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produce one result. For example, the execution of an add instruction will add together
a first 32-bit value and a second 32-bit value and store the resuit as a third 32-bit
value. Some applications, however, require the manipulation of large amounts of data
represented by fewer than 32 bits. Multi-media graphics, for instance, are typically
generated by treating an image as a collection of small. independently controlled dots,
or pixels. Position coordinates and color values corresponding to pixels are typically
represented by fewer than 32 bits. The processing of the large amounts of data
through a pipeline required by graphics applications can greatly increase processing
time and slow graphics rendering correspondingly.

Multimedia graphics applications include, but are not limited to, applications
targeted at computer supported cooperation (CSC), two-dimensional (2D) graphics,
three-dimensional (3D) graphics, image processing, video
compression/decompression. recognition algorithms and audio manipulation. As such,
the data of multimedia applications typically comprises still images or video frames
and sound data. The pixels of the still image or video data are typically represented

using 8- or 16-bit data elements. and the sound data is typically represented using 8- or
1
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WO 99h62a~ 2 6 SEP 2002 PC T/ US99/09472 16-bit data el ements. VWen 9 g SEP 2002
processing nmultinedia data conprising still images or video,Qﬁﬁﬁggmmg%e
same operaPKUﬁh§§°often performed repeatedly over all of the pixels of the
i mage or of the frame. As each of these nmultinmedia applications typically
use one or nore algorithnms, and each algorithmtypically uses a nunber of
oper ati onsg6-pTtddid SefHents ©XWIRASIOOSsiHE BtultiMe B4R QMR SRR | i ons on
8-bit) 16-bit) or even 32-bit data while processﬁ%&nﬁmﬁ’fougeégfstight dat a
sanpl es atvideol frdifess (e 8slac bperaddp lstofenqiesforfiad repshiebiytovdpiidoPedile®d bsm  To

i nprove efficiency of nultinmedia applications, as well as other

appl i cat i ahsintgeiongf therfiane. Adheachoif elidss mubiimegitiapplicationPtypiais AsSoms e
packed data formats. A packed data format is one in which a certain nunber
of fixed wrnede digbatheiscamhtah abgmeithroftymbalusee pmesbet of epesajpasat e val ue,
are stored together. For exanple, a 64-bit register may be broken into two
32-bit el endtitnsdiagatehsiohs wieddh exesprectbe same apgrapensaire8-BR; i-bitvaleven | n
addition, these prior art processors provide instructions for separately
mani pul at i3Agbibdashwaile peasessing Moe Surperckeld dgt empjgses aitimespeadd wd . For
exanpl e, a packed add instruction adds together corresponding data el enents
from a fi rempyRERBYPALPRIBIHRE PYaleM packed data. Thus, if a nultinedia
algorithmrequires a | oqp containing five operations that nust be, perforned
on’a 1 arge. nunior SOV C ERSH DL Thedia SpRYBH GRSV e by SR ARRCEIARS. and
performthese operations i.n.parallel using packed data dnstructions, In

Phi s ranndirmg el s Rt e prdohir e BEERER A3 B8N RS

oy gy AR folETIELA i wibh Rl in AHELMER I\l I, LERAL LA BF 91 2PN O
rendering 1 n nul'timed a applications) parallel processing i's used, wherein
a single i j i . AT ocess i s
ypi cal |y oy L e, o By S A O g e

processi NGnaylydireRdd o twdt BUBH eleRRhisUeddhUTWIRBIETPt RN alsBliryie dbalt | nt eger
data elenent's (A + B). The SIMD instructions, however, operate on integer

dat a arr ay&aldeAln hdditiofl]these Bliot art prdtkisorspftetide indtauctibes faubdparaiely el enents in
t he array. 2 6 SFP 7002 WD 99/56245 PC Tl US99/09472 r~ ~_ . Typica

prior art rpargpestiigngcks yistrensin theserpaokkel dagtypEs inpgalts]. Bsedkaaily, ai nt eger
data in the geonetry and rasterization phases because the smaller range of
coor di nat epavkddirdd inkitoichert addsgegthdrabaesfoadmgattstloment ffomoafirstgagednt
arithmetic. Therefore, the graphics data was rendered using SIMD processing
of int egerda@aitr\d)aﬂ?@%mimgk@d‘lgﬁta-nﬁh%Ff\ﬂemsﬂlmﬁdl\m%lgwféiﬂtmqwesr%mpred bet ween
the integer format and the floating poi_nt format. Hovvever} in rendering 3D
i mages, t FONHIRIRE Heh PRATAUATS Shad THiSE PO PeREQITTe on largsanmher 91 dafa glements,
typically perfarned using f]oatin oint arithmetic be se of the |arge
range of ﬁi’é%‘m{gf&ﬁo naek gﬁ?é?lﬂfar@dé%&#a%}gﬁsg OQE%Q“%H‘CP@@gﬂé'EgBFCI‘t’:ﬁe

preci si on uired within this range to accuratel ace, the rendered
imges.  BeliiBanRioh, dRoiscoipeh HREE attsdRE i Bor POREHLARGSN pul at ed

al ong mﬁtqn&QgFéggﬁgﬁgﬁgggng position data it is convenient to perform
operations on e steriZation data conprising color conponent data using

floating poi Nt AlidIeH Grael BUMEO T GhE AbuHed REARESIENnldlfy 5007 di nat es

of the conposited I mages are provi e ras ation crrcuitry using
the fl oatifgiirebRtapbRédBhs, pathllePPlotasing it D§eds Mhefeif @BRERAASMIAAbA | S
provided to the rasterization circuitry using the integer formt.

Ther ef or e,opehfiesanl multiplradanens ofiddia this eeodess Isapsieili fetertedngas Sigtonvert ed
fromthe floating point format to the integer format in order to render an
i mge di sdhstyuctidhdiyitipleDeta (SIMID)eprpedssinga iy pizally,dssgesinstisictignSoperatd
processing of 3D graphic data is that, while parallel processing my be

per f or red emninfivalal megpodata eldateats (Bire Byohhe SEVibninstrudtives,fHowevemgpgreient dat a
to integer data for rasterization creates a bottleneck in the processing

pi pel i ne bwciateger daveamryisdAl brr] aBibrn Hwkerparis hernuashey ef elemestsdetheent i al | y.
A prior art nethod of dealing with this problemduplicates the floating

poi nt execdf®on resources of the processor. This duplication of resources
allows for two floating point pipelines executing at the sane tinme wherein
the floating point data of each branch2of the pipeline can be sequentially
converted to integer format at the same tinme. While the delay due to the
conversi on execution bottl eneck 2 6 SEP 2002 WD 9915524 PCTI U599/094 i 2
may be reduced with the use of the additional hardware, the additional

har dwar e
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" ncreases the cost and size of the systemwhile increasing the overa?IB SFP 7001
conpl exi tg of the system 4 2 6 SEP 2.002 WO 99/ 56245 pgyddaidodse THE

.| NVENTRP¥e8#4Us991 09. 172 A et hod and apparatus for parallel processing of.
graphi cs data are described. A nunmber of color conponents are stored in a ¢ ‘-
floating point format in at |east one register of a set of 128-bit

registers i Tygichafisear pRceRing To@nOldendbHINNPRM el skdbn il iARELNO. POI Nt

format are converted to nunbers in an integér format. T rs in the

i nt egedard By thBige@merphitRstetipatidh pheRs be@iie fHRGhRIIET raffe 6f &REdinhte64- bi t
registers in the packed format. Col or conponents are assenbled for inage

pi xel svdluesrdid het macedsaats thapredision bf Ggsting! poimairithrekthe rTHee b, @ and

advant ages of the present invention will be apparent fromthe acconpanyi ng
dr awi ngreplinsidita ovas réndentdtusing SdMilkpocessingaf istageralape neaning ltldtme t hat f ol | ow
below. 5 2 6 SEP 7002 WD 99/5624 BRI EF DESCRI PTI ON OF THE DRALINGS

PC TNSgawespmwaspypically required betwgdrethp ingegantforimmay end therfloating pbinét r at ed by way
of exanple and not limtation in the figures of the acconpanying draw ngs,

i n whil®FMRi. ke references indicate simlar el ements and in which: Fi gure 1
IS a conputer system of ¢ enbodi ment. Figure 2 is a processor of one

enbodi nent . Hewglgrelngenaer ‘%gce}@a‘lmaﬁﬁ% dhsiasemapipulstiopheertrBsdifoRe. Figure 4 is

a cac hgeo%re%-@i ;;[heé‘.(s:et zltjr[: ?yp%al@/ p%%ggggds gsringoﬁoaglr}l?; p%?rﬁ%it}{rrneergltc'bccause of the
large range of values that define the coordinate space and because of the precision
required within this range to accurately place the rendered images. Because the color
component data is often stored and manipulated along \yith the corresponding position
data it is convenient to perform operations on the rasterization data comprising color
component data using floating point arithmetic. Upon completion of processing, the
coordinates of the composited images are provided to the rasterization circuitry using
the floating point format. In contrast, the color component data is provided to the
rasterization circuitry using the integer format. Therefore, the color component data
used to render the image is converted from the floating point format to the integer
format in order to render an image display.

The problem in the prior art processors using SIMD processing of 3D graphic
data is that, while parallel processing may be performed on floating point data, the
conversion of the floating point data to integer data for rasterization creates a
bottleneck in the processing pipeline because the prior art algorithms perform
conversions sequentially. A prior art method of dealing with this problem duplicates
the floating point execution resources of the processor. This duplication of resources
allows for two floating point pipelines executing at the same time wherein the floating

point data of each branch of the pipeline can be sequentially converted to integer

format at the same time. While the delay due to the conversion execution bottleneck

3




-

Figure 5 is a binary floating-point format used by a 128-bit nultinedi 2§ SEP 2007
extensi on regosvesss of one enbodi nent. Figure 6 shows a packegc%Réﬁ&Hﬁ;jon
operating on a pair of operands. Figure 7 shows a scalar instruction —~
operating on a least significant pair of the two operands. Figure 8 shows a
packed shuffl e operation according to a SHUFPS instruction of one

enbodi nent . MRY §fFEiuged Witisheuseafitse atdifioriad harih 60K ERRAMI NG GQRLET Si 0N
instructions of one enbodinment. Figure 10 is a flowhart for coﬁ§%rting a
nunber frorﬁ“&feéif‘é{g‘a@rcqsza%%lzct@f the spstére dvifileaatieagnd Bietvef0r 58 1{1\9 oor‘?f'&ng to
a CVTSIZSS£ 0 truction of one enbodinent. Figure 11 is a f1 owchartof &t
converting A Wlhber from a packed floating point fornmat to a scal ar format
according to CVISS2SI and CVTTSS2SI instructions of one enbodi nent. Figure
12 is a flowhart for converting a nunber froma packed integer format to a
packed floating point format according to a CVTPLPS instruction of one
enbodi nent. 6 2 6 SEP 2.002 WD 99/562d5 PCT/ US991 09472 Figure 13 is a
flowmchart for converting a nunber froma packed floating point format to a
pactced integer format according to CVIPS2PI and CVTTPS?Pl instructions of
one enbodinent. Figure 14 is a flowhart for a second variant instruction
used for converting a nunber froma packed floating point format to a
packed i nt eger



“format accordi ng to a CVIT S2PWinstruction of one enbodi nent. Fi gurgﬁl%EPi 759[]2
a flowhart for . 4Lhird vari ant used for converting a nunber picrausemogpacked
floating po“ﬁyw?g%ﬁat to a packed integer format according to a CVIPS2PB
instruction of one enbodinent. Figure 7.6 is a flowhart for a lighting
conputation in 3D geonetry in which the instructions of one enbodi nent are
used. Fi guggMMARY OF THROQRNarENTI@Na parall el conversion of multiple color
values froma single precision floating point format to a specific integer
format of one embmeihodnhd appagutie for fhval ki @rdc8simy of aphicsfdatiardidagtided of a
paral |l el conversion of graphic color data using a CVIPS2PI instruction of
one enbodi AemtmbeFiofjuoles cdrBporents 418 btoagdeindafi@ating peird fagraaimsatdéasaonzar al | el
conversion of graphic color data using a CVTPS2PW i nstruction of one

ermbodi ment regitenafasepohl 28qbit fgisters én @ packetlfonmali The aoler ofmponsaisah thel
conversi on of graphic color data using a CVTPS2PB instruction of one

enbodi ment flogting BT foomat agH-EpvetRULENEbers iparsinggeer Kyoet. \Iheirsgss ins

DETAI LED DESCRI PTI ON PCTN5991 09473 A net hod and apparatus for perform ng
paral | el cHSBIEESIRTBAt BOPEEethi &t deaghone 1egiskE 9& piseie S4viaresisiers imdhgyr aphi cs
data is converted in all el between different sets of .architectural

regi sters P eB? s?ﬁ fCQEWQWEH§m?éﬁ?%?mFégggﬁ?g%@%gs@P“hgﬁﬁwy‘Gﬁta may

be converted,to a ked floating point format in parallel using the
i nstructi oHéthﬁr”bt{clfﬁegzgnﬂq

Erein. The packed floating point data is manipul at ed

to provide the gantfyudeha IaGdiddds 3P TRAE 0GR HEAb AL Hom
mani pul ati on, the packe oat 1 ng~poln rapﬂ|cs ata are nverted to a
packed i nt gﬂg d 1.l.el i &ﬁ i N i ﬁ% her ei n.
The packed ricaempind Babaie el iR NEIRIRG RRCpEh (RO St iacd LR,

enbodi ment gdesh Ba8w. data in one format in one architectural register is
converted to another format and placed in another architectural register.
There are advantages realized fromplacing a result of a conversion in an
architectural register rather than in a nmenory |ocation. Placing conversion
results in an architectural register nmakes usage nodels that prefer
consunption of a register result are nore efficient . For exanple, in the
case of perform ng 3-di nensional operations using floating point single
stet multiple data (SIMD) registers and perform ng rasterization using Sl M
registers, it would be inconvenient for internediate conversion results to
be stored in nenory. This is because the conversion results would be

i mredi ately required fromnmenory, necessitating a nmenory access operation
that would place the results back in a register. If it is ever required to
nove a conversion result to nmenory, that can be done easily with a STORE
instruction. In addition, placing conversion results in a register nake the
use of



conversion instructions nore flexible in sone systens. In parti cul arZGiS,EP 7002

=

sone pr\%(bgﬁéég-ar chitectures, a conput at1 on operation capmmsbgammrermry as ..

.both

the destination of the result. If an architectural register is the P

destination, as in the described enbodi nents, a conversion operation can

have NMBRIEY RES@RIPHONOG BORDRAWINES fically, a nmethod and apparatus for
converting data between a packed single precision floating point format and
a scal ar formmtpresest Westiontieillusiratedbe wapOgkARpIE and A6t IRARKER st e
precision floating point format data are placed in architectural registers
of a sagunds of 28 dvcompamying dahungsl i whick tike sferahdes énditmee siadlaar f ornat dat a
are placed in 32-bit architectural registers or nmenory. Furthernore, a

met hodelemensgodriatwhic:or converting data between a packed single precision
floating point format and a packed integer format are described. In one
enbodi nent , Figwkdds 3zomputessysipne oheracgreiodiménitoat i ng point format data are
placed in architectural registers of a set of 128-bit architectural

regi sters, Wigure 2gaaRerseser pf ong smkqdimertor nat data are placed in
architectural regi.st rs of a set O&f 64-2“@ architectural registers. In

ot her embodiTA®HE S 15 A ALH| ipgliie G OOF EMBPUMERY be of different sizes. For

le, 128-.bit r.egist b d instead of, K 64-Dbit i st :
Nor eover . a [HRRdS ARTFIEGBEPEFIE 9Ick PGISHR of ABe EBRYUFSbn i nstr uct i ons i n

t he parallel..copversio | tipl l.or_ GO data, ..or val ues, from
packed si ngIFéguﬁgééggibbnMﬁga qgﬁ%o?rﬁ)tzoﬁﬁat?l 5‘}%@?%@%‘;&@ F(rjffeger format are
descri Qﬁggahgg‘?}ggg AN PLBIGSeRf the parallel conversion instructions can

i nclude r processing time over sequential conversion techniques, a

decreased nyshgE 6Qholvda phtlliiffifictin bRRaRIgURESSAiNGF erM@phi cs data, no
requi renent for duplicated floating point "execution resources, and higher

appl i cation F%&@G%ﬁb%a@éﬁlh%ﬁﬂﬁlﬁonﬁb&uﬁ@&lAﬁ:aﬁ segiidahepaib ySthem 100 of one
enbodi nment . e conputer system 100 is an exanpl e of one type of conputer
syst emni/baperaads. be used wi th enbodi nents of the present invention. Qher
types of conputer systens, 9 2 6 SEP 2002 WO 991 56245 PCTI US99109472 not
shown, t hat Figwee 8mhbivgapeckedishifflecopetayion eawkdinglcsnSHEFRPSadstnictibn enbodi nent s .
of the present invention. The conputer system 100 conprises a bus 101, or

ot her obemeigmbediment har dware and software, for communicating information,
and a processor 109 coupled to the bus 101 for processing information. The
processor 1(39syreSrshewnasegistechieaal cpreperding gonysrsion iopo)ctivay pheptany type of
architecture, including conplex instruction set conputing (Cl SC '
ar chi t 8BPQAEGY- r educed instruction set conputing (RISC) architecture. The

760, 5 decoddBubhs iAo RRRFHTGY AtV pHEs O e B SO B | < used
her ei < ' hat d
e par & T Elod O g e LA Y T oL 6

ar chi t gty indggi sters). In other words, the registers referred to herein
are those that are visible fromthe outside of the processor (froma

programrer s mgﬁﬁdoffis! a/ﬁbwchm%ﬁmn&éaﬁnéagﬁﬁﬁs&ﬁﬁmpha@éa Ne4tgig can be
i npl enented by circuitry within a processor using any nunber of different
techni elest fortlt 89 sdeldi ¢ormeat avbysdifglto CYIISSRET snd AWMETES28L | y al | ocat ed
physi cal registers using register renam ng, conbinations of dedicated and
dynani ¢mdthyctidrisosfadredernbydiment. regi sters, etc. The register file 150 may
conprise a single register file conprising nultiple architectural registers
or may conpriigerel? is pflewcbgitfoerofvéréisg agarhbenirpm & pagkadiintégire -

architectural registers. The conputer system 100 further conprises a random:
access fomnat {p 1 RARfedbfloating powtfamnat axcerdins taalk ¥EPRYSiastugtenry 104
coupled to the byus 101 for storing information and instructions to be

execut é’(ﬁOWq ‘g‘ﬂé@gssor 109. The main nmenory 104 may be used for storing
tenporary variables or other internmediate information during execution of
instructions by processor 109. The computer system 100 further conprises a
read only 10 2 6 SEP 2002 WD 9915%245 PCT/ US99/ 09472

