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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
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 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.



One common operation required by such applications is the witing of

sel ected data items froma collection of data items to menory. Wiether a
gi ven datag; (r;] s to be witten to nmenory is based upon a nmask. An
approach t YOHH#38 select bytes of data uses a test, br ZSaFSOURARLy ¢ e
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 either wite or bypass witing the byte to nenory. However, this
approach suffers a performance penalty for branch m spredictions. To avoi d
this branch m sprediction penalty, a Single 2nstruction, Miltiple Data
(SIMD) processor @nekommoh opeation r e?mddbpsxmrapﬁidan&xs% M@wrﬁmg@fwe%ked\%tat e"

i nstruction to ite (gac ked.data from one storage |ocation to another (see
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i npl ementing a SIM") Byte sk Wite rnstructio Wtecture.
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packed data mask | ocated in second SIM regisSter, |abeléd MW and
denot ed by t pew 'é’cfeﬁ"kia%éﬂl%@‘m 102. Bytes 110 and 114 of the register
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architecture. Figure 1 illustrates the SIMD 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.

s



A net hod and apparatus for selectively witing data el enents from packed.
data based wupon a nmask using predication are described. In one enbodi nent
of the iygiHhRN, for each data elenent of a packed dgicgnRp@sssid. the
following I's performed in parallel processing units: determning a

predi cate value for the data elenent fromone or nore bits of a
correspondi ng packed data nmask el enent indicating whether the data el enent
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

predi cate val ue. BRI EF DESCRI PTI ON OF THE BRAW NGS The features and

advant ages of the invention will becone apparent fromthe follow ng

detailed d LRt (=W ' Ln which: Figure 1 is a block diagram
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Figure 2 is a block diagramillustrating one enbodi nent of a conputer
syst em 200 BRIEFDESORIRTION OF THE DRAWINGS nent of the invention. The

computer syste m‘l%g Qeaﬁgergpaglh Sa&?an?ages of the invention will become apparent from the

following detailed description of the invention in which:

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

Figure2is 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 ﬁrovide 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.



praocessor 210, a st.orage device 220, and a bus 215. The processor 210 is
coupled to the storage device 220 by the bus 215. In addition, a nunber of
user input/output devices 240 (e.g., keyboard, nouse) are al so coupled to
the bus 21308216, ncessor 210 represents a central proddId9N2Hi ¢ of any
type of architecture, such as CSC, RISC, VLIW or hybrid architecture.
Furt hernore, the processor 210 could be inplenented on one or nore chips.
The bus 215 represents one or nore buses (e.g., AGP, PCl, |ISA X-Bus, VESA
etc.) and bridges. Wiile this enbodinent is described inrelation to a
singl e processor conputer system the invenyion could be inplemented in a
mul ti-processor quHE h re
of a network contro Ie?lﬁggéagﬁk broagﬁ e%@%ﬁ%&@@g&%¥%§§ﬁ§r%&Em&bO%P

f ax/ modem 245acchdmwthmpmbedxmamd>f m;anvmtmh dFheaothpouter systn200 conprises a

optionally be ntroll er es nts one
or nore netwd rgge"ég%‘ég sm%#\l% d%gcﬁzz-la] yﬁﬁl\}ﬂfglﬁ'e&g Pfﬂ?f’éﬁ‘frlz&ﬁ}s °°’fﬁg ¥ age
devi ce 220 anstomapekievice220 binthe bus 215, Th addifie]a bbGRI Wedr knpu &oﬁt@&%\ﬁ@% Ay the
network controller 255 represents one or nore nmachi ne-readabl e nedi a.

Thus, a machi &’rk@&‘l?&ﬁs @Oﬁtea?!iﬁrﬂspﬁemwg therRps 243 B mmeswﬁl%teeww Br
b
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conputer). For anp media rnclude ré only
(ROV); r andonarelumse Rmhtrmpm(, meigrocessay kit doglddiesiaplementad on nmbranorepmps: aI

storage nedi deV| ces:, electri [ st cal

other form O?T g?gaf“@a" (P11 9% MORe pses @mc@fﬁﬁﬁgé ﬁaé‘ﬁfﬁﬁg Wal s,
digital si gné‘lbri?dgeﬁtWhﬂe thﬁtembommelnelsrdb@nﬁéa B rélasknas b sl Hsz%cegs%?&i er260
represents a device for receiving TV broadcast signals, the fax/ nodem 245

represents a FARTaREBentiaromidisimplerentyd iz mplmspcessor gemBpHtensysieMmanal og
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PCT/ US00/ 237 2detwdrk connections (e.g., an ethernet connection). The storage device 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—readabie 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.

