi ster; storing said data el enent at said correspondi ng storage |ocation
based on said predicate value; and shiffing said packed data operand by
one data el enent; and increnenting said value. 39. The nmethod of claim 38,
wherein said instruction is an x86 instruction. 40. The method of claim 38,
wherein Sdi d iThsmethed pitriing4 avlisyaietheripdlRwing iistadsoiperéermed for eavh d#ra elefg et hod

of claim - i i.d.predicate value is determ ned by using a test bit
i nstruct iog%ld %.ﬁéﬂe a%%g}taﬂ%d of claim 38, wherein said packed data operand
is 64 bits anghifaigdaidatcaed ditacrperand bysor@ digh elsmert3. The net hod of cl ai m 38,
wherein said packed mask operand is 64 bits and said packed data nask
elenment is 8 bits. 44. A nethod conprising: converting a byte mask wite

i nstruct i38n ofA methed ®tmprisisg:r ucti on set into a plurality of instructions of
a second instrucii.on se wherej.n. sai d ralit f instructions are

macr o nst r uct FoREiRR e e R g LB e S A R RERUR 1 g

sai d pl umpadked yaskiopéramgitstoredtin Ddesond feghet, vhpreiacad sailatinghedelenpssfaiminghecut i ng
i ncl udes rformn he follow.ng for each data el enent of a packed data
oper and, f‘%g‘f”é‘}grﬂg?n‘?aﬁb‘sag %‘?’Téeafglz,im?‘g%§ﬂ‘%gat‘?8‘?ﬂa§@1 d data el enent from one or
nor e bijts of a cg_rdmeﬁrn@inglf mdimﬁ@sﬂ:fd&hiﬂ dﬁﬁ%lélﬁl@[ht&'ﬁﬁf%cogESpandmnged mask
operand, sai redicate val u icatin et her sai ta element is
oBF et ed PR g1 kg eien e s paskalSHoR s S8 LR BN BRESED ng i n
sai d cor meskpedlintig the kaieade ad ARialhia@RmEMSaid plediciie chhitahdcafthORMNer Sa@sed  on
sai d pregiﬁca]tee val ue. 4f5. The met hod of . claim44, wherein said byte mask
wite i ndfPHEPFYA FECEhO)BEURES £ COMETPRAINE HBraBerREAtAR MU 20ReMALi m 44,

wher ei N 9adréhs BEediitatidmelali siofed e4 @rdtdRREr;DY using a test bit

storing said data element at said corresponding storage location based
on said predicate value; and
shifting said packed data operand by one data element; and

incrementing said value.

39. The method of claim 38, wherein said instruction is an x86 instruction.

40. The method of claim 38, wherein said instruction is a byte mask write instruction.

41. The method of claim 38, wherein said predicate value is determined by using a test bit
instruction.

42. The method of claim 38, wherein said packed data operand is 64 bits and said data

element is 8 bits.

43, The method of claim 38, wherein said packed mask operand is 64 bits and said packed

data mask element is 8 bits.

44. A method comprising:
converting a byte mask write instruction of a first instruction set into a plurality of
instructions of a second instruction set, wherein said plurality of instructions are macroinstructions

receivable by a processor;



instruction. 47. A processor conprising a decoder of a first instruction

set to receive instructions that enmulate a byte mask wite instruct{ QmMmAR 2004
froma second instruction set, the byte mask write instruction identifying

a packed data operand and a packed nask8operand; predication circuitry
coupled with said decoder to determine a predicate value for each data

el enent of said packed data operand based on one or nore bits of a

cor r espondi ng eperokedaid ghraditymd skirstienvensaidyfrossiod whaeik ead eregkingper and

i ndi cati : ement. . i | | r witing to a
corres pog%l%?é%@ggﬁk 3@%@53{” e\r%%ec}ratélle?\emggtl Ogghgctqu éeaI?aeorPgrﬁP E’i s the sane size
as said packed datdateneising epedesit yaleenfoessgicitaicmentrfrdn @pwpmed btk 6z sai d