2002 WD 9916245 PCT/ US99/ 09472 a source of one operand and ..

%



menory (ROM 106, or other static storage device, coupled to the bus €6fEsz2
for storing §ﬂ§BPC |nfornat|on and instructions for the procesgqiyshdes74
.data storage 107 such as a magnetic disk or optical disk and a
correspondi ng di sk drrve is coupled to the bus 101. The conputer system

100 may be coupled via the bus 10Z to a display device 121 for displaying

| nformaci on 1o 8, U0l W AORUL S, S AT, D SPka, Il 8y heduRan

include a frane b specralrze gr aph enderrng a ca
ray tube (CRT flat YAt gnhot so
limted. An Olﬁg%nngartr%aﬁ%%t@e n%épkqglza,tla?én%@u 'td‘ al pjr?gga?rérr c and ot her

keys, may be coymipedpt mstfiRiBHS ol Bhe ERIboARAEHY cating i nfor mation and
command sel ections to the processor 109. Another type of user input device

is a cursor controFigld 16 P floWchdrt¥orBWe@ndviriaetkiRstrliction BSEY fér touch
screen, or cursor d|rect|on keys for comuni cating direction information
and conmand S@ir&@i‘ﬂu@?& riunbérefromoc paded fldddingapsint edrmeatitbragbddkad ifitegeer
novenent on the display device 121. The input device of one enbodi nent has
two degrees oforfria¢edmrding ton CAXAR2PY inststctiaxi of orerembaedinsentand a second
axis, or y-axis, which allows the input device to specify positions in a
pl ane, but the invEiguiredSisa flowchert fgrratt@dd viapiaoh esedrbudiomyettingahar d copy
device 124 is coupled to the bus 101 and is used for prrntrng i nstructions,
data, and ot hewmpar fomeipsakerh flaafingipgintdounatte pppeted integer fermal i | ar
types of nedia. Additiong]l he conputer system 100 can be coupled to a
devi ce for sQARSATFBEIPH &Tﬁﬁéﬁ%ravaatnnfénnerwdD ity ecor di ng may be

acconpl i shed using.an a z led to a m.cro and the
Sound. pl ayback m rsers?g FoSichafilor faeh SBaaruru GHRRARAD Srpred to
digital to ana convert r for back,the digitized sounds,
bt the | aventhon e iRbriERT ddns oS dla B85 W0 Soln6o.s

PC t'/US99109a72 The C u in a
conput er network, ﬁﬁ%rgﬁﬁ %%@02%%5% Q%a%@ lC§88é$§ﬂa&@8%pd?ggbgﬁtsystem
of a conputer

system 100 nayﬂ%ér/?rr?z? alg (!':llé ggedéﬁéﬁ E%t@ﬁg‘géedv. c%&?%%m%e Vi
digitizing deyg&eegrggogﬁﬁeﬁe used to capture vi deo i mages that can be
transmtted to other conputer systens coupled to the conputer network. In
one enbodi nent, t hEighires esssrid 186 aaeldhfal flyvaldlidgratisstrd sardtle] asiversibh@f set
which is conpatrble with the x86 and/or x87 |nstruct|on sets, the
instruction sgfa ?hwﬁdobylaﬁxmﬁﬁg ﬁg:mﬁllﬁﬁmaMmofsmembodhﬁeﬂentr um
processors manufactured by Intel Corporation of Santa Clara, California.
Thus, in one enbodFigents Hahmtptlebesesdatamourqtgremssofad lbartaﬂel apereasioored
supported in the Intel A«chrtecturyﬁélAJ ~'), as defined by Intel

Cor por ati on ogras@m@plordm)us@agraf@ S2PWedastvhetioppbers smbopimant | Data
Books volunme 1 and volune 2,1992 and 1993, available from]lIntel of Sant
Clara, California. Figdirgs 2eaamd 20p gee grigdlove siiagremnsefit BaBpst onsersipn x86
and/ or x87 operati on addi.tion. erat.ions of t nventi on.

Al ternative eﬁ"&?&‘r §g6ta ‘e%giarw%ﬂ?%ﬁ‘ WEVWCHBB SPatER ktt‘crfg”}en‘\sentr on into
other instruction sets. The execution unit 130 is used for executing
instructions received by the processor 109. In addition to recogni sing
instructions typically inplenented in general purpose processors, the
execution unit 130 recogni zes instructions in a packed instruction set 140
for perform ng operations on packed data formats. In one enbodi nent, the
packed instruction set 140 conprises instructions for supporting pack
oper ati ons, unpack operations, packed add operations, packed subtract
operations, packed nultiply operations, packed shift operations, packed
conpare operations, multiply-add operations, nultiply-subtract operations,
popul ati on count operations, and a set of packed |ogical operations, but
the invention is not so limted. The set of packed 12 2 s SEP zoo2 WO
991 56245 PCTI US99/ 09472 | ogi cal operations of one enbodi nent conprise
packed AND, packed ANDNOT, packed OR, and packed XOR, but the invention is
not so limted. Wiile one enbodinent is described wherein the packed
instruction set 140 includes these instructions, alternative enbodi nents
may conprise a subset or a super-set of these instructions. These
instructions provide for performance of the operations required by many of
the algorithnms used in nmultinedia applications that use packed data. Thus,
these algorithns nay be witt data and performthe
necessary operations on the d§@§%§r§€?55ﬁﬂ§%ﬂgﬁiﬁ§§% iring the packed data
to be unpacked in order to performone or nore operations on one data
eIenent at a trne Therefore these aIgorrthnE provrde perfornance

e o, S o o b1 .




"2 6 SEP 2002 WD 99/562-t5 PC TIUS99/09. 172 received, the decoder 165 IdaiieH]
execution uBigélsg,g»g to performthe required addition; if a spEr®64/09472
_instruction%i’d*¥*&tei ved, the decoder 165 causes the execution unit 130 to
performthe required subtraction. Thus, while the execution of the various
instructions by the decoder 165 and the execution unit 130 is represented
by a seri 8ETAILED DRGERIPII@Nenent s, the execution of an instruction of one
enbodi ment does not require a serial processing of these if/then
statenents. Thé metficd end hpperdthd forsperdeninirgy patatiel aghversionraftmmn,

i ncluding control and status information, sca?ar data, integer data, packed
i nt eger dgraphiendatpds Restritiedatyhmyeipaihetgrdphics data eneorerdntedi imgrdrallelhe
register file 150 may conprise nmenory registers, control and status

r egi st er sbetweansgifferénigets ofcarchitestyralgegisters fonproqessipgi s sushi scadars

packed single precision floating point registers, packed integer registers, -
and an i n¥tegetq4aia o5 Snemery 3@@ ey beconyeEgdite a packedt ieatiig PoRt 170, but
the invention i.s not,,so limted. In one enmhqdinent, e scal ar_ i nt eger

r egi st er o FRAEB PRFRLIGl&iging BensiretioBt RERVIdrd deeeify SHhepasie Iflatingg poi nt
regi sters are 8:bit registers, an he packed integer .registers are
6abi t - 1 oBPSTAE ISgmEn i BT BING Deraptts §9tised D BhaSenbodi ment

t he packed i nteger-heqisters are_aliagsed_onto the sane nory space as the
scal ar 11 BRITEEd O T Eg L bR =S ARE packed florbing BVR! BEBT T he packed
floating i el i I Of ] j . Lhe processor
100 at ant SRkl o dpARTnIER) i B pdraBbtidhe he Bebitiche® ok

ref er encedebdrald eI THe A iRk eP dalPRreStdkk d RhBeeARGMaRRCKEd i nt eger
registers. In this enbodi nent, a nechanismis included to al Fow the
processor digfay.o switch between operating on registers as stack referenced
floating point” registers and non-stack referenced packed data registers. In
anot her such eiptid erbbdirhéetspiesettisad) (datd th 6RY {Simal inasrenatzhiteceslat e on
regi sters as non-stack referenced floating point and packed data registers.
14 2 6 S&fsR0GXoNDedi@t 36 240t TbHEA0 hNAA placddlint dresthrer architactamalal t er nat e
enbodi nent, these sane registers may be used for storing scalar integer

dat a. Al t eegiater.vEhersrrdiadeantagenyeal meddiromdplatievgentressidt of ofomveegsioners. For
exanpl e, an alternative enbodi nent may conprise separate registers for the
packed i nirgBrr¢haigcsural Eegistar ratbesdanan ameno@dosaer. PIRSINgG t er nat e

enbodi nent may jnclude a first set O{gezg?sqi sters, each for storing, control

and st at uSOTKESIRFESBIS iy 25chileeBia 8F Makgs dsage m fh“@é;?é%ﬁeé of
Feql St or s COPSFHRIPR A GEB I e Bo B SIS ot ST Ble ALFTRSOTf or ent
Co 1 t oder ROt AR s{te) ReERiBa il FOTHEE PR int RS NP R, b
tore 108 ot ST e Al Bttt Sl bRRLR Ridde SIS RARRALEL 1 1,

data whi | %v&ﬂhybe%c&‘i@erﬁé:ﬁc%t— WtePRACKRTe gaﬂ@erﬁ%c&é@}%ﬁg t&bBaldzeq RO MENL,

the integer registers each contain 32 or 64 lgure 2 IS a processor
109 of onen&rbAHI TRBLS bdda@ise HRE BSTHRIrsibaGesOMPWRAS ba ikthediatayf ace unit 202
t hat coupl es tHe processor 109 to an external bus 204, wherein the external
bus 204 i gegigieet front avamioNys Akcessititing hiiremdys betasd @pecatson thae vonsldi nt er f ace
unit 202 perfornms bus transactions en requested by the L2 cache 206 or

t he procegdare theresidsdbackun ahregistere If ithe ebersrdquirad mcmowvaiatcop@2rsiompl es t he
processor 109 to a unified L2 cache 206 using a backside bus 210. The L2
cache 206 rasuylt tsemefrforyhthat hap be slotereagily witlae STORE énstouctin. t he speed of

t he core processor 208, but the invention is not so limted. The L2 cache
206 of one enbdapAdition PRAingsenvarsiRpIAsEYS ipgiregister makathanse of not so
limted. The L2 cache 206 services. m sses on the L1 data 220 and code 222
caches) afanKEyarsEsHUCHgRRBIredisxible iysRme Sy aterms gticyy, in some > g SpEp
Z002

processor architectures, a computation operation cannot have memory as both

8



" WD 991 562a~ PC'f1US99109a72 The bus interface unit 202 of one enbodi A8mtPi 40l
coupled to the gr_q'cgssor core 208 using an LI data cache 220 apg sB99/bds7c0de
_cache ~?~, e¥EH”62%%hi ch are 16 Kbytes, but the invention is not so
limted. The LI caches 220222 are first |evel caches that can provi de data
in one clock cycle on a cache hit. A cache hit occurs when the requested
data is al r gadyridof dree opetagd aridgiend stinatioacdtaheiresul OCK Uhsrcliifettiig dat a
is brought in frommin nmenory or the L?, or second |level, cache 206. The
LI data cachegia® isthevdestimatiohaas ratheadubcribed @nfilesiasngs, iascomedrdon t he | oad
and store execution units; when a m ss occurs, the L1 data cache 220
f orwar ds r egpesdtiort cart have theraaryeas2i6opétiaedlsburoele cache ~?2 servi ces
instruction fetch requests issued by the instruction prefetcher. The
processor core 206pecibieplly semetizenl encdappanatusifor tonvertingtdaia betvedrea ch;
branch predictjon; parsing . of instruction streans; decoding instructions
i nto reduced®arked Fingls Brecisien floapnginpint Irmat anesa sqadar format ave i cr o- ops;

i Q?rgﬁf CEEE%IW@?%@%B&@%& Joy e & Shg\cmiecRieT Q%:aé’%seggrﬂof 233
266, 30 e ) ' 1 [ 1 m T

or oceié‘gr blggrgv‘é’%%%%%iaie %e“ﬁ%éflaa‘ﬁ%yﬁe@é@ﬁ‘%#%ﬁérsgs"%fh%%e@%%cﬁtggwﬁ

ohi ch they. ey VRLE BRERATRTePnat Rot o R Bned bORbhl R Th o' up
control (APl L);clinL B¥ é@s{}{\)&%ﬁeﬁd{ﬁﬁeﬁ%&r 599&&%?8%?@%@%%90{&%}&%% and

forwards the fYeques t'he processof core execut1 on.

processor ofy@NBe&nhedi g&a&edsﬁn R SARNGPHORHRE DY BEmRF REASACKPYI It
around two general - purpose integer pipelines and a pipelined floatingpoint

unit, all owifi@gbhforBiRCRE Hebcried XetoticerhbBdirhbAY Packes B2 it iggle

si mul t aneousl y.” The processor can issue two instructions in each clock
cycle, one ipteésioh fluaiihg point forenatnieatare pldcedniatarsivitddtinial eelisteés of 2 6 SEP
2002 WO 991 56245 PCT/ US99/ 09472 Figure 3 1s a dual data pipeline 300 of one
enbodi ment . s€X tiel28eib adihittsraireggisiave vamde pagadd 3izbirintegee fdrven datm

pi pelines. The first logical pipe is referred to as the U pipe 302, and the
second | ogi @at ppiced inarchitenturad registess oha st ¢f FebBachimgtunay ragigetedodi ng
of any given instruction, the next two instructjons are checked, and if
possi bl e, t Isshergrabpdunertssarchitesairak 1esistars saay he obdiféierentsizes. thes U- pi pe
302 and the second in the V-pipe 3Q04. If it is not possible to pair two

i nst ruct i on€XaEtRle R0 FREIFGET o BesusessineteadlHebitprgiatesn MarePes, 2
instruction is.issued to the V- xecutﬁq}inthe

i 04. W i 1 ti
Lo ol Ses S anStea S b pis i the conraonans fichans WieRe Pl o
tially. The. ] - i i t || 1
et S EPnRPRigH 8P ARl O AREBEACANATOE DIRIEL M8 {1tk shik "
stages: instPlE i . i no
o oad: ; PRk A0 phRE Hiiticio SEAEATRART oA AlYe YeBeriill ATC T 02

schedul es, %%H&E%a&ﬂﬁgéﬁbﬁthé‘ LD Bhvarsich he®fuddBnk Cak Walhdst ructi ons
per clock cycle. Figure is a cache architecture of a processor of one
embodi ment . rEAgcd PERBESNgGRAP bvEESeuenitil ¥onséran Rttiquesth débideaict ur e
wi th an out - of order execu?i on core. Furthernore, the processor of one
enbodi ment  gaimbesesinshuetiopsirattegrodessinie of grdphies dxrecnd requipanest ford, a
branch target buffer (BTB) 402 with ~I2 entries, four 32-byte wite buffers
404, a set afuidaked flestahgpoiregixetetion 4dsbureess enddfigherdpplicationt regi sters
410, a set of eight 128-bit nultinedia extension registers 412, and a
return stackprooédseng ¢fRSBNx06. The BTB 402 hol ds a history of branches that
were m spredicted during the execution of an application. |t stores the
address of the niEpreeilas eqompariensystemn 00t sme embodimeant ThacgBIPMEH! esss,

and the result of ge m s red'!P(r:]t'on. When t he sanme instructiogs shc?w up
agai n, the bgb’éﬁé‘hlé SR BXYRPIPE ORR B Hi ORI SF SK3tEBhtNRG can BaMsed t he

out cone of the, branch. The B 406 17.. 2 SEP 2002 WO 99h624

BC 1 U800/ odAEh CRTUmAYS B Hih RIEoP L HARHaRy SILEE YRR o BORAITCD FHEE ar e
called fromdifferent |ocations in succession. As previously discussed
herein, the processor conprises two exec®ti on pi pel i nes, the U pipe 302 and
t he V-pi pe 304. These pipelines 302-304 operate in parallel and may sustain
an execution rate of up to two instructions every clock cycle. The U pipe
302 and the V-pipe 304 can wite to any of the four wite buffers 404.

Furt hernore, one enbodi nent supports pipelining, or overlapping operations.
I n pipelining, the processor breaks instruction execution into nmultiple
stages conprising fetch, decode, execution, and witeback. As a result, the
processor can execute nmultiple instructions at the sane tine, each in a

- . o o oy



paral l el processing to the level where a single instruction operates 7dnSEP 2001
multiple el ements of data. This process benefits applicati @egaiddghosper form
.the sane ¥R? tbn repetitively on contiguous bl ocks of data, as in
mul timedia algorithnms. The 64-bit registers 410 nay be napped or aliased
onto the registers 414, but the invention is not so limted. Because the
64-bit regkshews, ML aeeonfigardd afffdrbetly | @ald ABopeiudedstake, there is no
new state. Wen the 64-bit registers 410 are aliased onto the 32-bit scal ar
register Envébb@irdejmtaof:éssgfegemhﬁveh'tiasedheeghqinaézs.c,ysmthnt)ﬁedhq;r@eb ansi on
instructions interpret the data as packed integer bytes, or words, and
f 1 oat i ngbpeildl, omsthencbimonenicatienp hatdwae aaisoftasm, fr dohemumidatisga part of
a floating-point nunber. Equally inportant 18 2 6 SEP 7002 WD 991 5674~
PCTNS991 r¢formhationt had a peocesdari 108 dbapled: terthe busi10% fonyprocessingiave access to
the eight dedicated 64-bit registers 410 in addition to the eight 32-bit
scal ar r infosmationg {The procgesqradRaepresentstaqeadrah procesHng hinit Yword are
defined for the 64 bit registers 410 of one enbodi ment. Each el enment within
the pack8@VH ¥ (e of architertusa.- ipelusing em@iex INFtrHetioR 62t COFMPYEBNE t he
pl ace of fixed point within each elenment and.is onsgible for its
pl acemn{&ﬁ)&fﬁhﬁﬁgmtrﬁ@ré YRS EHCtam pet W%@Eﬁ’ag teFFH- t he

flexibili h d ch fixed-poi duy i h | i i

| ' or der TG HBFFOL R0 ABIRHE d s oot a0 et MR e S0 T ci &t er o
410 t g f e i L it d JEach 64- bt i i

oxt enst oRS)chReETiS: g B AResh AR R saPRC Bl S DH R

e ot or STB Ui SRR Bror RS s R PR G A AR S ERE D o et

accessed nyl @oanstA6KoR® gﬂdeﬂ%ﬁ% B§¥ra§‘{d‘§ (Wisb Refebdlth Qatar g el

instructions. Instructions tha pecify a nenory operand use the 32-bit

scal ar r eghistees)s I lstheo watds ahe rbpialerO RFeARE to BefaN a6 tHiBe Hatirk registers
410 actualTy use the floating-point registers, applications that use

mul ti medivisigbet fetiai thie deteiteafaby presessdd(ficth agRbgrfbireteperspectingg. Ei ght
registers are the 64-bit nultinedia extension floatingpoint registers

MVO- MV ¢howevei, thte pegikiets dedcaibedritreinglah tredgisemesteaal bey tineuid3- bit scal ar
regi sters 414, which can be used for different operations |ike addressing,

| oop contwithin opregegsen heing daynurabepef differant tedhmiquesasiekh a8 eger regi ster
operations support the novenent of data between the 64-bit registers 410
and the dedisatedphsical mpises dynamicallymlinsaied pitsied registesndsvg- bit nenory

access support in the U pipe 302 is used for rform 2-bit and 64-bit
menory t FEHSteEFeNIRBGIIRYRAHRBS ohdg &ca?eégqrgf %aﬂgfﬁg%@ 2002 WO