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
transmitting analog signals representing data. The image capture card 235 represents one or
more devices for digitizing images (i.¢., a scanner, camera, etc.). The audio 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 controller card



230 is also coupled to the bus 215. The graphics controller .230 represents
one or nore devices for generating inmages (e.g., graphics card). Figure 2
also ill that the storage device 220 has stored ' ata 224
and progégﬁg%ége 222. Data 224 represents data stored Fﬁﬂgﬁgthgnnre
formats (e.g., a packed data format). Program code 222 represents the
necessary code for performng any and/or all of the techni ques of the

i nvention. In particular, the program code 222 contains instruction(s)
that cause the processor 210 to performefficient selective witing of data
el ements from packed data based upon a masP (e.g., enulation of a SIMD byte
mask wite 230hnsalsacoupled Yo the ibngy2 15 ckhegmaphiss contrblien?23() iepiesaitst cnepr owessi ng. Of

course, the,stor A : ref er.abl yacont ai ns additional software
(not shovm)d,eVWﬁsf%gg?ng%ﬁégﬁﬂﬁ%ggeéé’r%}éﬁcsctj'ynd&er'standi ng the invention. Figure
2 additionally iHigus? aBb Qlustritad thhtthe foagedaide 20has stofed ditein dsteR4igid 216, a
set of registers 214, an execution unit 212, an internal bus 211, and

predi cat i orPTegTAREPEs 322 Dpta 224 reprgsenisdata sipredin ng 9 Blore fopmats (R 8y dacked

addi ti onal g j j ' i. e
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circuitry 218 to support instruction(s) to cause the processdor 210 to
per f or m selundeistanding thejimygntion.dat a el enments from packed data based upon a
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understanding the invention. The decoder 216, registers 214, execution unit 212, and

predication circuitry 213 are coupled together by the internal 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.).

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 a mask. 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




WO 01/ 22216 PCT/USQQ 23721 6 instructions simlar to or the sanme as those
found in existing general -purpose processors. For exanple, in one

enbodi nment cessor 210 supports an instruction set ' |
conpatiMe?ﬁ%ﬁ##% e Intel Architecture instruction set uSed Dy eé?sting
processors, such as the Pentiun(r) 1l processor manufactured by Intel
Corporation of Santa Clara, CA. The execution unit 212 contains nultiple
paral | el processing units 219A-219N, which can process multiple
instructions in parallel (e.g., parallel processing units). In one

enbodi nent of the invention, the execution uhit 212 also contains a.

conbi ni ng bufikstucting sinfilar tosir thiel same dsthasefotnd in@xisiaggenerat-pirpose Prdcdssos.

per f or med. ngs co ini&% b%f.er 270 aIIovv%!fl t he maxiyum utilization of the
bus 215 by alCORFATERS HLOT sRbadiment fhg progessey 218 suRpeHE. AR ISHYSHOR setyyahds ¢ he
buf f er _acc umebmp@iblehaiti e dabcA RHRICRRS inbANRYE Lot nbed bYeclstiREpIOALSIS siifhs! hat

a conbining buffer 270 or a bus 215, either wth a wdth different than
64-bits, is WaPAnHum@dI psecsprer manufaturpd by Itel Gomosation ofi SaninGlarh €A t hese

woul d engender co SYeleTalsINaToPCY CES,.l tajn_det ai

pr lcJ)cessi %g units. lﬂfﬁe regl s%g?gigﬁﬁﬁ&e%@gggﬁta&g&ﬁ%ﬁ g’<‘-§‘é g ,gl%dé@g'cessor
210 for st or iwhichioah provessimuitiple instedctionsig pasaliél(el/, piralldl procexsing Waitd) O orent eger
data, floatin i nt q(}aﬂ}[x a, packed data éi nteger. and/or floati nglg%oi nt),
and pr edi cat 83'35‘35’:5“5 SSPRRHeR. dhesacute P%Q%eéﬁ%mmsraéomb T3tk the
described i ngérstisink AataSheif L64-B1PRFifR R b@%eﬂ&ﬁ%ﬁﬂTﬂﬁE&n?ﬁ?ﬁ%fér%atht hose

instruction(s) are used. According to these aspects o e 1 nvention, the
storage ar ea thesakimam wiiigation gf thi bus Bi5dyi allawingdbe busi2d 5 tobe wsed farother The term

dat a processi ' erei n.to refer an chine for

processi ng d ??%O%{ Wﬁ)ﬁ%@gﬂéﬁ %’1&“ ope tsgoﬁ%dl( 2')(0“%?6 gﬁvﬂ‘ﬁb"’ W‘{eﬁ“‘?@f%‘e nce
to Figure 2acbmbinirg beffer2iiore abuollst Either With atwidh diffdit Haf Gi-Gbat, iORithintdli t ry
213 is generali zeg %}gdi cation circuitry that can be used for any

i nst ructi ons S¢APe PRIMCPHRSE (VERtAT. andthat these wowld epgendencenpspending differeness in