decoder to execute the . instructions of said first, instruction set, said
exeout | orf TRPTBATKCL ity mask sleamerty o Brskeipesk gy BRI RS AR o 1o cause
sai d dat dndidadingpwheshel @aiddata deahedCik baletey foMwiritihgto aictrie@pandinglsieagealeapamndi ng
storage | ocation based on said predicate values. 48. The processor of claim
47 conpriagﬁ?ng: a conmbining buffer to store said selected data el enents

before bei ng witt erih@insaiddorr3pend g Porhgé IdChtivh Meagectddaaateleniettbadl. The
processor of claim47 further conprising: a register set coupled with said
decoder, Ogé‘i“ﬂipfﬁélléﬂ? % on circuitry, and said execution wunit, including, 1
U MAR 2004 19 a first register to store said packed mask operand, a second
register to store said packed data operand, and a third register to store a
val ue frdm mT@ﬁ"'g'anbof@@r%"sﬁfaﬁa'Pﬁ@d OPack arifedesHustion isiad x¥suetioed. 50. The
processor of claim47, wherein the second instruction set conprises x86
instructions. 51. The processor of claim47, wherein the first instruction
set corrpr4f’ses "By msthod of glaim A xhesipsaid predicate value is determined by using a test bit

instruction.

47. A processor comprising:

a decoder of a first instruction set to receive instructions that emulate a byte mask write
instruction from a second instruction set, the byte mask write instruction identifying a packed
data operand and a packed mask operand;

predication circuitry coupied with said decoder to determine a predicate value for each
data element of said packed data operand based on one or more bits of a corresponding packed
data mask element of said packed mask operand indicating whether that data element is selected
for writing to a corresponding storage location, wherein said data element is the same size as said
packed data mask element;

an execution unit coupled with said decoder to execute the instructions of said first
instruction set, said execution unit comprising,

- a set of one or more processing units to cause said data elements to be

selectively written into said corresponding storage location based on said predicate values.

48, The processor of claim 47 comprising:
a combining buffer to store said selected data elements before being written to said

corresponding storage locations.

49, The processor of claim 47 further comprising:
a register set coupled with said decoder, said predication circuitry, and said execution

unit, including,



52. A conputer system conprising: a processor having predication circuitry,
paral l el processing units, and a decoder of a first instruction set? d &Nk 74
storage device coupled to said processor and having stored thereon a byte
mask wite instruction that is of al!8econd instruction set and that
specifies a packed data operand and a packed mask operand, wherein said
byte mask write instruction is to be converted into one or nore

i nstructions of saiadirdt ragSter torssdre a6t packed stk opalahd;h when executed by said
processor, causes said,processor tq selectively wite each data el ement
from sai d packed dﬁfﬁ”@ﬁ%ﬁ@ﬁﬂnﬁﬁﬁﬁmﬁpmﬁﬁ&ﬁ%%ﬁ%ﬁ%?ﬁﬁdstorage | ocati on by:
causi ng sai d predi athi@regitéraaistbrey vhige fléh &uhith 8ed corRERedingiterapelbes@iod or each
data el enpnt of said packed data operand fromone or nore bits of a

corr esporidfi§™¥5tked data mask el enent of said packed mask operand

i ndi cating whether the data element is selected for witing to said
correspondi ng_storage | ocatign; and storing in the correspondi ng storage

| ocat i onsVonl y¢ Freesasospf daimd/ tadtesein e snppnet 18StUgoBSEEEMPAES W9 t i ng as

i ndi cat eghshyctiblrei r predi cate value. 53. The conmputer system of claim53,
wherein the second instruction set is the x86 instruction set. 54. The
conputer systemof claim53, wherein the first instruction set is 64-bit

i nStructispn Sehe pracessol BEIHRAMWIRFeiSHS FRMIGfuctdrdkiBorpriscdBebei N the first
instruction set Is the 1A64 1nstruction set. 1 9 R 2004 20 56, A