9915624 PCTNS99/ 09472 410. Furtherrrﬁgee -Lhe processor .u%sles thg grl i pe 302
for tranSF¥sEabIaBIRiERs e ThE Lferte TR PRSETRTISE GMREIR T8 T 1gat hs. The

onthe. pSoREd Y6 EXERH0R AR SR LB R SR e 1 ypes
packed | Bhg, G4cipLLnfBolSL Sl apTbe ARekeda LR gl @ type compr i ses ei ght
cufive ye5|nab4-rb|t r

packed consé regi st or eight elenents per

operand. The Prgkastnpiét dfaich LUPfutERidriSitsdstianBREK EkeSORRARYYI ve wor ds

in a 64-bit register our el ements per” operand. The packed doubl eword
data typeReMIPH} s&feridhdinieicestage deetdelih tRaidGH BB ryR04lotipled t64hdi t

regi ster, or two el enents per operand. The quadword data type conprises one
quad wor &usr0a f6Astfring gfosheation ahddnstretttorertd beesxeomped diycthe

processor 109. The main memory 104 may be used for storing temporary

variables or other intermediate information during execution of instructions

by processor 109. The computer system 100 further comprises a read only

10



The instructions perform signed and unsigned arithnetic) |ogical, pacﬁﬁﬁﬁfzmz
and unpacki ng operations on the data type boundaries. Furtherg

Jdnstruction PYJ%*F or saturation or wr ap- around to handl e oﬁgﬁéﬁﬁ%ﬁgﬁ%
under-flow conditions. The instructions of one enbodi nent conprise MWVQ
POR, PSLLD, and UNPACK instructions. The MOWV(~7 instruction transfers 64

bi ts anong hé@oky (ROMPLOS or Buhdri sl SOPHANNIQN 6 @Fed B ifte 8¢ 181pAg the
first set of nmultinmedia extension registers and nenory. The POR instruction
causes exegtdri®g seiticAnfirindtieh A irtsductBn forl the prbé&stosed9. of mul tinedia
extension registers. The PSLLD instruction causes execution of a shift left
| ogi cal without Aalatystacagsdeviad 307, speh hodnagneticrditier bpticdl disk anll a

mul ti medi a extension registers. The UNPACK instruction interleaves data by
t aki ng one copmspoddingdisbrdrives ¢f aiigrled hal theneusolidr dtd dohtputer spsters pthdi ng

| ocation in another register and placing both operands contiguously in a
regi ster. Foay braappied wia tbribASROMHtCR display deviced2pifercdisplayéngi gh oper and
of one register and the high operand of another register contiguously in a
register. PRfOSHALHTHIAR HESTOT the cORPART systarm 180 BisRiawdaviss 18h canzer o
operand from 20 6hz 6 SEP_ 2002 O 99156245 PCT' NS99/ 09472 one source

regi ster aracldgenramelwffey sherializsa graBhice rerdaTmedeuges &R Yaces

i L oet alBe LR Sk FRE phad bty bt e el bR Cob o HEnTed oh8 415 of
nmbodi t further | . f f 3D i | i ti
over pri or MhenirerRinp e g EALE S AT B R SmedR M e Bl Bnay ™' O
pr ogr anm “%.e'q&%?l?&'%fﬁ\é 8&%@&%&% Dﬁfcﬁﬁﬂ‘g%%nﬁﬂoﬂ%%&%%%qml .
oat i ng- poin ata types Ich contal n TouP single precision oati ng

poi Nt NUMDEER.tBHE td Heeg;fae‘ag@drqmi Wher;tg'ghioﬂgéqnpﬁ?ﬂ%ﬁzh 194 cHRRS

floating point instructions are used to rate -on the set of eight 128-bit
mul ti medi a gxENIDY RofRiisthE b MO XMVKkball hep b Y tBhaY s&es, dth@irfb0gr ammer
with the ability to develop algorithnms that can finely m x packed single
preci sion fdifationdkd)sifot cominumitegey ditetiton Fifbihenomwaad coftihangt i ons are

i ntroduced to control cacheability of packed fl oating-point data and

i nt eger datsalectibas ¢o temprotessard0b carsd fornphtddingieurabt rdvementoihrtham dat a
into the eight 64-bit nultinedia extension registers MMD-MW and the ei ght
128- bi t nuldisplegtidevese Eisi The inpgit shewice oXioDeriddimienhbas twoldegtdasepft he
caches. Moreover, these instructions conprise the ability to prefetch data
before it ifecesomyan tyowmxes,.a fitss akist ehyadisagndaseeandixipardedxs| whic¢hg poi nt
instructions is the accel eration Q%hBD, eonetry and graphics, .the

accel er at i GHOYYS 818 INBHYERYVIFE 10 SREFIDhROSIERRT By 21P12BR. Bt WiedBYeRIRDI MY and
decodi ng. I n.one gnbodinent, the Single Instruction Multiple Data (SI1viD)
t echni que PQlﬁggﬁ,'but the invention is not so limted. As previously

o scussed her el G ErLSSIRLALE SPESS, R BRTIIE RS RS R
11 128 D1 e S 06002 AL oA RURLI R B 1958 Pk

ort o i el : ‘o nd
Gonnl e vor § oS are BRE (R ANATE S dRauY R ahall tRe Rt 0s 72

approach i syyeed 108eanse BRpleBld HaaPil &5 R ddetdrdihg 8haPAAYHHRAZSSI NY
(DSP) applications have characteristics conprising the foll ow ng:

i nherent | y Tiay sdured recoirdihgiiviagivecictamgtishddbusiegfaneaidio digivizet chgsled;to
regul ar and reoccurring nmenory access patterns; |ocalized re-occurring

oper at i ons apmidropimedepand kee statred plriybackdatay berrtepmiplished coingr ospdakew. | n
one enbodi nent, eight 128-bit general purpose registers XMVO XMW are

provi ded, eublthds cobpldd temdigitadite analog (Rddy)eopweerterTios pdaying hack thegi ster s
XMVD- XMW hol d packed 128-bit data. In one enmbodi nent, the principle data
tfpe of theligit&eas sounds bubtheinssnées ionotrsedimiteds 412 is a packed single
precision floating point operand, specifically four 32-bit single precision
floating point nunbers, but the invention is not so limted. The
correspondi ng nul ti nmedi a extension instructions access the 128-bit

regi sters 412 directly using register nahes, but the invention is not so
limted. The 128bit registers 412 may be used to perform cal cul ati ons on
data. The real - nunber system conprises the conti nuum of real nunbers from
mnus infinity to plus infinity. Because the size and nunber of registers
that any conputer can have is limted, only a subset of the zeal - nunber
conti nuum can be used in real -nunber calcul ations. As the subset of real
nunbers that a particul ar processor supports represents an approxi mation of
t he real -nunber system the range and precision of this real-nunber subset

o, . o r S - v o "



"2 6 SEP 2002 ~i' O 99/ 56245 PCT/LJS99/ 09472 positive (0) or negative (1§ SEP 2001
The significand 506 has tt~~o parts: a 1-bit binary integer , 472
.referred tov%g%l/:f?ggl-bit; and, a binary fraction 510. In ot hgé@remn%dg??nents,
the J-bit 508 is not explicitly represented, but instead is an inplied

val ue. The exponent 504 is a binary integer that represents the base-2
power to which tTie somputdrcyatbnb060 can fanctivh afRegandnapimeompudedt a
formats, the packed 128-bit data type conprises four single precision
floating ponretworkpiesein thecd2@ubert syseere 100 iHe cethplitehswhrylstel? bf awher ei n
bit O is the Least significant bit (LSB), and bit 127 is the nost

si gni fi cant cdrnputevBrRsyvorkipatt biye sxwventtionhie nod sk dichite2B- The cdatputey gesterh one
enbodi nent have consecutive nenory addresses, wherein the ordering is
little endi ¥ mapdfurther inchedary vadeanligitizing desiige 126d drhes visteodigitizing
significant than_the bytes with the hjgher addresses. Regarding register
data for mat9evigaileRean he prd tompiire Mifeo mages thatendroiransgidedtas have the

sane format &s a 128-bit uant(ianté}k/l i.n gﬁm)r . Two dat a, access npdes are
support ed, ¥ s e, but the
d, QhesSORPLEISYSEIMSERPISH d0 ANe SOmputer RetwOTknde  but t h

i ion i | Lo ted.  The d dir ect | h
cimglerpreci si ont orneRopiust et GetdBdol S0P aaRSHhA of tno
| ngl e-pr eci C >t @ th
cxoopt zor o RRHCHaRGE i PhAARbIL SRR R el Bhelibd BT
preci sion dgfank &i&%5&9ﬁQ&prie%%?h@ﬁ%ragfg@ssorﬂﬁcﬁbiag%' EpeRAfsant is

127 for the single precision en storing rea al ues 1 n nenory,

si ngl e-real HMRkbRYs MMFIQLRH b [hRYCorASRRM dRnRY L98ra, Talomiy - The
128-bit access node is used for” 128-bit nenory accesses, 128-bit transfers

bet ween t heTAd$iRiche BhBddIB@NE, tﬁé%ﬂ‘ﬂ@és@ar 18D6 b S0es aldfifle apdrdth@iscal , unpack
and arithnetic instructions. The 32-bit access nmbde is used for 32-bit
menory acce&SpdpcﬁrZed)hi tHerlated farchitbetine @A M easldffiredtbyninte] @edporativhesfsi on
registers, and all arithmetic instructions. The 64-bit 23 2 6 S~ P 2002
WD 99/ 562. t SarR€Tlatas0RlifoniR Seclisoprdeessarsubee] Dara Baoks volwemot yndccess,
64-bit transfers between the 128-bit nultinmedi a extension registers, and
all arit hmevolamedt¥992andd993 mivaslablefroms Intekofffandnbdanap Califontiat As a128- bi t
mul ti medi a extension registers. The instruction set of one enbodi ment used
to operat e Wiulfathe pospEAn0DFan FEPROK - xisting 186 anstiof XS eRRIRBANS BYi st er s

operates on either all or the least signjficant pairs of packed ta
oper ands, i AA%KIOR tod ?OPF’@&O@S@?%%\’/%VQLW%ﬁahﬁ"e‘a‘af‘l"f&eml&‘?‘?’é‘h%méBga'&ii ng on

a pair of operands. Fiqure 7 shgws. the .scalar jinstructions erating on the
least si gni FIVERNONFERY TEPTRIETE (5 BYERLRBADI HheE I e tBRer it ons, ¢ he

t hree upper conp y . ¢ r . e
dost i natton. Al SRER ool UhRg0 e T RO S BRTRA0ns MO BO T
general, th 0 ig;gﬁqn i : QH{P( ndary
for all ins ﬁc%?%o%ﬁl?)%xﬁncg%?ﬁ%%uﬁg? gneoé ?‘oa scgigﬁ%@lgrgléé h%rﬂeg%

I nstructiong, géné%ﬂﬁg_ﬁﬁlﬁgp?@éﬂss&%ﬂfﬂ{é S@catiSAWnid BoReekeRizel MHteudtiRE! Si on
Fl oating Point (SHLTFI™ S) "instruction. The SHUFPS instruction is capabl e of
shuff1ing afiya phckdibinBaslasn seUT405on Peefrfrafig dperatidrdadn pacike ditanunber s
from one source operand to the |lower two destination fields; the upper two
dest i nat i onfdrredtsisIraore gebodahent, the paekehinktduetioh sanjddEombeistour singl e
precision floating point nunbers fromthe second source operand. Figure 8
shows the packeottishsfél Bippoetingipack CpeeatRis) ERBackneperatiansnpadiedoadsd

enbodi ment. By using the sane register for both sources, the SHCTFPS

i nst r uct i onoperationsparkad pubtrat eperadansfpadked frouktipdy wpesatiors parked
floating point nunbers fromthis register., In one enbodi nent, scal ar

i nteger or PFRWPRETAHEBS, PAGKesE COBPAEE PRETFHONS BRI -33¢ AFerHEORSAst r uct i ons

provi ded herein to acked floatin oint format. T he packed floating
boi nt dat . FEREHBEPEE S PEE Gty PRE LI LR UBI P e onaBg 7 TFtHOPRAEEE
renderi ng.

LW i i.on, the. packed floati i e g
are convertg%faﬁvgﬁg?%ﬁ&g Qﬁéﬁ?'d%pﬁg&?ﬁé f\‘ﬁtcsteq %xﬁ\ét%%'ﬁ% Rt padk@phi cs data
12



"2 6 SEP 2002 WD 99156245 PCT/ US99/ 09472 described herein to a packed?6 SEP 2001
i nt eger fzg\;@%?r ;I;Ige packed integer data are used to render @gTTIVE99e9472

_di spl ay. S c’ﬁ, an application may use 128-bit rmnultinmedi a extension

regi ster instructions in conbination with 64-bit nultinedia register

instructions or 128-bit multinedia extension register instructions in

conbi nat i dogwiat bperatibas of ege sirédwdimeme romprisegacket i ANS), pabkied t he

i nstructions of one enbodi ment conprise conversion instructions that

support paBREINETd peckedhOR; andqrasked X DRt etctinetinwen2@r s notraal limitedi a

extension registers and either the 64-bit nultinmedi a extension integer

regi st er s Whilermnezmbpdimentdgdesarived whgrein she packed insticsinoset 140

architectural registers supported by the register file 150 and the

corres pondpﬁbld@égmﬁe%u?tmsﬁ aktemativesmp IS SRy epmpBisAasubsatr

register file supports a,set of scalar 32-bit IATMregisters, a set of

packed i nt%@‘&i’erfsggpé#@%%ﬁ%m&“%& bit multinedi a extension registers, and

il 1 ol B oxt ePASB P BON s R OVisi o ORATSE S e ORETAHORSFEREE 1 one
enbodi menty, fs, b vhoUalor AEAHSSEN NSk Buia IS IRAREY U1 QS (g9l ster s

904 may be e nmenory space Sca registters or the

it ruct i onevo1ey At BRIUTE TP Be Pl I Park S fsetl} SPTKRES O cter
file 15D %&Yé&?t@n&e@éﬁg%rmoﬁthégﬂ{éﬁtdlchQ, Rethaee feqiliMrgitheat i ng

point data and SIMD inte ata during data conversion betweerfl the

regi sters. padked @y &5 bé QAphéledd inCdriden o peBENSEhe BHinoe @pBAitidrsErt ed to, a
Convert Scal ar Integer to Scalar Single Precision Floatihng Point

i nstructi oond €2f2 Blethént atst titmet mm}ef%é),th%@gbﬁﬂh@gﬁbﬁdeﬁie?ﬁ}mﬁceci si on
Floating Point to a 32-bit Integer instruction {CVISS2SI instruction) 912,
a Convert advantzges dSealpaior Brngererky pormiseprbtesabianthaPdontotisapSoetithe 32- bi t

I nteger instruction (CVITSS2S| instruction) 914, a Convert Packed 32-bit

| nt eger t opackedglaSEppeGORNY\Ce@oirsd Ry BrirETimudtiolliad algapibirisd Firngl e
Precision Floating Point Instruction (CVTPLPS instruction) 920, a Convert
Packed Si ngfanpeeit pgnuhinediatalgeyriten sequisesar Rpgraiomihat canmrefdie i nstructi on
(CVTPS2PI i n?t ruction) 97?-, t\/\%ar,i ants of the CVTPS2PI instruction 922
conpri si ngPH PRAckRd Hat FPYOR 2 BRIOETANT PooPHIasi 4R R PIESRNb26, and a

Convert Truncate Packed Single Precision Eloating Point to Packed 32-bit
| nt eger i n‘é‘tVFUE??’JHuEWIﬁ%%EF aﬁ%'tﬁéiftqpl“b € gpga PET8al ar | nt eger
to Scal i le .P 14Si Fl oat i Roi nt__i nst ti I
i(rjlst;:t(jlcf1 |r o??lf"r}%i’% 18121?\%'51215@%%&43%@5{' C&%gfflgtﬂis %}Léér?:apga%‘é%?%ll?%%eger froma
32-bit scalgi %rack@& P@Jessihggi ster 902 to a single precision floating

i 1 Y ng e i

poi nt nunber preci sion floating point nunber is placed in a

register of a S'ﬁtxeeiec%l%%ntih{itmdisid&gh@dMmgw@em&iﬁb%& R
Al ternatively, the CVISLSS instruction 910 converts a signed 32-bit integer

from menor jhté@abbgé M. ETHE &%ﬁbpﬂlefi%epﬁéseﬂ% Aktdtdgdefea ogeci N the single
precision floating point nunber is stored in a regiSter of a set of 128-bit
mul ti medi apmcessosilon foregoaihginforfitation) anclhdigged atan Ferrtheonora thei nexact ,
rounding is perforned according to the contents of a control and status
regi ster. &kegyutien it F304s kbopledaota fazhedéfwadtd dgecadarisbe Therenhal&lal ar
format to a packed floating point format (the CVTSI 2SS instruction) of one
enbodi nent is WGedtacadhe datgiand contel sigredofromatfonaxample, the@in mement ed i n
the integer format in a_ register of a first set of architectural registers
in a scal at0% ofhredecores 16nisayed fpodeseding ippauchpBUTereited By theso- pi t

i nteger format, btib the inventjon is pot so limted. _Theegxgst set of

ar chi t ect uPEICep39g; 18P dnto Gomyrol Sigpal s NG MYRTOCIL ISITY BYITdt ShrsTespRRSe e
invention |,s not so l.imted., The nu i e ijnteger.for ma¥t1|3' S converted,

at step 108¥Se fontolgighes anf mifZosq ?er{rﬁ%gﬁ%} v eSO HB 304t i ng poi nt
: f . . e o omt i .
format, buPoRRErl AR pka R optaliohs D EBOL GRS PRI IBRARAR Tt o

converting conprises accessing roundingﬁcontrol 26 2 6 SEP 7002 WO

99/ 5624 PCTI US99/ 09472 bits in a controf and status register, and roundi ng
the nunber in the floating point format according to the rounding control
bits. The nunber in the floating point format is placed in a register of a
second set of architectural registers in a packed format, at step 1006. In
one enbodi nent, the second set of architectural registers conprises eight
128-bit registers, but the invention is not so limted. The step of placing
the nunber in the floating point format in a register of a second set of
architectural registers may conprise placing the nunber in the floating

" o TS -, o



32-bit Integer instruction (CV ITSS2SlI instruction) 914 converts the 1e4&&P 2007
si gni fi cant,, §i,hgl8s Preci sion floating point nunmber from a 128ebis99/09472

-mul timedi a extension register 906 to a 32-bit signed integer. The 32-bit
signed integer is placed in an | ATM scal ar 32-bit integer register 902.
When the conversion is inexact, the result is truncated inplicitly w thout
the step afecanedstiende@derdbdicagsemeiecuiiomuaiciifttogerfondh hieakygaireegi st er .
Figure 11 is a flowhart for converting a nunber froma packed fl oating

poi nt f or mdditienaif scribiradtanstauctiom s ©0gi8ed Sheatedodr(TIKSS285es thet r uct i ons)

of one enbodi ment. Qperation begins at step 1102) at_which a plurality of
nunber s aréxesubipadminl3tto pedarnigesequired subiaction. alusgmdilerthef t he second
set 27 2 6 SEP 2(1‘_20]% WD 991 56245 PCTI US§%£39472 of aréhi tectural registers
in a packeRiecBiRR©! the VBROUS IBYENERORS bY Bifrderodseled andtha exesntiph umke

floating pgjnt fornmat ut the inyention.is not sp limted. The floating
poi nt for nﬁo 15T eBifecR eRTe? Qyz"ﬂ g’?%??teé?%ﬁégﬁfeé%‘i“gi%‘@ff%ati ng poi nt

format, but {_rhe N n\é?%ti on %s not S | i m'tt ed.. In ong enbodi nmen t he second
set of ar cRPEECHER & OPES™S %‘?’é“%‘bn%?‘?ss’é% TENYRE 2 PSR TRYIEREE™ but t he
i nvention i t jimted. One of the plurality of nunbers in the
floating plclf)/l?%nl'{23 sé?t%g%ér{% converted, at step 1104, to a nunber in the

i nteger format. js g : HABREA I ; bt iint eger
format, but the@%gﬁgﬁgﬁéggggﬁeﬁ folr%@e . ﬁ one %r%gggﬁé]?é%tfblt he

CVTSS2SI i g1ed Etahd RforinB8oft SRl dé’c@!‘ﬂﬁégérr@ﬁtzﬁ kéd e 841 roundi ng
node bits froma control and status register, and roundrng the nunber in

the i nt egepadi@dnfidat biitnth Ol bfe eMbydimentRHE rdgiste£ filecld0 thay one

enbodi ment” of the S2SI instruction, the step of converting conprises

t runcat i ngedrhpriseiEnotrnrdédisters)tcegaol hnd seitus ryisterst bgaladatapgedrng t o node
bits in a conversion instruction. The truncate operation is thus inplied by
t he convermigisteispstaiarcfloating point tegisterscpackedginglmpreadsjon flodting priskess t he
control and status register to determne a rounding node is elimn nated.