Predi cati on e%mgwﬂ{etp;&gﬁkng%ﬁgut ion of all instructions. This
techni que therefore allows for the renoval of branches thensel ves, and

t her eby renpves t hae registers 214 represent a storage area on processor 210 for stoting 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)

pe-le

Y

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



m spredi ction penalty. See Denysti, fying the EPIC and | A-64 by Peter Song
in M croprocessor Report, January 26, 1998 issue and ARM Architecture
Ofers ' % WO 01122216 PCTIUS00123721 7 Density Ly n%& fase in

M croprocessor eport, Decenmber 18, 1991 issue. Wile one e alnent S
descri bed where a generalized predication nodel is used, alternative
enbodi nents coul d support predication on only certain instructions
(e.g.,conditional nove- type instructions). In addition, while one

enbodi ment i s described wherein the nasks used for enabling which data

el ements are witten are of the sane size &s the data elenents, in

al ter nat i veDensipolol Bebart Gast ireMicreprocessar|Rpare, Iddcemibérf 18 $991 issue.cWhile ol udi ng

each mask bein 0 sin ure i S I ow d| agram
accor di ng t5“b8ﬁ’é“°é‘ nglﬂ HS?ffWB?fe g‘?’ﬁ%ﬁii’%"gﬁat"g\’tm ei?ﬁ%‘se‘g °
initializatdnfdditmdntitohd sdfcR! prediadioh alonlytethin insacddhs (@9tceﬁamaﬁa1 aloveage

| ocation for the -current sel ected data_el enent of the packed data

oper and t o t¥ee ipgrustion eIM"!ON‘EWe quegmbogimeatis dessribed wheseip dhesmasks yeed t o
bl ock 310. ﬁe&%ﬁéﬁd&tg %y%%%%%ﬁ%&f%&%&w{&ﬂ&& eI ect ed

data el enen term ne one resent | nvén

t he val ue m‘ltetnhévq:nmhtﬂhmms the maskstoeu]d\bneﬂdli'&mmgsmest(ﬁmludmgtea(:h mbsktb'e)ng

i nstruction. Accaqr in .this enbodinent, the tbit instruction is used to
test a bit PP 08 sk data el ement corresponding to the currently

sel ected data elmgRes 1§ﬁﬂ6¢1ma§@ﬁkﬁéord 3o BREEABYdiThént BEthS PhvRAtion, CAdbINEK t t en.
This predicate value could be stored in_a variety of storage nediuns

(e.g., a de®eadritializatien valyeds detepinedthat identifiasthe poisntial stosage defationfor thet ¢) . .
At bl ock 3 g%c& he
predi cate etlférs’r:n ne%ai n g%g%g?%& cco&?%;%%qu%c ggy\‘ﬁ*t{é?hgi \?Eatl ue of
t he predi cdﬂmh%SIﬂmpro&ﬁﬂowstlogkbﬁbss fl ow proceeds to bl ock 330. '
Q herwi se, proc eds to bl 50. A 0,, the currently
sel ected data el‘itﬁ?é%k‘%\cl\gﬁ)ﬁie 8??85?‘1{?3{% % Ef’% §el %q‘i”gaélf%ﬂt $ respect -

t Om'::)! gure ?detd‘dﬁﬁleﬂ.uleﬁﬁtehjbod@ieﬁﬁéﬁﬁe pretent Mivertivn] thewylud 6f the predica i$ he

conbi ni ng

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
register, 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.

At block 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



buffer). After block 330, the process flows to block 350. At bl ock 350 of
Figure 3, another decision is nade regardi ng whether the currently

sel ected d@fggiphmgent is the last data el enent of the paggaysgdaisazoper and
to be processed. If the currently selected data elenent is the last data
el ement to be processed, then the process WO 01/22216 PCT/US00/ 23721 8

fl ow proceeds to exit the nethod. O herw se, the process flow proceeds from
bl ock 350 to block 360. At block 360 of Figure 3, the value associ ated
with the storage location is increnented. For one enbodi nent of the
present invention, this value is located in §eneral - purpose register.
However, the faw proceeds toexitthedmethedy Qthawiseothe grocess flawi pyoceeds fiain bleck 36abed i n
a variety of e medi uns. Next, at block 370 of Figure 3, the packed
data operand 1S Shifted by the width of one data el ement (e.g., assum ng