machi ne- MEEERIBe nedi um t hat provides instructions that, if executed by a
processor, Ww |l cause said processor to perform operations conprising:
emul ating an instruction identifying a packed data operand stored in a
first regd?ster cORMPUCLSYRaE ReMPris8k operand stored in a second register,

wher ei n sai d_g el kiERSn RELS NGRS Aol O @rach data

el ement of sai d packed a operand; "determning a predicate value for said
dat a el efEshinstycsian setc@fr espondi ng  packed data nask el enent of said packed

mask operand, a%ﬁdrg@ h&ié%gpl%rsﬁﬁ B%gsis&gm@ ﬁ%ﬁg@t&@& tiereon a byte mask

write instruction that is of a second instruction set and that specifies a packed data operand and a
packed mask operand , wherein said byte mask write instruction is to be converted into one or
more instructions of said first instruction set, which when executed by said processor, causes
said processor to selectively write each data element from said packed data operand into a
corresponding storage location by:

causing said prediction circuitry to determine a predicate value for each data
element of said packed data operand from one or more bits of a corresponding packed data mask
element of said packed mask operand indicating whether the data element is selected for
writing to said corresponding storage location; and

storing in the corresponding storage locations only those of said data

clements selected for writing as indicated by their predicate value.

53. The computer system of claim 53, wherein the second instruction set is the x86

instruction set.

54, The computer systemn of claim 53, wherein the first instruction set is 64-bit instruction

set.

55. The computer system of claim 53, wherein the first instruction set is the IA64

instruction set.



mask el enment is the sane size as said data el enent, said predicate val ue

I ndi cati ng whether said data elenent is selected for witi ng to a 19MAR 2004
correspondi ng storage | ocation having a nenory address determined froma
value stored in a third register; st@Ping said data el enent at said
correspondi ng storage | ocation based on said predicate value; and shifting
sai d packed data operand by one data el enent; and increnenting said val ue.
57. The /achi Manrch'mda&aHze:lermcﬁitmml1®tfprmJic&is msﬂﬁ&;ionmm ef exeaadddyiapsicess@f i on IS an
x86 |nstrlct ond HH i ne-re | e medi um of claim56, wherein said
i nst ruct MOh"4E 4 BVT%M%EH% W e a“?ﬁg?Wﬁﬁwgon 59. The machi ne-readabl e
medi um of cl akmulafing Mmﬁbﬂbnsaenﬁﬁprﬁgeﬁbaemdeiaba@betend Sorekeiner firsireglsterby usi ng a
test bit i StrFCtIOEPQGO The nachlng r eadabl e. medj um of CIF|n156 wher ei n

sai d pacR d;storeglyin gisecond regigtes Ayhgreguipld qojulqtigpincludesg pits. 61,
The machjp, Elﬁ)rﬁlﬁ%dﬁéjﬂoﬂoﬁﬁgiFdiféhdhfda@eﬁelrrléhﬁﬁ“,sm%ﬁik@d fatSapethnppcked mask oper and
an

IS 64 bits sai d packed data nask elenment is 8 bits.
determining a predicate value for said data element from a corresponding
packed data mask element of said packed mask operand, wherein said corresponding packed data
mask element is the same size as said data element, said predicate value indicating whether said
data element is selected for writing to a corresponding storage location having a memory
address determined from a vaiue stored in a third register;

storing said data element at said corresponding storage {ocation based on

said predicate value; and

shifting said packed data operand by one data element; and incrementing said

value.

57. The machine-readable medium of claim 56, wherein said instruction is an x86

instruction.

58. The machine-readable medium of claim 56, wherein said instruction is a byte mask write

instruction.

59. The machine-readable medium of claim 56, wherein said predicate value is determined

by using a test bit instruction.

60. The machine-readable medium of claim 56, wherein said packed data operand is 64 bits

and said data element is 8 bits.

61. The machine-readable medium of claim 56, wherein said packed mask operand is 64 bits

and said packed data mask element is 8 bits.