Typi cal apisigistars, packeskirftegen fagisiershang @nrinstreetinn peinggryegistargoupied
round-t o- near est roundi n??m)de, the truncate roundi%ng node is generally

enpl oyed wieeimedpipraak by 170.dratithe yenfigsois ot 6@ limitesydn onehangi ng t he
roundi ng node typically requjres changi ng the, roundin ontrol .in control
status regPRPeRimERG dof ﬁ@a%hgﬂﬁg%rnr@&fgewaﬁéfﬁgt RBIHETPrDE RECKPA B4 | on
avoi ds updating the status regi.ster b se the roundin de .specified by
The | mst F JETBHOb 0P BRIk BTy Are T O e et G PR RROHBIESF 1 ¢ he
integer format _is Rplgced j ' L e first;. f architectural
registers feeTeL a6ra c&grr ngltS %ré{tq%t? Ié% uﬁ%éoq‘fﬁé‘ of ?é ls’L?r‘el{see' of 28 2 6 SAP
2002 WO 99~5624 NP r.Chi ISt : Lse eight
32-bit regi sterlsh,g uté t he 1%§%§ﬁ2?<%8%¢ég§0r{g?%é§ggé51%%%&0%2{?% Packed
32-bi t | Nt &GRE riénb) gﬁijcesés”@k%cﬁ’ra?fﬂo%'ﬁﬂg Zp%uﬁl@segwe@os_ arafStelpiktbisOn
(CVTPI 2PS instruction) 920 converts two -bit Signed integers froma
64-bi t mul idenRsbidafoexihepatiosd Paakag pomedan. IR asPgaesBthts bbrdgigtel fik6t
significant single precision floaling point nunbers. The single precision
floating pi0)thepehessonl®,at anggiven e Byt treatithe regiiters ax beirg on

regi ster 906. When the conversion is inexact, rounding is performnmed

accor di ng ¢ither stack refereadd Sterting peigit segstefsy onmorestacly refétencag peckedr o
significant nunbers in the destination register are zeroed. Figure 12 is a
f1 owchart idegeromegistersnglmthis sadodiment .2 paehanisinis inpbudgdbioaliow she packed
floating point format (the CVIPLPS instruction)_ of one eg‘o&di ment..

Qper at | on BERfieRE0TH09¢pesyvitcly betwigen, ppematingon wgistars 28 stack refeTenf$ders in t he
i nt eger fohmat. are.stored in a regi ster g%_ a f'rs%ﬁge of architectural
regi sters PRAENEROKRUFEHRE:ANG ROGHFE £ pa ey Mgt ored in
t he intege

r format,, but, t eiqv ntion is % so l.imted. l}ﬁheintt er f or mat
of one enb%ﬂ???(?ﬁlsufkéeﬁl B eé’grgfe‘?S(?Fm W%Mtén?%‘eﬁ PP&t ?g not so
limted. The.fi i . i St i j ght 64bit
gl stor s, PaEiTtereAs REYsHITEheE HoBlink St HpIERE SRR IAGR Ot DAL

integer format is converted, at step 1224, to at | east one nunber in the
floating point format. The floating poi 1 format of one enbodiment is a
32-bit single precision floating point format, but the invention is not so
limted. In one enbodi nent, the step of converting conprises accessing
roundi ng control bits in a control and status register, and rounding the
nunber in the floating point format according to the rounding control bits.
At | east one nunber in the floating point format is placed in a register of
a second set of architectural registers in a packed format, at step 1206.
The at | east one nunber in the 29



2 6 SEA 2002 WD 99/ 5624 PCTNS991 09472 fl oating point format may conprifs&EP 2001
two nunbers, Ayl the invention is not so linited. In one enbpdrasstesitzhe
.second set of “archrtectural registers conprises eight 128-bit registers,
but the invention is not so limted. The step of placing at |east one
nunber in the floating point format in a register of a second set of

ar chi t ect uFattheegose ensinaliernatepmbedipherd) thgse samanedistess fmaytheeudddoat i ng
point format in a |ower half of the register and preserving an upper half
of the regfststoringshalagintegendatahe i nvention is not so limted. In one
enbodi ment, there are several variants 922-926 of an instruction that
converts packedAdtergrEveerbosimants way icaptatodiffereat sads of registess -Heirt

mul timedi a extension register 906 .to packed 32-bit integers stored in a
64- bi t nul eXafeRlea 2B,AGTRRIBYE PRGPSITBENRAY CPRPTiSe sepatale Fegisterssfortbe Convert

Packed Si | Preci si Fl oat i Poi nt to, Packed 32-bit Int i nst ti

(OVTI  soP Brchsel Beesenipesso eha herIer LR gt ASRRHeTSRtn 11 cant Singl e
i Si fl oat,i i nt. f 128-hi t | ti medi t '

eai ster obBoeg-Tupt SBLrE ERG Bert Rt et e gt 3PP o 88 nt eger s

are pl aPEdsﬂaH.lsain%lﬁH%{ioH}‘Ar{d Egg&cﬂxdeﬁgt%??é% tEALS %fpa%(?‘lof %’éﬁgﬂ ts@?lar

conversi on 1S 1 Nexact, roundi Rg 1S pert orded &ccor dimg 1o the eontents of a

control an i i i.5,t he CVIPS2PW i nstruction
ﬁl\t;é/%% packed hﬁ&ﬁégxi, a;m%a%ﬁé&neaﬁﬁggsm data.

924 that con our si e precision f I ng point nunbers in a 128-bit

mul timedia ext e%h‘?@gfs@&k%‘f%’le R8stk Ofifle0IB0 rhfy BeimpMresed 18tiRfgdei N a
64-bit nultinmedia extension register 904. The third variant is the CVIPS2PB

i nstruct i oif@26nt AAMBERYYEFdeistbBIUn S BiTfHrendiee tegistrsf beptteavatich igunber s
in a 128-bit multinedia extension register 906 to four 8-bit integers
stored in hbesd lieted3 ZFdri dxabipsledinadneceriBo thirherttittel iftagied répit psIinaly beegi st er
904. Ot her possible variants include integer, byte, and word versions of
conver si onimpEmenteddnstoneal? nise mdtile athedetgasters araimpéarsentedttestared wor ds,
respectively . 30 2 6 SEP 2002 WO 991 56245 PCTI US99/ 09472 The Convert
Truncat e Pi¥kligs, sivhegrain pidaB diilsrarensed forstrongfloainppeirtdiaa while onlyeger
instruction {CVITPS2PI instruction) 928 converts the two | east si gni ficant
si ngl e pre®t areowsed myiracfedsiatt. Busmbaltermatgampodimeny; thewutegersegistesxt ensi on
regi ster 906 to twp -biit,signed integers. The two 32-bit signed integers
are pl aced®h %Prﬁﬁl-’bgfoﬁﬁ% bithedi a extension register 904. Wen the

conversion is inpexact,.the resulh}o's truncat;tgﬂ i nplicitl vm'tgat the step
of accessing a fUHE Nl TOPETHS goéBH?FBT % ‘a‘egpaﬁ%PF P ﬁ Fi gure 13
[ fl hart f er t i . f fl | i f t
to a packett TRTEEE? b i L AR CIPRE o S ettt TR T BRERS ' of "one
enbodi ment v, perghbin P}?@!?ﬂén?él bils9P4 QQ%Odr ﬁ)ta %déf%fn‘%ff'u@atéﬁﬁﬂmth%“r ality of

nunbers are stored I1n the floating point In a register of the second
set of archydigel déaked. CONSHES Mitbifad B¢ ke pheforE bub fra9R&ctRsHRadhemnt . four
nunbers are€ stored in the floating point format, but the invention is not
so |im t edreqiieetdd bathal2 patty 2060smie prbeasser esfe@dBMEatthesmareg2hdblissi ngl e
precision floating point format, but the invention is not so limted. In
one enbodi irestfacd haitRwod phetthefpracesbot B4 tor alinifiedi [ @iche 206psinges ei ght
128-bit registers, but the invention is not so limted. At |east one of the
plurality backsidebus 210 The [2lahé A paiyrite o6 timachipsambmegruadgt aat st ep
1304, to at |east one nunber in the integer format. The integer format of
one enbodi fraption of shasperd of the«gss presessar, 208ubut the inyeatian ismatsonot so

limted. In aone enbodinent of the CVIZ S2PI instructiQn, the step of
convert i ngliEutfsh i She L&Géé%%?%OFW®ﬁP§§§%%t rRRII$ES S ARISRY Ot théhd st at us

regi ster, and roundin tB-ﬁ'ﬂnu i t§$ Lot eger format accordi to a
roundi ng mBHETHOE ’éé’togéo ’ttﬁcgbﬁ)ﬁ:lrgicﬁ ‘?T%@ées%l"ﬁ§ THFPES 8 tg‘ﬁﬂ‘gcfp nt of the
CVTI T' S2PI i st ruct.i the s f. converti i.Ses._idmlici

truncati ng#@%nﬂﬁ%ggi?ﬁap?}ees’ %ﬁ?éﬁa rlsg%? géacfueg%c%ﬁg?%ﬁ??geéa ?ﬁﬁlétgbé' node

i ndi cated by the conversion instruction. The nunber in the integer format
is placed in a register of the first 31 2 6 SEP 2002 W 99/ Sfi2~~

PCT/ US99I 09472 set of architectural regjsters in a packed format, at step

1306. The first set of architectural registers may conprise eight 64-bit
regi sters, but the invention is not so limted.



" The CVTTPS2PI instruction of one enbodi ment encodes the rounding mode PEP 100
the i nstru%&ggézygﬁi ch i nproves performance as descri bed abgersdblosrespect
.to the CVT Instruction. Figure 14 is a flowhart for a second vari ant
instruction used for converting a nunber froma packed floating point
format to a packed integer format (the CVIPS2PWinstruction). Operation
begi ns at step ThORys Fttesfterinin 2@ of ané exnbodimenbar@upled & dieed i n t he
floating point format in a register of a first set of architectural
regi st er s processpacree2tbusiag an i date cachsoZBhand anflduwnodecabke 223 reackt ored in
the floating point format, but the invention is not so Limted. The
floating pdivbicharadb kryteneutthsoavertieniisnat splipitedsiThy bl gachasi2on
floating paoint fornat, buh the inventiqQn is pot so ljmted. In ane .
enbodi ment222i35e firstrleveke@chesthat ean pw&g Sata gypae dosk cpalgarsa sachegmit:

128-bit registers, but the i tion i { so ljmted. At |east f th
ol ur al | ty ARAABEEcRTs e MeRRHRYeRelatt s areasy PR sAOm R aRod op
1404, to at t mber in the int format. The int t of
one. brboc HEE PSS BETERI T4 E ST HRTPERY oh TP R ERPTOR ASt hB(oho
limted T.h ' Loent ' i
roundi ng TR S el Phe RN B e O PR e TP PG SRARGRS (e

nunber in négggeéggﬁs%asargﬁma@%@gfyrﬁgx%%_rgﬂaﬂﬂ ,ivOHerU?q{?isg RALGAL gk by the

roundi ng rts. T ersint I'nt'eger format aré’placed in

a regi sterp pHa@ GBRONI) $tiwa2ds %@&&%ttaéq_lz daHe 2DEN The N1&cRRU4RHe f O mat,
at step 1406. The second set of architectural registers may conprise eight
64-bi t regiztRiscedistiutboh ftER e fibstSisBRdd BP thé MstRlktionghledtcher, t he
conversion, each 64-bit register may conprise four 16 32 r. 2 6 SEP 2002
WO 99/ 562a5 PCTTREPId8sbt20hd 208 diregeses loghy espohdible foReinstrikctihs of one

| 28-bit floating point register, but the inventiron is not so limted Figure
15 is a flfevebharandhoprealidtiong gassig ahinstsetdohatreantsy detodiggansirabigond rom a
packed floating point format to a packed integer format (the CVIPS2PB

i nstruct i dn}o redpwedtinsirutéay ses campsitingg (IBQ) instrudiionss, er wlicnoadps;y of
nunbers are stored in the floating point format in a register of a first
set of ar CRRPPHIRAEESIESFMANG Eistesebs apaispatsht execHtioReardisediement, f our
nunbers are stored in_ the floatin int format, but the inventi i s not
so | i m t ecPf MHEOTAPSat HePTPEESIPT FY 78 B8y BivR 2brbRsASRETE% 206 280 10, < ngl e

i si floati int, f t t the inyenti j t imted. |
bne. enbodi REREITEAOIRsp b Tojenfibty i Rkt e Lo e BReesaipiPes of ght
128-bi t i St b t ' {i i_S._not limted. AL, t f th
o ur al 1 1y SPrs ST AR s i Biar KB iitnn e ECoie SRR onthE o '
1504, t : | i : : | f t of
o0 oo gkt 0P BPUIASE R eI ERT ORI BBt al pRET fO TRl O
limted. THe§HSR Lofit. CRAUSHIdHIONRls BReSeHR ARt IR i APSCFEEESBIONT

roundi ng node bits froma control and status register, and rounding the
hunber i n fegivedirtapfuptebqistAaEPpAbfitizbOaRd FOHIIdRGhERERudstsltCieed by the
roundi ng node bits. The nunbers in the 8-bit integer format are placed in a
regi ster obrczessos@dfe 368 fovlexedutivnt ect ural registers in a packed format, at
step 1506. The second set of architectural registers may conprise eight

64- bit regi st erEhe pubdceshe df onermimdiren od as edianiedesi:peFsddlampraresdue
conversion, each 64-bit register nmay conprise four 8-bit integers

r epr esent i pigiltareundrtvengenesil-pupose gatpger pipsdines gng @i pipelingd flaatingbut t he
invention is not so limted. The conversion instructjons retain SIM

par al | el i speiaysfit AdOYINg Fe RiCgessar B exacaite BYP dRiepsr BSEUFHONSr ent . For
conversions fromthe 128-bit to the 64-bit nultinedi a extensiqn r gisters,
the | ower HRHIBNEBUSYoatheaRFOPBISAE Cargissue typ IBpBUSRNS W5y chegk eyl