the nost signifi canblatk60 of Fipme B, tht valid@sRagiPwitklfbatoppsieagoi s t he
currently selected d ;:a item the packed data operand is left shifted such
that the nextin‘F‘B%%Wﬁ %°%|°g]}¥eﬁ@%'éz¥éhﬁa@“¢$ﬁ@nvﬁ9§9n,§mg Malne isdepated an gensrabnent
and thus th . .
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proceeds fro 0 back to block 310 and the process”Is rep
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thit instrucgoa %illtovxo, etc.) In addition, while Figure 3 could be

i nterpreted tsBiffef spedythatthe nexlgiverfiataalemms becomen the most signifientdata dlormentinad t he

oper ations. Camudife dffiny bidi/oRfaRtimel Hfebrodes flow tEL BRcbs BGACHH b, | 00P

unrol I'i ng, hardware out-of-order executliorn etc.), vartfous operati ons can

be done in pdiedki3dP andihe process &y ieprated wntikthe bistatatit dlamsnt ispyodessed.nt er sper seded

1 e T o S YR R i Fesketbe T LRl WiindSe SRAGTRIAbS oy 25
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:



R3 =

64 bit data Register
el ements (x0,
dat a el emomg2fisom t he packed data operand

x1,

R4

Mask Regi ster with correspondj ng mask

, X7) Code Sequence to selectively wite byte size

stored i n RBCT/VEdOR3A222216

PCT/US00/ 23721 9 Instruction Goup 1) p|,p2 =tbit r4,x02) <p 1>
storel r2 =r3 r2=r2+ 1 shifty r3 =r3<<8 pl,p2 = tbit r4,xI 3) <pl>
storel r2 =r3r2 =r2 + 1 shiftr r3 =r3<<8 pl,p2 = tbit r4,x2 4) <pl>
storel r2 =r3r2 =r2+ 1 shiftr r3 =r3<<8 pl,p2 =tbit r4,x3 5) <pl>
storel r2 =r3r2 =r2 + 1 shifty r3 =r3<<8 pl,p2 =thit r4,x4 6) <p |>
storel r2 =32 =y 2—t+tshiityrH3—+3 29 p—p2—t-bit r/l x5—7)_<p 1>
storel r2 = F?W‘?"QP 2 + 1 shiftr #3 =1r3<48 pl,p2 = thit r4, x6 8) <pl>
storel r2 =ir3Gfodpr i+ 1 shiftr r3 # r3<<8 gl,p2 = thit 14,x7 9) <pl3
storel r2 =lr3 Register R2 containg the vallue associated with the st(rag_e
| ocation. Regi stkr Ql%ﬁtluﬁfﬂgot he 64-bi t§ of packed dpta, divided uE,dl n
. this exanpl ¢ THHO = 3 W Hs—-he—pagke
mask operand,_ E*h el [H%s%‘i‘éﬁ el m Fﬁsﬂ% SOFF 5??0 13?3%-11?}%414@ ¢i ght
data el ements 0B8) R3.| {pI>tshpel 127=5i3 QiDup2 PN [IAFrFYSHI QS pI p@_qﬂgﬁ,@equence
det er m nes the—prediHsate—value—using the tlhit instruct ln t
enbodi nent, |t he® bi t| TRIStstoreh2 Fk3s r%#éhrﬂl mr:bFll'3§#81hbp2ﬁahkﬁd( sk
el ement x0. [TTGfie QL e — .y e e,
el se the piedicate lpl 1\/5\n§ﬂ*elblle2 sfgt #f &a‘Fse sﬁﬁﬁ T'tr%ﬁga ngie ’ffl‘r’#e t
coul d set pfledi 6nt e [pdplectont] 126=r3t | 1= 5+ t Hahiftri3 xadue A@ﬁ,y@:@lﬁlﬂm,xs
conversel y, (set-pt—eatat—o—Fat-se—4+thebitvalus wvas | t shauldbe
under st ood {hat 7t he [t TRI> Stk R bR B & tsBiftr iimy345% | p1.p2 #abit r4,x6
correspondi hg PEFKed <pl>storel r2=13 |r2=r2+1 | shiftr 13 = r3<<8 | p1,p2 = tbit r4,x7