PC t/US99/ 09472 el enent e.converted to 32-bit integer elenments per
conver si on®TnE FATEH B g‘fﬂé?é‘?‘b?ﬁfoﬂ’ﬁé‘qttﬁgi%ﬁ?%ti ons of a particul ar
instruction are used to convert all four single precision elenents, wherein
shuffling of the operands is performed prior to issuance of the second
conversion instruction. For conversions fromthe 64-bit to the 128-bit

mul ti medi a extension registers, the t w0 32- bi t i nteger val ues are converted
to single precision floating point and placed in the |ower two el enments of
the floating point 128-bit multinedia extension register; the upper two

el ements of the floating point 128-bit nultimedi a extension register renmain
unchanged. Thi s approach of passing the upper elenents through intact

provi des greater flexibility in the nerging of new data with existing data.
Mul ti media graphics are typically generated by treating an i mage as a
collection of small, independently controlled dots, or pixels, arranged on

o,



" coordinate has a correspondi ng col or value froma particular color rngcf\eﬁp 2&02
34 WD 99/ 55@Am/5é246 SEP 1001 PCTNS991 09472 col or nodel is a speaisbdasara on
. of a 3D color coordinate systemand a visible subset in the coordinate
systemw thin which all colors in a particular color gamut lie, wherein a
color ganut is a subset of all visible chromaticities. For exanple, the red
(R, green (Q, Figure(By a dwdlslatapifdlined88)ofianetdrabodinnentulidtrenbset of the
3D Cartesian coordinate Sé‘qsatem The purpose of a color nodel is to allow
conveni ent SPRECITERES BAY 6B VE NP PhIyAdhan Fyp pipetines. Thee fkeB
primaries are additivye rigri es .in that the individual contributions of
each pri mar YCHFE RIBREFIER FRAS E*t?n‘y’rwpa 30Reand the sespnddpgip! PIRgdSval ue of
each pixel in a conposit mul i ia i i s,.conput ed .fromthe conponent
Cmgen o soheTEadmAsane Fapihe Se s ugng FROI FURE BTV P ORI, | mge
are given transparency . valu I ddi i aon t he. val ues. The Lue of a
el 1t neSEORRIER Bat g 12 ARk et el Rttt et s O e
foreground i [fﬁ%p@f 3l Ojilt v s j Chr.case

t he val ue i éﬁ?gﬁset%%?’ reg%aﬁﬁge_ or _engglEIr?lgﬁi' ﬁggetag‘f‘h%%c} g"r{el{,é %sﬁ ’g%ylﬁ%fagelpi S
produced, C?é’ﬁ(]’)?;%‘sl nsib@é & ggitr't@!& ﬁ@nh‘éﬁ@rﬁ!&?ﬁ? ﬁﬁxtti ?fraéh?&?@isgﬁe@?éﬁ@ Bt ed

w th each pixe the 1mage is glven an al pha va representing the

coverage of gﬁﬁ@S@l&?ﬂno‘ﬁ%Wﬁs'ié’sueﬁ% tAB V-BRse3(4) afvHeh ihotrhesone the
foreground el'ement of a conposited image, nmany of the pixels are registered
as havi ng cexeffeth #er v@piped@P2:304, tHeaniseaiast is the saime i ifeedy, wakd ch
constitute the inportant content of the foreground i mage, have |arger

cover age Vvalknesuted gequosritiajlyorhe piodsessor enideo-aathiteeturengniprisesithasonabl e
fashion, the alpha information is provided at each pixel of the inmages

bei ng conposolimaingssiagdsainsahumtignprefettin 81 (EBstrattiers festh 3h2,iinsigectidrere i s an
al pha value (A) encoding the Qoverage of each pixel. in nultinedia

al gorit hns, degedingapairingl reéhdispripl 3d4mdsiressigenerationy 346 faparand regd/s. One
possi bl e way is by executi ng the sane gperations on all e|lenents of a col or
pl ane. Thi s 2pEEEMERR 1% aadorvgighask#g0t IRstrustinneeqosts lggic derodesEp 2002 WO
991 56245 PC %9/09 72 for, an inmage in mem)rgéf by stori.ng the irraege by

col or plane$ 8% @BALFSHes 1he Istryiong at 3 FARIHE & Fwo i e
addresses in ey, all of the G conponents are al so at successive

addr esses, ﬁ}ﬂ’f scé’c%n for the B and al pha conponents. Al of the conponents
of each col or pl ane of i t.,.have .t ratl .nerfo d on
Chem Wth a1l of BHS 45 NS IHRSENERE HORG RO SHECR Y i Seses,
it is easy 1S SR [ . i i D access,
and simlar kgotgégggrrécgﬁéﬁgéscor réelgggfrt\%é%p? gﬁlr?&gf%ﬂr%ﬁ&élo‘?%ﬁae ai p%ﬁa{t pl ane in
a singl e MemRAYr @&LAESN 5 TIRGThdR, BREPAICHdr RY ofeledibdtiatgtand using
mul ti medi a extension technology to conpute in parallel on four el enents of
a given col eomiprises tivdek pagalldlidecbée X filOekedutivh pbortslots apaanth elrgem A
second nmethod for exploiting data parallelismis by executing the sane

oper ati ons dmffelr(BTB) 402 withridatentnés, dopr 3BbytelWwirite baffeesi404) aclkey 0632-bit
organi zing the information for an image in nenory by storing the

i nf or mat i on sedleutegistets 41dngsetsaf dight 64-hit refisears dd,or se mfeogierit28;biR, G and
B, and the al pha conmponent, of each pixel are at successive addresses in
menory. | n usulignedie extensiorentigistesstdds and atrettmalteagybullerc(REhddg. dbeess

t akes the RGBA conponents for gge pi xel and executes, in parallel operations

on all the ek t¥eheldsphistoryp @ﬂ@eéfh%tﬁéeﬁ%iﬁp.reﬁcfﬁEﬂéﬂgéké&rrpl e of the
crfolailon bt i3 pecsL e o L el Salt g pralles
Poordi nat o CPSERCRYE AT Preper et b0y Sod HE-SRR A e BisPledledonle” ce
Tt pre oi nynen i SAhE R R BBl Babal ELRHCAPEUIGRNGTOR O o,

}‘5 ormat. One ARAKGAtRM ©B5elid?eke BEI@Ne obiHe Ban¥hi $He RYB Adb/@RYi on is not

17



2 6 SEP 2002 WD 99156245 PCT/ US99/09472 | inited, uses the conversion L6 SEP 100
instructiop JoRk24she paral l el conversion of lighting functi eerdabsaodsm 3D
.graphics. Figure 16 is a flowhart for the lighting conmputation in 3D
geonetry in which the instructions of one enbodi nent are used. Operation
begi ns at step 1602, at which a light intensity is conputed. A light color
val ue i s compdiegredict sttapn add4essenforgarohedheres ¢élxat akbealled fitons diffarentl ue i s
converted froma floating point format to an integer format, at step 1606,
wher ei n f larationg ipeiegesgiohor val ues for red (R), green (G, and blue (B)
col or conponents are _converted into integer values. Figure 17 is a
flowchart for #sePTexieHdlediscysed berindhe RIPegspPecappoises/ iy @ exedutiom a
single precision floating Eoint é@rnat to a specific integer format of one
enbodi menpipeigesatiiedd-nieg A3 and thedrPin®304. athesgipipelin Oddipesatieor
conponents in | ogtin oint format  are stored in a register of a set of
128- bi t ré};PéE“’z angﬁﬁakg Fg%lftai’hanﬁéff?ﬂ“%{%e PgUEttBrf%P INStTERRONSEVEEY t

i in, the packed f. . h .of .t he. col in th
[ oat ng. FIORKEIFIE it drriPE g arine b Rt 30 i el Toanh ardes Bur'n an
OO AR baffrs ADEP FAARE DN HAEERS A W B RS belifiE s 01 B 20¢
. ast o ror aser of : ‘ (The
Lol o0°T, o nBlerladpatSetaliBng. \in Bfisdtiving Afle Trblessoblddfs G RO TL: The,

the nunbegpgedtiddiaitd mmﬁﬁ%e I;ﬁﬁ@&o&wmﬁgéta%tdeeédé_ﬂe-x'akﬁtias&,%irﬁt ers. In one
enbodi nent, the col or cofponernts in each of the registers of the set of

128-bi t rogitebetle ASRIIREER] théaréesssoh chil exeaite ntidtiple RisBRtiohdaBhedl t ernat e
enbodi ment, the col or conponents in each of the registers of the set of

| 28-bi t 1 egrneltithe, daehrifsediffeeonixec0fipnBRIges Fohekamele, ihmednsel@iorof a

pi xel . In one enbodi nent, the CVIPS2PI instruction previously discussed
herei n i scoskibd i thenpvefétch beagepboe it depudee bhe in Bx¢dhidn, aadiorng ipoi nt  f or mat
to color values in an integer format, at step 1704. Figures 18a and 18b are
dat a 37 SuUBHEbIKEASIHEETIOURIY dispeysed tergingprrallpd praf@sgiggs6hdrein a

PCT/ US99/ 09472 fl ow di agrans of the parallel caonversion of graphic color

dat a usi ngingheinstrretpp opesates fit Mevtiple eleraeniss date i oftemrafprred éardodi nent

Conver o1 oinHle SrpH O B APIB DAt GIMIBL L val deb. Thi o i & necessary because
Loating poi nt THeRE pbeieht i FaRrA s crabo e iy Byrpsopr
et - anaparile Er8b8Bin wiRa Elal iiered SRp kA EaR PosERecaN HRiib 02" 1804
of a |28- Qie&n r?tgi? Ea..xf'flg@ph'gcégsrbsetneﬁﬁaeﬁ?ﬁ&% n§¥ﬁ :cé)eurwg'&e_s%a' the

i nteger formai. FolTow ng thi's step, ird an I't” col or

val ues 1806130 1t Rl n CBRHVIBES bRADLY 8201 ab e Afinfidia ! €01 Ster XD
are shifted into the lower 64-bits of the 128-bit register 1802-1804. The

third andafgyithths32Fid 64-BRIreEistélsuas raaebe amppedest ditskAionto @nd fourth
32-bit nunbers in the integer format. I'n one enbodi nent, the aforenentioned
steps ar erggsfers 454 Burtheaorerafort Biree s 2Bnited. Begiust ehe 64 Wie)iidzs Wher ei n
one 128-bit register X~i MO conprises data for a Red col or conponent of each
of four p#i@kse a paet df2Belfldatinggpeine staXé/Nhereoismoi rene stide.aWen the@ddrh col or
conponent of each of four pixels, and one 128-bit regi ster XMV conpri ses
data for aegbsiess 410 are ainspdrmenio thé 32-ddtscelarfregistars 4&4,9n aAgmessirigghenvent i on
is not so limted. In an alternate enbodinment, a fourth |28-bit register
(not showaliased registers, seultimedip axiansionsirucsipng itArpret thrudatgiagel s. I n one
enbodi ment, the step of placing, step. 1706, conprises, placing the first and
second 3299%84?%5%13%8&231‘89&&%ﬁnéﬁéoaqﬂséa%mt fRStTRAtiGns dRfespPret 128- bi t
register XMMO in a first 64-bit _register MO and placin he third and
fourth 32587 dalrdethe Terdiors part 65 floing eoln HpRer oot FRPqH L,

128-bit register XMMO in a second 64-bit register MMB. The first and second
32-bit nunmbers in the integer format froma second 128-bit register XWML
are placed 38 SUBSTI TUTE SHEET ( RULE 26 2 6 SEP 2002 WD 991 ~6745

PGT/ US99/ 09472 in a third 64-bit regisﬂ r MML, and the third and fourth
32-bit nunmbers in the integer format fromthe second 128-bit register XWM
are placed in a fourth 64-bit register MM. The first and second 32-bit
nunbers in the integer format froma third 12S-bit regi ster XM\ are pl aced
inafifth 64-bit register M2, and the third and fourth 32-bit nunbers in
the integer format fromthe third 128-bit register XM\ are placed in a
sixth 64-bit register MV5. In an alternate enbodi ment, the first and second
32-bit nunbers in the integer format froma fourth 128-bit register (not

o o -,



"the contents of the set of six 64-bit registers MMO-MVS, wherein theZSSEPmU2

mani pul at i on, é%/aggzéss in each 64-bit register conprising the cetpUs99/09472
.conponents that” dati ne a pi xel . Specifically, in one enbodinment, follow ng
the step of placing, step 1706, each register of the set of six 64-bit
regi sters MMO-MVb conprises data for one col or conponent of each of two

pi xel s. Theisehatrtbe mhkirsedip exterssore sthngions thewe h¢6&s tothwpeighes a | ogi cal
conbination of the first three registers MO M2 of the set of six 64-bit
regi sters, débcated 64Hut wgistersadilm adsditibngoitne aighit32tbit seaba megisbers Hil4.

regi ster 1850 conprising three 8-bit color conponents for each of a first
1820- 1824 and a Eeesmackeddatmtpesiand a 64vhitrauad-wasdtare defisedifor thel Gir
conponents define the color of a pixel._ The contents of the first conbined
regi ster 18BbregiEe A0S anngmpedinent hagh elament withinthe pagkeshdaten of one

nbodi nent | t or.mi i twise |ogical OR 1899 of the content

of ‘the 11t SUPRMS e REISIBHRT e gibebFonirdigi Oe alace afhe PRER | on | s
t limted. Th i twi l,ogi cal CR,i pst. ti f i twi

ogi cal | OR BROBSR Qe BN Rad 3tEPRarTl il Ko SeBE I BrBhalide (RuLE 26)

?ﬁﬁ e to CReaadeh TR bl RS T B RGBT D EBaRR el UG ¢
bi twi Se. | ogr Al PR e TR ks SRAANR Erlinbrdlt PRI ondtoliel' | 7o

operation l%lﬁﬁq—ah 8 ofQRhfRts of the third 64-bit register M. The
result of these two Fogical operations is a first conbined 64-bit register

| 850 conpri sing Wﬁﬁb&rEth&@|m0 conran packed,ffoledepsint diteger dat! EhBRO- 1824
and second 1830-1834 pi xel. Mdreover, a |logical conbination is perforned of
the second ¢hbitenulegnedieestdrigboriddgister MidOM D tars by dirkctliy tadidegdsed drys

MMO- MV, wherein the conbination results in a seeond conbl ned 64-bit

regi ster 18&&igmating s registehnemetinthe insthacticrenpyitbntegafdto mgidtendccass, hi r d
and a fourth pixel. The |ogical conbination of the second three registers
MVB- MVb of theee eagistelisneiMO beposngmridomiancesa registars,ghhbigi thely abR of t he
contents of the fourth MMB and the fifth MW 64-bit registers, but the

i nvent i on iBotrAsressed Vidrp stagk mnogek ag ey lasgvdth telpatingrpairgdnstoneiansof t he
result of this third logical operation 1897 and the contents of the sixth
64-bit regi SEEHCRRRS ﬂﬁgp?‘ééﬁﬁtm%ﬂw%@g%f%%@ie bib 2% regigersdi4 second
conbi ned 64-bif, register 1852 conprising three 8-bit col or conponents for
each of a tiM3F SR GPEW5 xel . The contents of the second combi ned

(o9 ster 1852 are. gl 8600 (LA ol SLe MR AN S SIS AR
pi xel s, meéﬁl&ahﬂﬁs?ﬂ‘(@cL{s%rIHh[H:ﬂQdi%‘&ééns‘i&?Eédﬁ?Ié@?h&%‘% {}ggﬁéiﬁ bi t
registers w conpri se transparency data for e ¢orresponding pixel. In

one enbodi NRBtstedsE SV TERAMELRIEL UEE HANeRbRVhAUS YA SGLRI6N FRRRRED 1S

used to convert the col or- conponents in the floating point format to col or
val ues in apoinbt@gsrers MINTBIMMY cSthPRisindIdackedddite Sarldaigh dediSeras@ tHat a

fl ow di agranms of the parallel conversion of graphic color data using the 40
SUBSTI TUTE SHEREcilRidgifteys 414) vhitkicar @ 41s¢@ {0 Bi2eron Pepératinnd (ikd 72
CVTPS2PW i nstructi on of one enbodinent. In this enbodunent, it is necessary
to clanp t haddmbsingaiooplatiohgompaiynothepeatanosnieldtion. conver si on of graphic
color data to 8-bit values. This is necessary because sone of the data

mani pul ati ons woMemhaeryeadeinteger negistersoperptiens stppow the omvemergsif siatalat a
was greater than 8 bits w Using this instruction) the step of

i de.
conver t i ng, batnesnthe #4-hitragistersst I0AR e gt sgrlan pegisterc Bl 4T BSHBMent s
1902- 1908 I,gﬁat, %lar}gg §8-bit re%i ster XMMO to fﬁr,16- it nunhers
1912- 1918, oReeoPHr f’% HaREmOTY Recesg AUBPPTigdhe (PR ff0is Ys§adRe
enbodi nent, the afor nti teps ar erforned,f.or eac f, three
T28obi {1 eoPEHSTEIAAEAPRE, e hoBh EeRSlsTo I S e E5€ Gmts HRETS es
data for a Red col or conponent of each of four pixels, one 128-bit register
XMML conprises data for a Green col or conponent of each of four pixels, and
one 128-bit register XMW conprises data for a Blue color conponent of each
of four pixels, but the invention is not!%o limted. In an alternate
enbodi ment, a fourth 128-bit register (not shown) may conprise transparency
data for each of four pixels. In another alternate enbodi nent, each
regi ster of a set of three 128-bit registers may conprise data for the

col or conponents of a pixel, and each register of the set of three 64-bit
regi sters may conprise data for the color conponents that define a pixel



The step of placing, step 1706, conprises placing the four 16-bit nunblef SEP 2002
or color components, in the integer format in a 64-bit regi strysbbpselore,
in one enboMEM**%a first 64-bit regi ster MMO corresponding to a first
128-bit register XMMO conprises the Red conponent data for each of four

pi xel s, a second 64-bit register MML corresponding to a second 128-bit

regi ster XML F@iREHASEe, the prb@BHoCRsIAREU-pitt 307 R tRAGRroObe R Bl

pi xels, and a third 64-bit register MM corresponding to a third 128-bit
regi st er XiMRodrlarBRiltidia Pribbebsirigliftazfaths. 2 6 SEP 2002 WO 99/ 56245
PCT/ U89910947§ conprises the Blue conponént data for each of the four

pi xel's, but theThevestriotionscaroésppodingitd b 64Fbit regisferod1opeatd inng, step
1708, generally conprises nmanipulating the contents of the set of three
64- bi t r egpatadles otvhe ek ked/byteipacked wrad| padked doublewotd, anidnquadw6dd bi t
regi sters 1998-1999 that each conprise the col or conponents that define
each of twdats types parked irtodinbitregiaters.t Tee packesubyteidate typemonspsashe

| ogi cal conbination of two registers MMD-MM of the set of three 64-bit
registers Mﬂbfmlse%@mcm"ﬁ%%m natbiregistarn pseight glemends PAVL and a
second MVb conbin 64-hit, register. The first conbi ned regi ster MM
conpri ses 8PETAN&k Pﬁg‘seéchHgd $2f7 IYRETBRPHSTIOHE RPACkest CaRBEFHEYe o first

and a second pi xel, .and the second conbi ned regi ste C rises a first
and a secoXtPT8SH} £ %%?‘gfe%‘ﬁ??ﬁo‘?feﬁturie 2, tPeBPgSratrﬁ{'r%\égPﬂfiﬁan ourth pixel .

A third conbined 64-bit reqister. S nerated by perform ng an_ unpack
operation %Egﬁ%or:éhtgaﬁaot\)@g Céé‘%ﬁ%fo R%Z(e? ﬁlgpﬁe%lge(’ icﬁm}"geg\”?f‘g"? I\ip,
wherein th hird. i ' l\%e ' [y .t col or
conponent oibleelgeghﬁ%;%trﬁgﬁélrggteagsﬁées c5%§%%§%33ﬁ$gﬁ§% onbi ned 64- bi t
regi ster MVBriss i | on the
upper 32 bi tsPg#sgtgﬁgég%ﬁgd@éz@g%%?&?%@?eméﬁﬁﬁéﬁtéﬁg#gﬁ'h conbi ned
regi ster MyBeGRTRRHERS Perfbirh digheldl And Qhoigned APORRRt 18 'cﬁﬁ%ﬁcl@h the third
and fourth pixels. Specifically, in one enbodi nent, follow ng th§ step of
pl aci ng, stAA uhfMACkirgaePeratigins berthefdatd eypeciowaid drivse Fubthebinbreé, @gé st er s
conpri ses data for one col or conponent of each of four pixels. Therefore,

t he step oinstastivbkialipw $dreqatirdidn aowpap-assurtde saetle oedisermhtdi ng resul ts
for the Red and Green col or conponents of four pixels, the step of

assenbl i ngundsuflosv fenditionsBlTine ivstroctionapfomergrsbodinentcopipridedVIQNQ, t he
step of pieci ngﬁ;to ether _the Red, Geen, 42 SUBSTI TUTE SHEET (RULE 26) 2
6 SEP 2002P@AR, £ PENRBOY ootreztigns Bhe MY senction gransfars 6ho
64-bit registers, wherein each register conprises the data for the col or
conponent s bithamang thedimss sat offmpligmgiapdensipn registsroandameng| tha dirsthe

lts f t d d & | o t f i xel s, i
per or m ng =2t & 0 IR eHBLPEAT SR FEFSLH1S B0 ARERPE oF ' RO FFEEHAD and second
MM  64-bit i St .of the.set . .64- bi-t i st . Th | t ant
oa-bi 1 regrarer rbet EaebA TSR SR itk sEPoBrElinsd Conponent o
wh in f =hit i : I t of
each of f ofr et e T B B e B T T e
col or ComPagiaRll @{%8@?& akhts ' q@i&@é&dﬁ%%ﬂ@ﬁkﬁ‘é%f‘rﬁﬂlﬁxﬁe&f&t SO

limted. InOne enbodi nent) the contents of e resultant 64-bit register
1950 are spgdnkidt @gidterfs. tTree UNTACEAinbirtici6® iritbAba ¥ 04 byhﬂdﬁgtor@f three
64-bit registers. An unpack operation (unpack | ow fromword to doubl eword)
1952 is pebperdiriifrom bhe re@wiir 28 diid Sp@rant ifor @sddrie@pbndihglivtatiwgirst er

1950 to produce a first conbined 64-bit register MM conprising data for
the Red cohaotteonpgisentarahplacing ttherparehds caigromeshy irod regasthr.ofFom fi r st
and second pi xel. An unpack operation interleaves data by taking one

oper and fr exampée, ragi BIRAC ohemnsprarctind placeamtiae bighr epgyandiofigntocati on in
anot her register and placing both operands contiguously in a register. An
unpack opefregirien andritpgdughioperandal anetier A aprENHIEYNUSOBYA registerf B med on
t he upper 32 bits of the Wt . 64-bit re%ilrster 1950 to p%‘%d;éce a second
conbi ned 62NEieMBYMa 2 6‘2‘{1{ PSTFIEROPF S PR 380 OP8T 8fponent
and the G een col or conmponent of each of a third and fourth pixel. The step
of assenbling the results for the Blue 20l or conponents of four pixels
conprises perform ng an unpack operation (unpack |ow fromword to

doubl eword) 1920 on the lower 32 bits of the third 64-bit register MM to
produce a third conbined 64-bit register MVMB conprising data for the Blue
col or conponent of each of a first and second pixel. An unpack operation 43



" SUBSTTTUTE SHEET (RULE 26) WD 99/62.i5 2 6 SEP 2002 PC f/US99/09472) 6 SEP 2001
(unpack high fromword to doubl eword) 1922 is performed on the4pg 2
bits of theY@&PYHE2-bit regi ster MR to produce a fourth co%gi nedelggf;bit
regi ster MVb conprising data for the Blue col or conponent of each of a
third and fourth pixel. The step of piecing together the Red, Geen, and

Bl ue conpongidsouire tegistet wnd Gdndii-tercegpertnt Irofl 3809 o 6 REREEEES A6 f or M ng
a first logical OR 1924 of the first MM and third MVB conbi hed 64-bit

regi sters tplaggsdshtheoperandsin tijeaphrae regiitet of tht 28 @petandr f orm ng a second
| ogi cal OR 1926 of the second MVb and fourth MV conbi ned 64-bit registers
to produce a secBmipipcpirarciEggciues cafpsinghbel28-bit gnhimhediareagérstien 1998
conprises three 8-bit color conponents that define each of a first 1930 and
second 1932egistass 4171ed ongcompdjmentifurthegacretarateg perfoonpniesefs3Phr ee 8- bi t
col or conponents that define each of a third 1934 and fourth 1936 pixel. In
one enbodi r@8APhics R PigrhepPRver e Lt Myl tisnedin sytengionitecnalegienedden i s
used to convert the color conponents in the floating point format_ to col or
val ues in &@§SPHd e?r%ﬁmwséﬁogé]‘éwiwq%ﬁ&@ ORgEAE D DY Packedat a

fl ow di agr of the parallel conversion_.of graphic .col data using the
CVTPS2PB iﬁg%'FBWtéﬁ‘t%h?eér%C}é‘&%ﬁB ?‘“&Pﬁ%%%i%@‘ﬁ‘?f‘%%@%e step of
converting,_ st 1704., co j. nver. t i four 32-bit celqr co nent s
2002. 2008 TIPS EHt ’éhel‘i‘gig‘ééu‘?g;e‘éﬁgts °e¥‘$‘%%%oc§%‘efa§&“§9%ei foahing Bpat

2012- 2018, : o1g1sTo] ' - iSH $7s88:: MY .one
enbodi nent tﬁgajzli osrgment :agge eé%tgp?g‘ %ﬁégggéﬁlgglngﬁ%r ealg#aé three
128-bi t regixpdRicn XAEMM XMMOWEINGT theRdy P8 vilihg HROD oA mMMR SR | ses
data for a I)Rged col or” conponent of each of y%%%rv pi §<el sg,) ne 128-bit register
XMML conpr 'tﬁ@%bﬂﬁ?&of@veﬁ)ﬁlg@mmk Sha lCARIRE P miR palidcdsifflef Précisibrxel s, and
one 128-bit register XMW conprises data for a Blue col or "conponent of each
of four pixRiaSingppbirithad iRt dat. | Burthémseérel ir¥trueflond dredntratiueedias e

enbodi ment, a fourth 128-bit 44 SUBSTI TUTE SHEET ( RULE 26) 2 6 SEP 2002
WO 991 5624 5oRED] OSS0UT Df pagked Eloatingtpaihbdath and)integepdase Thesasear ency
data for each of four pixels. In another alternate enbodi nent, each

regi st er ofinstreetions cernpeise fixgalttlity toesiream datariyjo bergighs@d-tit a for t he

col or conponents of a pixel, and each register of the set of three 64-bit
regi sters rmaylttoapia exensien registernMMBIMME ang irgight 128akit aryltimediapi xel .

o ol of cGHuRRRR S2epirTt EOYRPLURE vt ROl imeAbE acheBgMargPYeThor of or .
126 b1 11 egPETR A0S AHPLSE th DR (e BRI (Rt T Bis SSRg f our
Feqi ster XN Se i Foevied e iraes Coridtearioier il Reluh R buber ooy
Pegi ster xuibeiatish 8530 deoh B PAfd ePhiCr HERRRNM biod hElng f0 ™!

pi Xl 5, _DUlarid¥hd AMEIRhAG bEvidRb RokirE dktldedhiing! ep of assemdling, st ep

1708, generally conprises nmanipul atin he contents of the set of three
64-bi t regi st er S\ dnbbodimdie tiei Singhelnemicabh Mbleiple Batal (SBMD) two 6~- bi t
regi sters 2098-2099 that each conprise the color conponents that define
each of twaeghnigue.is Used it el rdiemeioh, is hbe sortinifedl ats previmmby diseaissdie

| ogi cal conbination of t<vo registers MMO-MM of the set of three 64-bit
regi sters NidieiviyBhiswhelusigne speedsarhsofivaomperdsuharseiby protessatg Mdtiphel a
second MVB conbi ned 64-bit register. The first conbined register MM
conpri ses aldthesments in paedieldugngiatsingle dnstrestivon die 128rbitmatltiotedaaf i r st
and a second pi xel, and the second conbined MVb register conprises a first
and a secorRKt@RIIPR registars A bhEHPROT OPeFatiasIPropacked Ringde RIRFIAOR A\PatiRgpi xel .

A third MMB and a fourth conbi ned 64-bjt register are generated from
the | ogi calPEBHERRLDISS ﬁl\g\@ﬁe&f%if%s’é?efww PHPHYTEORERIGRS Hrpééﬁ654- bi t
regi sters and ourth 6~-bit register 1910.cont ai,ni | ogi ¢, zeros. The 4~
(6 00! So54 el dhtslnpendr b st pd Yettig ek e oi®%r Me
conprises a third 8-bit color conponent for each of the first and second
pi xel s, and the fourth conbi ned registe?lhhﬁ



conprises a third 8-bit color conponent for each of the third and fodit$EP 2001
pi xel s. Awl %Isf‘gg conmbi nation of the first MM and third MyBTagshéaed
.registers Pe2aft3 in a first 64-bit graphic register 2098; the first
graphic regi ster 2098 conprises three 8-bit col or conponents 2030 that
define a color of a first pixel and three 8-bit color conponents 2032 that
defi ne aam®ioath ¢f usedbennse pioseBD drabbiiscald dientail BiahkhDBredesting second MVb
and fourtphI@IMVB conbi ned registers EIrq;egII}I ts in %ndsaec%?d 4-bi t gr aphi c

regi st er (SY%prlivations bave ghaphiecistiegcanpris2(othecfolipwiings irithereat!- bi t col or
conponents 2034 that define a color of a third pixel and three 8-bit col or
conponenparalieBévideat yrefic mange, denoe floating fpwimt baseidxedgulamand red t er nat e
enbodi nent, each of the conbined registers may conprise two 8-bit

t r anspar @Yring MONOnY scqesy pademsolocalized ta-peayoing operptigns s, and each of
the graphic registers may caonprise an 8-bit transparency conponent

cor r es poPERfAYNES oBdER ‘Ia?éﬁéégaﬁ@dnSPR@I‘de%}f@BmI é@W-y, in one enmbodi ment,

fol |l ow th t f placing, 1706, h i St, th t of th
64-bi t 1ogi ot BT AADIIRENEUBIE AE A Bereat P SOreE RPN of each of
Stop of SYDURBS RECTICEH SRl i AR e D e RRRSa B of 1 our
ixels, th t f | i I f. t he Bl I t f
Pour pi xeseietes Mo SORE R AthckP g 2B 3 oty Te Aot dm Ba i ue
component .81 810 L8 i e bRGh A ZAERI o iEEeL> RACh regi ster

conpri se at a ol or conponent's ne each of two pixels.

The Step%é)ékea%ﬁ@@#@asmwaefrg bSint egeﬁab\@, Eﬁ&iﬁ@ﬂl REBXHHQ nponent s

of four pixels c i ses perfo ng ah unpack operdtion (unpac ow from
byte to c@)or?ﬂ@ﬁtiﬁc%pbhﬁ rigfbersf buothetiRfertids is MdddoAnditeaconée 46 2 6 SEP
2002 WD 991562.15 P US99/ 09472 MM 6~-bit registers of the set of three
64-bi t regredpohdind/hiiithedTdexteasiohtinstirubdont dccespihet108-140 béicenpr i ses

ei ght 8-bit nunbers, or col or conponents, wherein four 8-bit nunbers

conpr i sedlfaddedtbr using rRgidtet alamesc buptireanvenfior échotdo fimitedpiRed R28nd f our
8-bit nunbers conprise data for the G een color conponent of each of the
four pi xeit segibters 42 maybentsedrioiperfam salchlationedn dataone enbodi nent, the
contents of the resultant 64-bit register 2050 are substituted for the
first 64-bit Tegrealarume systarnor@risgs thaeantisumpiaf reekppembess MVO- MR, An
unpack operation (unpack low fromward to doubl eword} 2052 is perfornmed on
t he |ome§oerznwe%utﬁmf>h@ plus imfinity. Bacayse the gizepad mumber of prgieteee a fir st

nmbi ned_ 64- bi [ M ¢ i Si d f h d I
and 1 he EALRY COMTELRILREIR TR RaLPTTy 3 Par et SR TealsbumPR xol AN
Kk ti hi gh_f tQ..doubl ~ f d
ne. uppetorg s cofiRiath S A RbER I Rk e StpsetotPafiice Ta second
e upper” ¥2 BTG b :
nd t no ROAER AR AL B AIRs S B Broslhed e B iaRlan P EIC o

of assenfd H&Q%—BH&H&% Steh, b f(atr% a@Id‘?re%%?cS’rI OFREPF%%%IBT]EII}MEt R xel's

conpri ses performng gn unpac eratio unpac yte to word)
2058 on HERreMUERY $héforhide thav thd pdcdisbr ﬁ%'téﬁ"@?r@@ﬂt feall Plmhber4- bi t

regi ster MMB containing |ogical zeros. The resultant 64-bit register 2060
conpr i se¥ofiftreadd thietspeudand effitiahcyasrdabauticier cbﬁ[pﬁtbﬁoﬁk,uﬁ)rﬁﬁﬁmment of
each of the four pixels. In one enbodi nent, the contents of the resultant
64-bi t regiistlbrrep@6serareal swinshers um edihary fideingipothtGdrrbat. Iredhiist er MR of
the set of three 64-bit registers MMO- M. An unpack operation (unpack | ow
f r om wor fbrirmtdoresl ewonbBr 26 dhrdeparts: Asigread sagnificand ag2xponenibf the
resultant 64-bit register 2060; the result of the unpack replaces the
contents of tHiguredyisia Waany floating-peist fpmeat JQPepsedrPy He 3128abith 64- bi t
regi ster MVB now conprjses 47 6 SEP 200Z WQ 991 562-is PCTNS99| 09472
dat a forn‘thI'@”’BId&féeE@F‘é’P“(fSﬁ‘ﬁEﬁIéﬁ’? ope emhodigent SPrRALce Bi xel . An

unpack operafj n hi.gh Om word to,doybl ewor d 064 i,s perfornmed
on the UWQBI‘IIQQ%%Q?&@%H%III)“%X-"BI‘F I;I‘t?él V?‘é?é%ééﬁnflg‘kberrdﬁuce a
seventh ... 64-bit register MM conprising data for the Blue col or
conponent of each of a third and foul2h pixel. The step of piecing together

the Red, Green, and Bl ue conmponents to

—-—....,_...



"formtwo 64-bit registers 2098-2099 conprises performng a first IogizcﬁfaﬁsEpdﬂn2
2070 of the first, MW and third MMB conbined 64-bit registerg-ispygdice a
first graph‘l‘?grwé 3ter 2098 and performng a second |ogical OR 2072 of the
second MVB and fourth Mvb conbined 64-bit registers to produce a second
graphic register 2099. The first graphic register 2098 conprises three
8-bit col opositinp@)antreghtiat (Heflhesigaifitandl 586Hat $ivod93es: andb B eeedry 2032

pi xel . The second graphic register 2099 conprises three 8-bit col or
conponent siritégdr 508f alae refaredad aa théj-bit; 2084a birchri dractionZ186 Ipiotedr. Wi | e

t he present invention has been described with reference to specific

exenpl ary embodinventssthei]tbitb08 ishetexptieitly tepaesented, dug instead icat i ons and
changes may be made to_these enbodi nents without departing fromthe broader
spirit andigphbedkvalue: Ideiexpeneni¥Dias adeinatpintegenthaheepriesents thetbaseri ngl vy,
the specification and draw n_crls are to be regarded in an illustrative rather
than a resPPVEF i Whidhthe sigryficand g0&EsTa0%05> \Waat is clainmed is: 1. A method

f [l el I f hi d h ) i Si h
o+ Sroring a" pREFIAE mam Sy GHe SoBao P IKd it ARG BBENC format 1 n
at Ieas_t ocne regis er_of ]a set iof ﬂ12 -hit .rggis ers Jgg l&% b acked fornat;
conver t i ng“tHE™BF PEB OPTEHT O FOSHPERANT s T PATT | 3¢ g gi‘)f”ﬁﬁ format to
I it f i j . : i . it f
rumbor o 1 rbeR Bl 137, WAFER il S BEI RSN PI b off, |
i st i L |, f h of
o tral Vi 6e B Sl MR bit (RSB RCRED Rl B B AR et

in the at Wéﬁ@ﬁé e@BSdIrREAH Ve @hsériifile ﬁtengg?bscfdré%%ﬁe infhe The net hod of

claiml, erein the col or conponents in h of the at |east one register

of a set obrde?Braistlitl@ehsiafl that &)tk BtesuAitHeRe IdWwbNEd 8RRBesHIL MssP! ane. The
nmet hod of claiml1, wherein the col or ctonponents-in each of the at | east one

regi ster osf,iFajf&eht tHan1th8 blyitds withi the dighereqtdaeeds. col or conponents t hat
define a color of a pixel. 4. The nethod of claim1, wherein the step of
converting conpRegasingeegistepdatf formats; aatuesgnfthe 3 28-ditdmsdbtimmedia32- bit col or
val ues located in the lower 64 bits of a 128-bit register to first and
second 32- extensiontregistershayethesamye fortmatrasta 128bit quagtitthin thearmtyt our t h
32-bit color values |located in the upper 64 bits of the 128-bit register
into the | dwerd#®aasress mydastiae sppported, @ 42&bitraccessanedawadtd $gbithe third
and fourth 32-bit c%or values to third and fourth 32-bit nunbers in the

i nt eger f oR¢RgES ModeTht therAyentn hsuaqtrﬁod}m%ﬁéréfhﬁGl%%rf%oré?smnééi ng

Compt1 se5 Hheet PheiaR R0 Dight iRk RSt 2Rl b BHBRER | e
of the significand is encoded. The integer is assumed to be one for all numbers
except zero and denormalized finite numbers. The exponent of the single
precision data type is encoded in biased format. The biasing constant is 127
for the single precision format.
When storing real values in memory, single-real values are stored in
four consecutive bytes in memory. The 128-bit access mode is used for 128-bit
memory accesses, 128-bit transfers between the 128-bit multimedia extension
registers, and all logical, unpack and arithmetic instructions. The 32-bit access

mode is used for 32-bit memory access, 32-bit transfers between the 128-bit

multimedia extension registers, and all arithmetic instructions. The 64-bit
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and placing the third and fourth 32-bit nunbers in the integer formaf 6i5tPa()?
second 64- Qvé J/esglster -49 2 6 SEP 2002 6. The net hod of aisvelysr
-wherein the ?ep of assenbl | ng conprises nmani pul ating the contents of the
set of 64-bit registers, wherein the manipulation results in each 64-bit
regi ster conprising a pIuraIrty of col or conmponents of a pixel. 7. The

met hod of actess mdde whases for é4dhit megnetyeaccess, 44-bet trafisfersbebdeln the egi sters
conprises data for one col or conmponent of each of two pixels. 8. The nethod
of cl ai m 128l timedéextanbioand gésterist and 41l arithmegic sShetruatmnk. Eorgti se
transparency data for each of two pixels. 9. The nmethod of claim7, wherein
the step 8fcesssciiowag t@@ﬂmﬂtb‘éézﬁﬂm srdipmedia extensionlrkgistensrbi ning a first
three registers of the set of six 64-bit registers, wherein the conbination
results in a f@'@tméﬁﬁﬁﬁl%éef@qf—wftemé@dgﬂéw eserdioi aparaterdiy @ag- bi t col or

conmponents for each,o first and a second pixel; logically conbining a
second t hpesrw@ %fttersl?-gfblt metltimedip extepsign. fBBtSt‘Ffé@P@f@F% on\mre%@lh of he
conbi nati gn resul.ts. i,ned 64- bi,t r n three
8 bit col g !éeaﬁro%ﬁame o GRS R EROS daF oRpaRdS ARl 5 She

bt cof 5t Badidd nbelcblle LRS- AP ol RSN SEondaf 9?05%33385 éﬁéf{ng rour
nunbers i Q fabishile 10‘?1% P@Eﬁﬂ%&é. ttﬁ@?ea@?%lgﬁg'r n%kﬂ'cfﬁtﬂ@ tw%?[exqr{asea(:h

regi ster o a set o regrs rises data ftor oné col or

conmponent fof s @BGhgdrafioNd, tRh XKlee u rc%h’gxﬁ'éﬂlﬁs f8e BleteirsP péran tar f three