9) <pl>storel 12 =13

Register R2 contains the value associated with the storage location. Register R3

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 tbit tests the most significant bit of the

packed mask element x0. If the bit is 1, then the predicate p1 will be set to true, else the

predicate p1 will be set to false. An alternative embodiment could set predicate p1 equal to

true is the bit value was 0 and, conversely, set p1 equal 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 p1 is reset in the same manner as the first group of



mask element. In the second group of instructions, the previously stored
predication value is used to conditionally store, in this exanple, one
byte to t e |ocation associated with the value ig. Tﬁﬁm o during
t he secongagﬁ%%%ﬁgf instructions, R2 is increnented, R3 is Vﬁ‘ﬁ ei ght
bits to the right, and the predlcate pl is reset in the same manner as the
first group of WD 01/22216 PCTIUSOQ 23721 10 instructions except the
packed nask element x | is used instead x0. Multiple parallel processing
units allows for the parallel processing of all 4 instructions in the
second group of instructions in the sane cliock cycle(s). The third through
the seventh dustrugtions exorpt theipackedimaskederhénnubisiused insteainge Multiple pa@lelt he

second group of |nst ons XC t hat eac roup of instructjons uses
a di ffe?ent p&ﬂfﬁ?ﬂ' a‘%‘?"@f% epa,rﬁliel RTTES108 g@g4Hf3B’P?P§E‘F {rthe gvend graup of
predi cation tsuaetss id msa&hyclsa&&aeésberﬂeﬁtﬁﬁd {M@hm— Jeb&xt&%{a{xg LR AbsON

associated with the value in . In this exanpl'e, the se akes 9
cl ock cycl es CopERe isthe sa%manmmthmecmad zxew @fynmgnmmmpt yhamch gt of

i mpl enent at i rrents of the
packed data 3‘%3?%%? Accor I n P?/&Q?ﬁl%l nven |on (g@t&?'gﬁ'ﬂ BSHE use of
spegl alized mchumowammy\tmreahelas?hytd toyhe dR&hibﬁlbcagbhessﬁﬁ&te@ﬁntg the
predication al]o av ce of condjtiona ranches, an
therefore per?ib‘F %Of“ﬂ m@e'?@%ﬂ‘éﬁ’f&% takes Slockicyeles, Howsyer, fhs amoyntof
parall el  prQRRESYdMS cii vir§ with (R n{pRimdntalbr ¥Ehle BFRESSSA g,
one enbodi nent ofythe |£nr\$ent|on has tnhe reunP’faog nunbg/r&g?q‘gglp%gﬁﬁ

processi ng uﬁmﬂlsﬁfgled’éé@édﬁthépﬂmﬂuuctlons of each group above in
parallel). This pa g he..i.ny hav
conpar abl e perfor rr:ata?ldc!él46 18?&{& glgg%@él%gé ‘g’t‘é‘ﬁ%@}b@*&*’ ?‘%‘."ts?‘;“‘% M%&%ﬁq}ﬁ(

the Byte Mas WVnw:ucmtry I\B:thm/nhe usetdf@radmtxmmmlf&thmv'lim&h& df cofdiflorahus the
circuitry i n R su rt are useq for ur poses, as
conpared to eléﬁ’ez&ﬁgl?elm? 8?’5‘5{? sd{}‘? ‘?‘hs'lfqﬁ%d%‘{‘ﬂ? #, parallel
circuitry wh pﬁhem@ vRitsAlAw ORI précelsdr ex}odgﬁﬁn (€g.%ene itRBIMenBoOf the

processi ng).

r

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 mannally
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

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



The invention may be inplenented at various levels in the processing
system For exanple, based on the processor architecture, the above code
sequenc%v‘gﬁ,%zglsbe manual |y coded and provided to the RpcgaRiGRF21 dJenerat ed
by a conpiler conpiling a single instruction, generated by a decoder in

t he processor responsive to receiving a single instruction, etc. Figure 4
Is a diagramillustrating a selected portion of a conputer systemin
accordance with one enbodi nent of the invention. The sel ect portion of the
conputer system conprises the processor 410, the storage device 420, and
t he bus 415. The processor WO 01/22216 PCI1US00/23721 11 410 in Figure 4
cont ai ns o4l it Figusd 4 contains additionaltvirchitry swhich ismet secessany to anderstendingtheli ng t he
i nvention.. The. processor 410 is designed to execute two different
instructidW”?g?E'(e.g., a 64-bit instruction set and a 32 bit instruction

set). The ter mTR@edessoE 410k devigred to/&xRHuts 6we titfetedt Inefridtion séts Bdlg.] H64-biiCt i on
externally received by the processor. In one particul ar enbodi nent, the

decoder 41®strusctign gt andsa 32rbit insirpgiion $e) The tepn sacroinsiryction is usegherejpto refer

I nstructi MoV Mop | ] %ﬁ@ Vi QOI Nt s.
In this cgée@%ﬁﬁg%s?ructlyg%@g% teﬁ)g@éfe?s?g{]ﬂ{%&m}i&{é@fon se Erihtgé’ when
ext er nal | ydecederidi@ i used foh deqoding dmstructiohs fromea Brstefithoinstruation set9 A0 intan
addition, th .CI 0CO converter 417 is ed for, _converti i pst.ructi ons
From tho stampRbEdfiaRilor RRyadk ot potats I th cnses e fstmcligns it 88 st

I nstructi omstruckiBh Set U\, whah lekidfilallP FizeivEdBy the ProckisbSd 10, Mg inidefdinsbiictidis. Tnl0,
whi ch are then processed by the decoder 416. In other words, at | east

certain of f‘dtdﬁ@nnﬂ?é PH?rﬁquPl‘}el“feﬁﬁr_s‘”f7ri6H§°@lf@ COBRSHRAE inﬁ'ﬁ‘iﬁe&% ff@)"ﬁ thesecomdy ar e
converted jhRtioR sdti4be gfi%,el\&l%b R CARR P REFudondfinto 16 in 'Bﬁ'ssfr&& Hp the

first instruc_tion set n this case, t‘ e Instructions fromthe first
i nst ruct i ofirstipstruction seti4dd, whicheare then pracessedby the decodeindl 6. gn otheswords,At0, are

1 or ocodtb e of e R RRORTE Hom e SecSREBESB0 strdol SRR Bllo ) 0
Wit e macrafinslevelahicmbodeayadeapf instrodibng froinftke fitscinemation 8@ 0. Incthis4 17 wher e

it i t to t.h | ate inst | f t first inst ti
LS ocomer et Lo, Lhe ADRLORLLALS LOS! LYeld QRS LEQMANIG S o kSt VOt 0

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.



m croinstructions).for selectively witing data el ements from packed data
based upon a mask wusing predication. In addition, the sane instructions
fromthe first instruction set 410 for selectively wri thg_g g@?ﬁ”il enent s
coul d be r¥W@&MRRY as nacroinstructions directly by the & 6. This
i nvention has been described with reference to specific exenplary

enbodi nents thereof. It will, however, be evident to persons having the
benefit of this disclosure that various nodifications and changes may be
made to these enbodi nents w thout departing fromthe broader spirit and
scope of the invention. The specification anjg drawi ngs are, accordingly,
to be regardeg apysan illustrative rather than a restrictive sense. WO

01/ 22216 PCT/ JS00/ 23721 12. CLAIMS What is claimed is: |. A

conput er - i npl emen¥ut iswlairoefl isor sel ectively witing each data el ement from

a packed dat,a operand jnto.a cqoryespondi ng starage locatjon,co I SiNng:

for each datael e%ecr‘?'. Pyier-Taplementc %‘Q&’é%ﬁfi‘@xa‘%m% f?gel%eg’PFSﬁnlaow ng
in parallel pagedasaiopdardinics cofteéponding sofgelodstmicompasigl ue for said data
el ement fromone or nore bits of a corresgondl ng packed data nmsk el enent

i ndi cati ng whet heforgaghflatagicmgnt pf said performing thefollgwing in
correspondi ng storage ﬁﬁi'g X ag%tsstori ng in said correspondi ng storage
ata el enent &

5 ssin, . )
| ocation the sel ected nmen ased on said predicate value. 2. The

met hod of claim 1, whedet¢rmitiigea predicatewalge fos said data plementrfrand onenorpaore bitsdf a
processing units: shifting said cked,data operand by one d el egent. 3.
The method of claim 1, \Ahercé’f'rﬁ3p§g$¥ B?cgfffé"é’f @gg‘aq?%enit é‘dlfé?‘é% %}éﬁsﬂ usi ng
a test bit 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.

2, The method of claim 1, wherein the following is also performed in parailel
Pprocessing units:

shifting said packed data operand by one data element.

3. The method of claim 1, wherein said predicate value is determined by using a test bit
instruction.
4. The method of claim 1, wherein the acts are performed in response to a single

macroinstruction which has been decoded into at least one or more microinstructions.

5. The method of claim 4, wherein said macroinstraction is part of a first instruction set
separate and different from a second instruction set including said microinstructions,
wherein instructions from said second instruction set can be received directly by said

Processor.
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I nstruction. 4. The nethod of claim1, wherein the acts are.perfornmed in
response to a single macroinstruction which has been decoded into at | east
one or Rpoeke ol nstructions. 5. The nmethod of clai m £cTwsew2sr721 sai d
macroi nstruction is part of a first instruction set separate and different
froma second instruction set including said mcroinstructions, wherein