64-bit registers conprises data for one | or conponent o eac four

pi xels. 13 asé@&ﬁhﬁﬁﬁ?ﬁdo@ﬁe aestimatidn. WhemRitivedy, iRl tidee bt&m 6Hb§itser and a
fourth 64-bit register each conprise transparency data for ea h of four

pi xel s. 1daylbezemiedodngfenetal theldddbeofa dpdrant iphlgiddgorcanpr i ses
pl aci ng the four 16-bit nunbers in the integer format in a 64-bit register.
16-byte boundary for all instruction, except for unaligned loads and stores.
The instructions of one embodiment comprise a Shuffle Packed Single
Precision Floating Point (SHUFPS) instruction. The SHUFPS instruction is
capable of shuffling any of the packed four single precision floating point
numbers from one source operand to the lower two destination fields; the
upper two destination fields are generated from a shuffle of any of the four
single precision floating point numbers from the second source operand.
Figure 8 shows the packed shuffle operation (the SHUFPS instruction) of one
embodiment. By using the same register for both sources, the SHUFPS
instruction can return any combination of the four single precision floating
point numbers from this register.
In one embodiment, scalar integer or memory data may be converted in
parallel using the instructions provided herein to a packed floating point
format. The packed floating point data is manipulated to provide the graphic
data used in 3D image rendering. Following manipulation, the packed

floating point graphics data are converted in parallel using the instructions
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-50 2 6 SEP 2002 14. The nethod of claim 13, wherein the step of 26 SEP 2002

assenbl i ng cog;yr i,%es mani pul ating the contents of the set ofpcgAshdboa72
.regi sters,“’(ﬁh B the mani pul ation results in each 64-bit register
conprising a plurality of color conponents that define a color of a pixel.
15. The method of claim 14, wherein the mani pul ation conprises the steps
of : | ogi cdebgrimaithereimdo tvpmckedirstegesfarfnath@heglackdd iree doda bid userli st ers,
wherein the combination results in a first and a second combi ned 64- bit
regi st er, tavhemddrrart image dsplayonds sech rargapptlmatioonpay ass128-bitr st and a
second 8-bit color conponent for each of a first and a second pixel,

wher ei n t reuléionerdid extensior dgegisigr tnsdrudiomsin sembandtiarswithitd-kit second 8- bi t
col or conponent for each of a third and a fourth pixel; generating a third
and a fouFtptiEredin Fegisber-ipsiruraonsert28-hiiapelimedie exiensigngegisteted regi st er
conprises . a third 8-bit color conponent for each of the first and second

pi xel s, mﬁéﬁt@i“ﬁ‘qfﬁe‘nf@m‘?‘ﬁ‘ae%ﬁ’i’&ga“r apTegiyter eomsmargdngdrugtiong. dhwsy col or

t,f h of the third .and fourth pixels; |ogjcall mbining th
first and AR EOREr LA RRUREN RIS RSB IRUCEON BRl (s in a

I LiZL Sf‘lb?{lﬁegft‘?‘.ﬁ?ﬁ%%ﬂ%%ﬁie%%aiarrﬁ?ﬁ?@&i%é%ef@hﬁﬁ% 1B R e anat LF;Z
conbi n ngt XIS BRCARREr A cfificd e -5l ledta BEERNHNRMER (@S o0 o

results i Bf@hégf'%q{fef%%iﬁg“ﬂf@@%l&s‘r egister, wherein the second graphic

regi ster conprises | or conponents that define a color of a

third pixel andifhiFessBoWstar@atetua?rRasen supdttedlsf HiGepista Mk 18D 2
fourth pixel. 16$ The met hod of cl ai ﬁS, wheﬁrﬁetiﬂtn 0(ejg)f:h ofe t he conbi ned

regi st er sandrtheicoaespund thghtdnvet siopanstesticterii028ics ohe entbaclimeht.a first
and a second pixel, wherein each of the graphic registers conprise an 8-bit
t r anspar efity regisparfdetsuppdrtskheet e stedalr 82-bitl [ATrégistevd) arset of piekesit ep of
assenbling conprises nmanipul ating the contents of the set of 64-bit
regi st er snteger mgisteree90daor Gdthit maritimedlia extensiopaegis®ds, and arsegiost er
conprising a plurality of color components that define a color of each of
two pi xel packed single precision floating point registers 906, or 128-bit multimedia

extension registers, but the invention is not so limited. In one embodiment, as

previously discussed herein, the packed integer registers 904 may be aliased

onto the memory space of the scalar registers or the system memory 902, but

the invention is not so limited.

The conversion instructions 910-928 corresponding to the registers 902-

906 of the register file 150 provide an efficient means of converting between

SIMD floating point data and SIMD integer data during data conversion

between the registers. The conversion instructions comprise, but are not

limited to, a Convert Scalar Integer to Scalar Single Precision Floating Point

instruction (CVTSI2SS instruction) 910, a Convert Scalar Single Precision

Floating Point to a 32-bit Integer instruction (CVTS52SI instruction) 912, a

Convert Truncate Scalar Single Precision Floating Point to Scalar 32-bit Integer

instruction (CVTTSS2SI instruction) 914, a Convert Packed 32-bit Integer to
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2 6 SEP 2002 18. The method of claim 17, wherein the manipul ation cor?-pFr PER AN

the steps o:‘/\%éggi.égl l'y conbining two registers of the set of gdiesoRdsMit
.registers, M tlae combination results in a first and a second

conbi ned 64-bit register, wherein the first conbined register conprises a
first and a second 8-bit col or conponent for each of a first and a second
pi xel , whelPacked BmgdePorulsion Foaiag Pegt istruction(J\VEEI2RShhstshctasi) SR0second
8-bit color conponent for each of a third and a fourth pixel; logically
conbi ni ng eréomeyt Badredo$ingleeP weisiaf Fiohting Fednthitiot Packgd S2esis Imieggbr a 64- bi t
regi ster containing | ogic zeros, wherein the conbination results in a third
and a fourmtcmtmrw{éﬂ/'gﬁsﬁ?ltmtegﬁmréﬁﬁmEiuriamﬂse)ftthé CVEEARIned register
conprises a third 8-bit color conponent for each of the first and second

pi xel s, whénsrectionedPowmprisiogia Q¥dPEAENsinstrustinp PR anda ENITS28Bbi t col or
conmponent for each of the third and fourth pixels; |ogi (;aII?/ combi ni ng the

L B e oot conpr e
ree SR et VR o AR e s
conbi i ng the RS PR Pl T RSP SR Shielt ErF%C_}S‘Rﬂé’?%? % Feon nat on
et o, DAAERIGY TS AR e 5985 S5 MBS B AR B

comnmponen or of a

third pixel : - hj | . f.ine. .
I T e R A R S
D el | wher g B P e P R r ency

conponent Q%g@&%}d{ $84 of QZ@B&%&%@&Q'&%E&%EE@HB% 90@%H&§ﬁ9ﬁd}f, claim
10, wherein each register of a set of three |128-bBit registers conprises

data for atpé QVAISIRSS Distertion StOrRPANEN § sighed 32Hb€ intepbrefromnmeatdryr ®gi st er
of a set of three 64-bit registers conprises data for a plurality of color
conponent s acinglegireabionviheatzignpoinendatber fwhereipthe singteypretistan Goatingponent s
defines a pixel color. 21. The method of claim1l, wherein the step of
convert i ng pednpriusbsr Sateredtinrgreginter G2 40t of 423-bit multpoadiatextensiahed in a
128-bit register to four 8-bit nunbers in a 64-bit register. -52 2 6 SPP
2002 22. ThegisErnBep.ofVhandheseaonvgrepes Areinexasterpunding éf perfasneds t hree

128-bit registers .
according to the contents of a control and status register.

Figure 10 is a flowchart for converting a number from a scalar format to
a packed floating point format (the CVTSI2SS instruction) of one embodiment.
Operation begins at step 1002, at which a number is stored in the integer
format in a register of a first set of architectural registers in a scalar format.
The integer format of one embodiment is a 32-bit integer format, but the
invention is not so limited. The first set of architectural registers may
comprise eight 32-bit registers, but the invention is not so limited. The
number in the integer format is converted, at step 1004, to a number in the
floating point format. The floating point format of one embodiment is a 32-bit
single precision floating point format, but the invention is not so limited. In

one embodiment, the step of converting comprises accessing rounding control
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‘conprises data for one color conponent of each of four pixels, whereif 6eEPhlill
regi ster of a S&tﬁ'sq{' three 64-bit registers conprises data fopcanges0dnr
_.conmponent of YT four pi xel s. 23. The nethod of claim 22, wherein a
fourth 128-bit register and a fourth 64-bit regi ster each conprise
transparency data for each of four pixels. 24. The nmethod of claim 22,
wher ei n t he bitsép aoforptE andgtatuepegises, icmuglingehé aumtirhihtthafisheng in the
integer format in a 64-bit register. 25. The nethod of claim 21, wherein
each regi st @oinffoamagrcedrding wetheagubding eqyitsaldrits. ddvepnumsbsr dathe f or a
plurality of color c.onPonent.s of a pixel, wherein each register of a set of
t hree 64- bi floatiggRains iasmiis Blased i a registes ohRriseednd setatf agohigectuoatponent s

of a pixel, wherein the ﬁg%? for a plurality of color_ conponents defines a
pi xel col or regigtersiaaRACKeR Iymat; atisien 1004 dnegne embodimenip the saspagisehg
conprises th

o 3 oAb Er LR SR Vel e L iR, 1

e bi Lo 2P ST no0e SEPT T3S HHERBIRT EREN IGAE RO ETROTAL s

i‘ gf'g?l? 'js‘;?%@t??{bf Fiesbhs SR PSR R ALK madXealRRE AR o'
FRERGLNG 6 AR KinBLAat 1A R BISREUREUF L RSB aRgCOmPUL e

to perform s: storing a plural conponents in

a floating ﬁﬁbé@wfx{g iBpet segilert&8btheqR }'E&er?c‘lﬁhﬁ@a, Butste iRl erddén B dot

registers in the packed format; converting the plurality of col or
conponent s isp lanftédati ng point format to a plurality of nunbers in an
integer format; placing the plurality of nunbers in the integer format in
at | east one regiltesConteraSealtr SingledPlucisisrefloatiogPdint the 3pdtkkdegar nat ;
and assenbling col or conponents for each of a plurality of pixels fromthe
plurality ofinstondteors(CWTESRS] iimstegption)) Oi aonvertd the lasst|segrsificamesinglyi st er of
a set of 64-bit registers. -53 2 6 SEP 2002 29. The at |east one

i nstructi on precision hoatg phiat aumben éram epl 28fbit onutimedig extemsionsregistere st eps
of converting first and second 32-bit_color values Iocated in the |ower 64
bits of a 12861 a Fehit sigmedtipteper stheddbitsigned Bregaris plageerin amiate
integer format; shifting third and fourth 32-bit color values |ocated in
the upper 64<HRf 325t &rﬁggezzeglﬁtetr%%-gmeé}therﬁoa\vsmorrl SABEXe% FRHRADE 1¥ he
128-bit register; d converti the third and fourth 32-bit col or val ues
Lo third andeFBS S5O &R BLFC IR HA ST EPd SFHECSEHEE The at | east
one i nstruction of ohghil @St 8Lilat Bfeh! PR o ERUIG SORRES 86t Ne

st eps

’ 32-bit Integer instruction (CVTTSS2S5] instruction) 914 converts the least
significant single precision floating point number from a 128-bit multimedia
extension register 906 to a 32-bit signed integer. The 32-bit signed integer is
placed in an IA™ scalar 32-bit integer register 902. When the conversion is
inexact, the result is truncated implicitly without the step of accessing a
rounding mode from a control and status register.

Figure 11 is a flowchart for converting a number from a packed floating

point format to a scalar format (the CVTSS2SI and CVTTSS2SI instructions) of
one embodiment. Operation begins at step 1102, at which a plurality of

numbers are stored in the floating point format in a register of the second set
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of : placing the first and second 32-bit nunbers in the integer for mat? § AER200Z
first 64- b‘&Bgé/egziA‘ster; and placing the third and fourth 32-Bickaiygdagrs i n
the integef“f6Pmal in a second 64-bit register. 31. The at |east one
instruction of claim30, wherein the step of assenbling conprises

mani pul ating the contents of the set of 64-bit registers, wherein the

mani pul at obarchisetutsl tegisachn Gdpddked fogirat.ein ca@pmbsdNgeaAt, Pbuy al i ty of

col or conponents of a pixel. 32. The at |east one instruction of claim 30,
wher ei n emchmbeegaststoras inathedloatingpairfifotnat, begtiss iewentons heresp data for
one col or conponent of each of two pixels, wherein the step of assenbling
conpr i seslimtiteds {ldssflodting pgind dbtmat ofibheendoditiensts & 32-bi siregle st ers of t he
set of six 64-bit registers, wherein the conbination results in a first
combi ned BZECHiIEN ﬂ@gt@g@ombﬁ@m@j gt therinwestion is natisorlimagofrenne for each
of a first and a second pixel; |ogically combining a second three registers
of the setmgpdimngnisihesecondq et opechitaesinal registerscentmprisas @ight Bfabits in a

cach of PR BHHE RERLAR g ReF oD Jmmied 2)pe SEoplyrsS CERRES cast one
i nst ti, foclaim28. .wh in the st f ti '

converti n POUIORSREGRQIE SITHAI5 ABENERES: TieR Lib Y Fo ATUBEHIR Egi st er o

f 16- bj i . 64- Dj i ster, ei i St f t of
e 1oairgTagngy Pl et fort ol R s RLRI P R0 of cach of

four pi XeﬂonzﬂaWteﬁh@ iﬁégﬁc}[iar?gj %686 RiniRdS§h og\fﬁ egﬁfagﬁfe%g ?’k%‘r‘% _egi sters

conpri ses or one or conponent of ea 34. The at

| east oneciSEbCnkBhiclbnCihaidie3 3¢ CURGERIN Wige%@céés% {o@é@ﬁg of three

128-bit registers conprises data for one col or' conponent of four

pi xel s, wheideibitseasth 4 eahisbleinPbtatus fdgister, Ghaicunt@e fHefSmeerRy ihees data
for one col or conponent of each of four pixels.- 35. The at | east one

i nstruct i iegdr fotraatmaddbrdimpeioethe ro@ding pafe ingisemdd.i ng conprises the steps
of: logically conmbining two registers of the set of three 64-bit registers,
wherei n the cobbimaeinbodimsnt o6thenCH TIISS2E] imsttuatisetbadtepoobi ned 64- bi t

regi ster, wherein the first conbined register conprises a first and a
second 8-ginverthgcompnkes drundatingathemuhber in thetinteger foroed amghligithel |
wherein the second conbi ned register conprises a first and a second 8-bit
col or conffSRERINgfteMede Ritsfin a qomvessigndnyrydian: h s ttancatgoperatidmiy a t hird
and a fourth conbi ned 64-bit register, wherejn the third conbined register
conpr i sestastimpligdey the egivsEsiopipsiaptioRANGHEPToress S imesequifad second

pi xel s, wherein the fourth conbined.registfer conprises. a thiyd 8-bit color
corrponenttof%ﬁ‘e%';a‘i‘ﬁ Wq%éﬂgrﬁt?tél‘safﬁalsﬁf&rot temine 2 roURgiRg M3Ped8 nbi ni ng t he

1St e BT SO B SRR SR 2 0 2

thr e 8- Die 58k AUCAIRRBENL 18 m L HRE rhriBleoutlidly Hdcis Berlagnd thr ee
employed when converting from floating point to integer. Changing the
rounding mode typically requires changing the rounding control in a control
status register. Encoding the truncate rounding mode in the instruction
avoids updating the status register because the rounding mode specified by
the instruction overrides the status register setting.

The number in the integer format is placed in a register of the first set of

architectural registers in a scalar format, at step 1106. The first set of
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" color of a second pixel; and |ogically conbining the second and fouer@ SEP 1002
conbi ned reqi ste_rsi _Wherein the conbination results in a secoidobolbin

. graphic regi ‘?3?/?6 ¥herein the second graphic regi ster conprises three 8 bit
col or conponents that define a color of a third pixel and three 8-bit color
conponents that define a color of a fourth pixel. 36. The at |east one

i nst ruct i orarehitedtairal 2gistavseneay rotripaisetedght2-bie RyEiEters) biE SMPINVEALON is
converting four 32-bit color conmponents located in a 128-bit register to
four 8-bit motrdodirmited. a 64-bit register. -55 2 6 SEP ?.002 37. The at

| east one instruction of claim36, wherein each register of a set of three
128-bit regi st er’Ehe Gopverdiacked 32 it Inagertsl BackedogleRreasioedddatidg f our

pi xel s, wherein each register of a set of three 64-bit registers conprises
data for onoiBbimFtredigrolieni PR Saastiuetion) A0 geinyerts twad2-titeigaed| east one
instruction of claim37, wherein the step of assenbling caonprises the steps
of - | ogi callnfegessiom agirhio melsmedia extansignepacked nteger segister B4 toevp st er s,
wherein the conbination .results.in first and a ecog@\ conmki ned 64-bi t

rogi ster, VARBHGIBIPRENT SINBE RISHISIT HOR W BOUN NIERBFISs dbe21E1F Preifana

second 8-b

i I f h_of fl .and,. nd pi xel ,
whor o n 1 he BB BIETS ced Pl BR e G Rk BT S X ANeBEBTRY - bi
| t i. ol - Ceal | ini
LT e TP B (EREBnPhrsfor Rt ARl W dichflod haghaR ! oo 0T0L 1 N0
cont ai ni ng éo‘?ﬁgﬂ amraﬁmsvmgrs@émém%%nm gﬁygﬁgﬁ@ﬁnmme&nd a

fourth conbined 64-bit regPster, reirn“the thr regi ster

conpri ses éintthierdésﬁn@fibn?@éi@fer%@ﬂﬁ@f&ﬂt for each of the first and second
pi xel s, wherein the fourth” conbined register conprises a third 8-bit col or

conponent for eagigueé 12hea fldwchantbricuibhi 'xahﬁibérq&irﬁal;ia\ek@@megéﬁg the
first and third conbi ned registers, wherein the conbination results in a

first 64-biforghaaphagpacked Sloatingwuihefoimiad ¢tHel C¥TPIRPSIAEGut B )df @nheconpr i ses
three 8-bit col or conponents that define a color of a first pixel and three
8- bit col orernbogiment Operationdidgies at step dR01fat avisel erdtsppledlityardid | ogi cal |y
conbi ning the second and fourth conbined registers, wherein the conbination
resul ts i n pRBEEHNR he-iplagey fephatarestireddn a registesiof a first s&tednd gr aphi ¢

regi ster conprises three 8 hit col or, conponents that define a color of a
third pixelaIshtestHraldeglsgrs 18 & RAcked ipoReht s anegmbedimentatwenembers o

fourth pixel. 39. 0Gessor .co
Pl X Care storedAmptE'\e?nteger format

r ins1{ {h¢ invention is not so limited. The
integer format of one embodiment is a 32-bit integer format, but the invention
is not so limited. The first set of architectural registers may comprise eight 64-
bit registers, but the invention is not so limited. At least one number in the
integer format is converted, at step 1204, to at least one number in the floating
point format. The floating point format of one embodiment is a 32-bit single
precision floating point format, but the invention is not so limited. In one
embodiment, the step of converting comprises accessing rounding control bits
in a control and status register, and rounding the number in the floating point
format according to the rounding control bits. At least one number in the

floating point format is placed in a register of a second set of architectural

registers in a packed format, at step 1206. The at least one number in the
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a decoder configured to decode instructions, and a circuit coupled 9§ 3HRe00]
decoder, the circuit in response to at |east one decoded i héyq, bei ng
_ configure¥@¥56&t5%0re a plurality of color conponents in a ?W&#ﬁ%’g poi nt
format in at |east one register of a set of 128-bit registers in the packed
format, -56 2 6 S EP 2002 convert the plurality of color conponents in a