I nstructions fromsaid second instruction set can be received directly by
said processor. WO 01/22216 PCT/US00/23721 13 6. The nmethod of claiml
prelimnarily conprising: receiving a single macroinstruction; decoding
said single macroinsruction into a sequen& of m croinstructions, wherein
said mcroinstructions cause said paraIIeI processing units to perate on

each dat ag el enfitmettfod dk cERER rhih SRy RORpLiGHg:Met hod conprising:. sel ecting
one data el enent of a packed ata op erand as a currently selected dat a

el enent Mereurnceeanmasiaglamcmmctm sai d packed data operand has a

correspondi ng sk Pl ShATFRLAACAR! bfity WARLRETr b Re BB Sleky

witing; storing Fcatrng a currently se fation
for said currently s&ﬁhﬁﬁﬁoﬁﬂtrdﬂioﬂsﬁu@éﬁﬂi}dparﬁlm-@twes‘singgltﬁtswpﬁﬂateaﬁmal ue
for the currently selected data elenent fromone or nore bits of said
correspondi ng mask data ent.5e| ect i vel y witing the currently sel ected data
el enent from said packed data operand by performng the followng in
paral |l el processing units, witing said currently selected data elenent to
said currehtly Aebmputgeﬁnwﬂm@wm&?wmsbs’sed on said predicate value,

| nerementing SalfloNdl e dafiUichiihnt B SRk Gl Siebinialhs B ShuRdhiy dereleod 845

| ocati on,
element, wherein each data element of said packed data operand has a

corresponding mask data element indicating whether it is selected for writing;
storing a value indicating a currently selected storage location for said currently
selected data element;
determining a predicate value for the currently selected data element from one or
more bits of said corresponding mask element,
selectively writing the currently selected data element from said packed data
operand by performing the following in parallel processing units,
writing said currently selected data element to said currently selected storage -
location based on said predicate value,
incrementing said value indicating said currently selected storage location,
selecting another data element of said packed data operand as said currently
selected data element 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.

L



sel ecting another data el enent of said packed data operand as said
currently selected data elenent and determ ning a predicate value for that
data elenent fromone or nore bits of said correspondi ng, nask el ement ;
repeating YUY ot vely witing until the last of the FAH B ent s of
sai d packed data operand is the currently selected data el ement; and
witing said currently selected data elenent to said currently sel ected
storage |l ocation based on said predicate value. F1illll TEEEEE bbb 1l
1 1111 CL WO 01/22216 PCT/US00/ 23721 14 8. The nmethod of claim?7,
wherein said selecting one data el enent inchgdes selecting the left nost
significant data el enent of the packed data operand. 9. The nethod of claim

7, wherein said sglecting another data el ement includes shifting said
packed data &per ahie Bethadaf daimy/, whessinfeid selgctingone data iglsenent inglndgsiselectingher ei n
sai d predica hiehifdaRl 13 L met hod of claim7,
wher ei n sai dtﬂgerlg%iﬁc‘@tééﬁ\llal ue&%sél%é%éépn@%géfﬁgid%%%%gg‘ test bit
instruction. 912. Themetbodofklaifn % whereinsaidsblectiignnbther duet deradn® inehideoshifeielg i n
response to a singl instryction,instructi on which has been decoded
into one or nore %@P%ﬁ*ﬂmﬁg’ym Qa2 pmentet hod of claim 12, wherein
said macroinstruction is part of a first instruction set separate and
different frQma second instruction set including said mcroinstructions,
wher ei n i nst Afct i Shesmethodolclaim % whersin seidpredicats valuedestored in bregistecei ved
directly by said processor. 14. The nethod of claim 13, wherein
instructions fromsaid second instruction set are decoded into control

si gnal s and/ . ni Thowettiod efitiaim Fpwhetin saillpredicatconiisticdetaptiicd by QSR b itst Big:

instruction.

12.  The method of claim 7, wherein the acts are performed in response to a single

macroinstruction instruction which has been decoded into one or more microinstructions.

13.  The method of claim 12, wherein said macroinstruction is part of a first instruction
set separate and different from a second instruction set including said microinstructions,
wherein instructions from said second instruction set can be received directly by said

ProOCESsor.

14.  The method of claim 13, wherein instructions from said second instruction set are

decoded into control signals and/or microcode entry points.

15. A computer system comprising:
a processor having predication circuitry and parallel processing units; and
a storage device coupled to said processor and having stored thereon a set of one or

more instructions, which when executed by the processor, causes the

-_—
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a processor having predication circuitry and parallel processing units; and
a storage device coupled to said processor and having stored thereon a set
of one owoomemses i nstructions, which when executed by tIRETIISOWZFIOr, causes
the itliitlliil WD 01/22216 PCTIUS00123721 15 processor to selectively
wite each data element froma packed data operand into a correspondi ng
storage location by: for each data el enent of said packed data operand
performng the following in said parallel processing units, causing said
prediction circuitry to determine a predigate value for said data el enent
fromone or nore bits of a packed data mask el ement. indigating whether the
packed data el enent ?rgccs‘céoéf(g%#eé: v l%?"%rﬁcﬁﬁ;a %"fﬁﬁf&’rBBPPé?Bgﬁ%ioﬁﬁrm t or age
| ocation; and stori ngtd dcor@spondingSpapedodatiosbyRr age | ocation the selected
data el enent based on said predicate value. 16. The _ conputer_ system of

6
claim 15, wherein said set of ferfachdataglementofsaidpacked data operppdipsifogmingng| e
macroi nstruction instruction that kﬁﬂﬁ%g%@démgp 9€s§ﬁx§r11nit§;1t o at
| east one or nobre mcroinstructions that causes sal gfrboces or to
selectively wite each data el enecgusingsaid prelictiomgirtuitry so/ddteminga cl ai m 15,

wherei n said processor includes a conbini buffer t.q receive one or nore
data el enents sel ected according to sai Breaggtaivglgfggs Bééﬁaee?e%e@f gt t en

to said corresponding storage |ocati onsor th8re bith of £ patRed &ita Sk EBMERLOCESSOr
of claim 15, said predication circuitry to determne a .
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.

16.  The computer system of claim 15, 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.

17.  The computer system of claim 15, 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.

18.  The computer system processor of claim 15, said predication circuitry to determine a

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

I
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predi cate value for and of the instructions in the instruction set
supported by the processor. “} iiiiii\\VIIT \WIVIV\W\Gi\ 1 1~1~" h S W
01/ 22216 PCT, 23721 16 19. The conputer system of ' erein
sai d procgg%@¢5% cludes a first decoder to decode nacrg%%; Pﬁ%??gns froma
first instruction set, and a second decoder to decode macroinstructions
froma second instruction set into mcroinstructions nade up of
instructions fromsaid first instruction set. 20. The conputer system of
claim19, wherein said set of one or nore instructions is nade up of

mul tiple instructions fromsaid first instruygtion set. 21. A

machi ne- r eadgd| eThHEeinkitd? 3ystéts oS HARETS WHREIR Odid ProResBr iElGes 2Tt decdeaBs
whi ch when executed by a _processor, causes sald processor to performthe

acts of for Wecede Magreindtrustenstirom a Bt instsuction setcpad 2 seprmd daepdpeiodssadeng t he
following in ' ng@ﬁ : Wal t.cat e val ue for
sai d data el gﬁ%ﬁ%%%hﬂ%@%?%@é |%§n8%%8%@?%%ﬁ§{ﬁg&g%coged dat a
mask el enent instmattions firomy sailh Srshinstreciiod setat a el enent is selected for witing
to said correspondi ng storage |location; and storing in said corresponding
storage location the selected data el enent based on said predicate val ue.

22. A nmachi ngg.r ead®btémpmel systelof slhint 19, heretd WaidBiefoflda8 of RlotedtAtidis igl SO
performed in arallel processing units: shifting said packed data operand
by one data mgwmf.mtﬂsplemsmwnﬁ@oméaémtmmomﬁef claim21, wherein
said predicate value is determned by using a test bit instruction.
Lart/ize /v fl, 0,01,

21. A machine-readable medium having stored thereon one or more instructions, which

when executed by a processor, causes said processor to perform the acts of:
for each data element of said packed data operand performing the following in

parallel processing units,

determining a predicate value for said data element from one or more bits of a
corresponding packed data mask element indicating whether said data
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,

22. A machine-readable medium of claim 21, wherein the following is also performed in
parallel processing units:

shifting said packed data operand by one data element.

23. A machine-readable medium of claim 21, wherein said predicate value is determined
by using a test bit instruction.
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C R 4 W 01/22216 PCT/US00/ 23721 17 24. A nachi ne-readabl e nmediumof claim
21, wherein said acts are perfornmed in response to a single

nacr oi nstwaeri2ets whi ch has been decoded i nto one or nDr @cT/US00/23721

m croi nstructions. 25. A machi ne-readabl e nedi um of claim 21, wherein said
macroi nstruction is part of a first instruction set separate and different
froma second instruction set including said mcroinstructions, wherein

i nstructions fromsaid second instruction set can be received directly by
sai d processor. 26. A machine-readabl e nmedi ym of claim 21, wherein

i nstructiong,fromsai,d sec instrucgtio t are_ decoded into control
signal s and?é‘r ﬁ?ﬁ%&?@ﬁ?ﬂgﬂ%?ﬁ&mmﬁw rein) sajd acts gre perfqrmedin | | || ||
response to a single macroinstruction which has been decoded into one or more

microinstructions.

25. A machine-readable medium of claim 21, wherein said macroinstruction is part of a
first instruction set separate and different from a second instruction set including said

microinstructions, wherein instructions from said second instruction set can be received

directly by said processor.

26. A machine-readable medium of claim 21, wherein instructions from said second

instruction set are decoded into control signals and/or microcode entry points.
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