1 oat 1 ng fipakiRg dodhiRirria? nfaPlothplisk Yiwd upSIE il e A drlli IR ndi QpTat bl ace

the plurality nunbers i e | nteger r I'n at | east One register of

a set of |igditdd .t I &% mBb8irhent, M8e Bapkadef Qfmhite&uﬁal%gﬁimke col or

conponents for each of a plurality of pixels fromthe plurality of nunbers

in the i abﬂ?ﬁsei efghatl12Bpbit fegistbrd, Basthedneerit@sh Kt soflirité@! ThE sédy bi t
regi sters. 40. The processor of claim 39, wherein the circuit is further

confi gur efl plarigat/least dreenyninbiealin the fidating point forpténtasepistercsfrver ti ng
first and second 32-bit color values located in the |lower 64 bits of a

128- bi t segirst st of erdhitesturahvegisterrmiag 2otriprisepibeng tivo iuraberstiaghe f or mat ;
shifting third and fourth 32-bit color values |ocated in the upper 64 bits
of the 1fi@abing poant format imadowee halbwé thesregisitersarut préservipg-api wpperyi st er; and
converting the third and fourth 32-bit color values to third and fourth
32-bit nbabaidhe regipier upchyeged, buithe inventign ds pelowckimdtedof cl ai m 40,
wherein the circuit is further configured tq pl %ce t he pl u_ralitg of nunbers
by: pl acing t & Opeesmb et cthSEE 3 B eral yanants 324-928f iapiegaHcEeRmat in a

ot OBl o ot PR BELIG L £ VLN izl | rurbers 1
£ el AL SR, LSRR 58 G ormorent
o P ST CEH e Berls PRGSO  THE RSP U BliafAIRAE BlRYeRt FlciER! 1Y Of

Single Precision Floating Point to Packed 32-bit Integer instruction (CVIPS2P]

instruction) 922 that converts the two least significant single precision floating

point numbers from a 128-bit multimedia extension register 906 to two 32-bit

signed integers. The two 32-bit signed integers are placed in a 64-bit

multimedia extension register 904. When the conversion is inexact, rounding

is performed according to the contents of a control and status register.

The second variant is the CVTPS2PW instruction 924 that converts four

single precision floating point numbers in a 128-bit multimedia extension

register 906 to four 16-bit integers stored in a 64-bit multimedia extension

register 904. The third variant is the CVIPS2PB instruction 926 that converts

four single precision floating point numbers in a 128-bit multimedia extension

register 906 to four 8-bit integers stored in the lower 32-bit field of a 64-bit

multimedia extension register 904. Other possible variants include integer,

byte, and word versions of conversion instructions that operate on data in

integers, bytes and words, respectively.
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"43. The processor of claim 41, wherein each register of a set of si x J6SkR 1002
regi sters conprises_data for one col or conponent of each of t ,Q,gg(g&gg,,
.wherein the ¥ r93{si? 4Si's further confi gured to assenbl e col or C%‘)?rrponents by:

| ogically conbining a first three registers of the set of six 64-bit

regi sters, wherein the conbination results in a first conbined 64-bit

regi ster conprisiTie CBAREt &rihtate PhOteSORPRPRICS; i ' nd a
second pi xel; -57 2 6 SEPTZOOaZ Iogiecall co{rgigi%ﬁﬁgrﬁglc%@@gc%lgggc&?égﬁe&

registers of3zthiestegerinsaiuetibA-(OVITPSIPFintiictiBAPYZER ForivaetsCBRiipteh s
results in a second conbi ned 64-bit register conprising three 8-bit color
conponent s fsignifiaamt sihgle prietisibrefiuhtingf point Rufribees froftta 1789 PHrRLAERRNa Of
claim39, wherein the circuit is further configured to convert the
plurality ofexterision cegipten8dé to byo 3bbutesignethinitegers 3Thbitvo3d-bit sigrvgabnent s

| ocated in a 128-bit register to four 16-bit nunbers in a 64-bit register,
wher ei n eaclinteggrsamgrplatechinse 64-bit mhltimedia@xbensiorerggister 904 oWhersthe dat a
for one color conponent of each of four pixels, wherein each register of a
set of thre€OoRAEHIN jsijexacty theggrdt isdsuncaded implicislyewitbput thwsteprednt  of
each of four pixels. 45. The processor of claim44, wherein each register
of a set of ACREINEDFWRFINgIGPde o 8 sARrPLaRd gtatas registehe col or conponent
of each of four gzl'rjxels of 64-bit _registers

conpri ses d?t alf ggﬁ%lihgh%ﬁg%’gh?:}gﬁ&n{o?&ie%%ﬁ%m%%e O 23(8?%‘?"-&1@93%&
DO st Bl s A B TG b T LRV ©, e e
of three E4iRld LeS FoRe HIdnt NSpEAIRINUINLA! S84 b8 1) Fhlchlst and 2

second conbi ned regi ster, ined register

comprises a dbkdsd Pﬁﬂ%}& SERARDbeR Dot &R ﬁ%gg?ﬁ@g&:gﬁrﬂrfo%‘i%% a first

and a second pi xe el n the second conbi er conprises a first

and a secongegishirtofGRk 96cRIRNABERIchiteEneAGRgRterd if Ai g k8AFomALUIH dhdi Xel |
generating a third and a fourth conbined 64-bit regi'ster, wherein the third

conbi ned r eginsb@tintaitpfougefrbébiardlstBrdd in kel datE@psinefirm4 beage of the
first and second pixels, wherein the fourth conbined regi ster conprises a

third 8-bit invémtior snpmtrserlimited. The floafing peintfortatofiof®eiribodineat & a
|l ogically conbining the first and third conbined registers, wherein the
conbi nat i on 32eitibinglé prexifiom floagng pointdomphi, but g stventiontienet so lietdd.r st
graphic register conprises three 8-bit color conponents that define a color
of a first pghasie embodinend, theseroncbsesof eochitastunas registersiedrmpaises eightr of a
second pi xel_;_ and quicalgg conbi ning. the second and fourth conbi ned
registers, WeErdt FeEitiers Subihminvention isnatsoilimyed e dddepss angiaf the aphi ¢
regi ster, wherein the second graphic register conprises three 8 bit color
conmponent s t Hfal%ﬁqﬁ‘émgb?éll%%‘%ﬁoaé“’tw Bt fRrregt ’éﬁﬁnYW%:L' SRR 1%' &
conponent s thaf, A&LLAGH&hGhe %Iteg""erff?;%%{? Phe 1en|t'egér5f%rmat of one

embodiment is a 32-bit integer format, but the invention is not so limited. In

one embodiment of the CVTPS2PI instruction, the step of converting

comprises accessing rounding mode bits from a control and status register,

and rounding the number in the integer format according to a rounding mode

indicated by the rounding mode bits. In one embodiment of the CVTTPS2PI

instruction, the step of converting comprises implicitly truncating the number

in the integer format according to a truncate mode indicated by the conversion

instruction. The number in the integer format is placed in a register of the first
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"2 6 SEP 2002 47. The processor of claim39, wherein the circuit is 11, SRB 001
configured éoﬁ_,g.onvert the plurality of color conponents bpc¢@Rygdsuizng four
32-bit c¥P3 /:’Co:’rrponents | ocated in a 128-bit register to four 8-bit nunbers
in a 64-bit register. 48. The processor of claim47, wherein each register

of a set of three 128-bit registers conprises data for one col or conponent

of eachsatfoffadthiteuitued] segistees i a paakéd fegnat, et step 1306.eThefirstveesf 64- bi t

regi sters conprises data for one col or conponent of each of four pixels.

49. Theamhiteessak registetsanay 48mpriserasght 6hbitaiegisterts, bt therihhentieroisf i gured to
assenbl e col or conponents by: logically combining two registers of the set

of thremotsp hinitedegi sters, wherein the conbination results in a first and a
second conbi ned 64-bit register, wherein the first conbined register

conpri ses a The &V ERESH IdaetHatien pf pregmbodimane seeedasshesqundfg a fir st

and a second pjxel, wherein t ge second conbi ned regi ster conprises a first
and a smdngh%il%s‘fé‘é‘ﬁ&“’é&h‘ﬁ ABYRIOV8Y PeHPHManceas fescaibgd@baveavith h pi xel

| ogically conbini ister.of the set of three 64-bit registers with
a 64- bi fépéﬁ@ttgﬁwgg'ﬁﬁ@sﬁ"g’?%"zer 0s, wherein the conbination results
inathird apd a fqurth, conbi ned 64-bit, register erein the third

conbi ned regf ¥&F -‘@dﬁ'ﬁ:}}os ‘g&? t? iaf%ecgpﬁ\farga(ﬂid?s%‘d wd §95r each of the

third oo eiaRE R Bed ol lcRed MRatdin P AITRIAGH A RRkPH RhushELP oo
| ogi cal #quse{}?vmisbm Hs%;uam).t Eelalonbepid artgga'fféﬁfzsat Hein the

conbi nation re ts in a rst 64-bit graphic-régister, wherein the first

gr aphi P?rﬁgiiﬁi@ﬁn@ﬁiﬂéfé SRSstbAieR Belfidat in BSRRAIGAGLSrebbér gf&f i ne a col or
of a first pi'xel and three 8-bit color c onents that deéfine a color of a

second Aistekt ofdtdhiteaheal degigtonhhni pirKelosRa0Nth GiklehBBAINes? fdiMed
regi sters, wherein the conbination results in a second 64-bit graphic

regi st ehumilees siestbhed Betenogirgppoint feghat, but denmvieatsntihneesdbi t col or
conponents that define a color of a third pixel and three 8-bit col or
conponehtrstedh dfhedBbatieg poodl formef ohofieambiodpinest is a FBbit single

CAY.AY. AL. Al . Al . A@. A. A A A . Ane. A AF. A Al .ABA A LA AALLA

. A9. AY. prexisipn Aomting point fesmmtrbut theAs vaniiorisnot sodimitedy Imenayos AS. . ALF. A,
AU. A{3Y . AY . AUY . A A . AYY . AU A AUe Cdfkho ( 5 ACF 1l Q7

| wgl f a W@F@ﬁfﬁhlﬂ‘%%@a@@} ehpEdyiestal E‘?ﬂiitﬁlsc‘é]rﬁﬁ§ié%%ﬁll‘b]aq&flai]tca] (r:]a] calcalc {
g]:('\:/la{ \(/:v;i @t%?%g?gﬁakﬁ]%gﬁgg?%%‘g%?@g&%%&?E%Pf:g]ed%}]‘é%lf%’eﬂfca] ca] ca] ca]
cal cal e et oAl AL SRS BLERLS AR AL vk itd at step 120£ 't at Halt ome

number in the integer format. The integer format of one embodiment is a 16-

bit integer format, but the invention is not so limited. The step of converting

of one embodiment comprises accessing rounding mode bits from a control

and status register, and rounding the number in the integer format according

to a rounding mode indicated by the rounding mode bits. The numbers in the

16-bit integer format are placed in a register of a second set of architectural

registers in a packed format, at step 1406. The second set of architectural

registers may comprise eight 64-bit registers, but the invention is not so

limited. Following the conversion, each 64-bit register may comprise four 16-

32



HWrCH##SVESS| wr mhe”Y] | ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cZ;\]BcSaEfczgm

] ca] ca] ca] ca] cal cal ca] ca] ca] cal] ca] ca] ca] ca] ca! $$$$$+9n %0806 & &ddyoda7a 7( I ((
OM))))F* “‘5,‘%’-}xsnhc"Y] ] ca] ca] ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca!0-/00ML11112] 222889X9
1 9j 992??A )
AAAH A2 AAABIR L fepEFsfapiteseYitingathealopddiaglof aheabg e Ad §t]e9,adlﬁa] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]ca]ca!} HHHH JL- LvMM PePr P~
PPOQR UUWNNe invention is not so limited.

XX(Xzwve\ ?] __zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca
] ¢ _a] ca] ca] ca] FigwredSdapdidwdiara ¥gratiuad vatiea} osed for'converting a

"] T 9b~b' dhdgdgj gwggggj j mmoooo ol o_ssvv{vql gb] X]] ca] ca] ca] ca] ca] ca] cal] ca
1 fa] C:}]Nga]‘@&] ]gfwf‘ ch:gluﬂ{gaﬂ’?’é‘];if?q]f’]@é‘]*iﬂaé ]Béqlﬁdll?%af@]@}@]dﬂm?l Ci’vl] Ci’le] ]C
a! vvvwwbw{ ww+{ i{ g~w~y ~~~~~ Vv ca] calcalca]c ca)ca]calca]ca]ca
ca] ca] ca] é@'clia‘:]g%%] 1@&]'/1'&15]16% c@gf@é]q%gl}’@ﬁ]‘éa &@Pd@PéaﬂtMé Raduraliy ©4! &g
o bl gl el ol o o

) o] cal 22‘?%%3‘%%%3]%%@%%%5% S Rpakl, LSRRSTRE e Y] 1 ] on
Ly o] ony chepe R EH Gl ERR R SSE R PT ﬁﬁ%ﬁ%ﬁf‘% PSRk TR o L ca
] cal cal CahBMgL%ﬁlmal spbfrebaffahkak 62 sakialifgk Gkl icahal takcal cal cal)
c#c7| T{ vq]gem%hﬁaﬂ Gk 619d ﬁﬂlé\%ﬁ%q@Eéhﬁﬁ%&aiﬁ@ﬁ&&hséhﬁﬁéﬁtah{?fiﬁ@] cal ca]

ca] ca] ca] ta] ca] ca] ca] ca] ca] ca] ca] ca ca] cal

2513>Y+4zynkdrarilieadranll ¢adierlrs admplr bl tanQﬁi t?e@lﬁé’ikcamcaﬂeqa]é}aiélrca] caU] C

a)J cal ca] ca] ca]ca]ca]ca]caJca]ca]l ca] ca] cal cal 4ADM |71 3" " " ##: #GHI#SHLH#ULRY * Q *

** 4+ +0+vis, iHseqlgirkd] ladbenler]ofahe plaallienbt abetealcaldijangadiae] cal cal c

aU] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU| ca] ca! 0222222' 3D33H88: : 2: ?: K Z: :
format is converted, at step 1504, to at least one number in the integer format.

@\ BOBNBZBWBhCCE- FJJ} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca

] ca] ca] calbealntepenfaalaalf cakembed cadntad en8ebit tateger foainat ot 3 J KI KKNKNQQQQ
QRORRRAES_VWVX

YXYYYYYYYHW%IPGpiRF@\t w dimited.chire a]qpaqfcc@qveat}%apéaq@aq\ba}igawa] ca] ca] ca] ca]
ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] caj ca] ca] cal xa~aaaaabb: bbbb8cxeeggg/ g
gghshhhi | F?WP]]%P%R‘F‘]WIHS(F@W‘ o E&]‘g‘al]‘lésa EH] %5]”&%’]’@5(] PR 81SERT] ca] ca] ca] ¢

2] cal oa] c2l el salca) ¢l el eal pal oalegl oales) calealeal Sl g armgyinznnnoop

- p~pp: qbq

Hrrr Usst d
2] cal cafc%&egatsél 52]151 ]d"gé BRIy G B A SR B BB RSy 2ot
iuLil—L}lxsnl dplffﬁcaf ]acg'f ?Se Of ICh tec cale ter]cafg fcad] cajcajcalc
Tea] ca] ol aTuER LAy S?léﬁf‘%"é?]é%%%%?é%ﬁ%%%?“%é?%%f*ﬁ%%] SFEEa] cal cal ca
] ca] ca] cabipdk ¥e-bit registers, but the invention is not so limited. Following the
<- AZde’P#}xsnhc"Y] ] ca % cal caU] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] catomarslonabact 64bitakgiteranag]conlpddd four 8-bit integers representing
n7TnHYao/ GVB" } 7} xsni d_Z] ]] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
a] ca] ca] cHjecadrdenisaifcaieci@PBekit ahtinfqajintiegidten bed thymjvedtjdh i§ metrsod_Z] ] ] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] clijitddca] cal WwG Hjrj z} xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca ca]SIM]@ ajca ca] ca] c%}‘ca] cae
Cf H109& () - 1begonyersammgtyctions 1#1‘03%&“ ough the
1109%& f F* 10O
109, ( () %57&236‘)“916% @)f}efe% for Wfff@%ﬁeﬂﬁ‘eglf&}m* f9theroog ()-(

1% 0% 109
dE* 10%%5)( %&‘% %(‘)%Z‘*%%‘s‘ et )ﬁ‘%@&e()t“’ﬂ%(‘j’a@zﬁg P& ()-( 5 A C
D E F Q" b@09% {#YL0%u-u& ()-3m0% ug ()- 10 10 10,, GO%& () -



1=10%& ()-Y>MO% ()-n dEb@0% 7- 10% u& ()--!10% u& ()-z, MLO% u& ()-s 7 h SEP 2001
10% u&' () - w(le{ b8 - 9! 10% u&' () - LbC1096 +F109B& () -!y10%B& (AciionBssr) - 0

(1109B& () - Fsdi 10- u, s9t 10% u& () - 09( dEbCL0% , &

109B& ()-F(f109B& ()- 109B& ()-109B& ()- @

1098& ()-S 109B& ()-()*+, ODTbCLO% Y&LO0%& () - #S10%&' () - 109& () - (| 109%& () -
10B 10B 1GHex®hts/@& OnverstcoG%bidXtegrOehantmet contersidh IB3sAtcHONE () - Y
10%& ()-Y 10%& ()- $=M dEbC10% | S10%&' ()-F “10%& ()-1  10%& ()-Y F

L 1098 () - #heosfere, twioLins@udiatipny KH CTRYE@IA0FBLTUrti00 &2 (3ed (a@¥Rrf 3 10 10
10" 95109 ()-310% ()-K k # T }7?bCL0%@ 10%& () - @O%: ()- @

910%&' () - CEuoS&gly pregigionielevgnts) wierginphufftigg Of theroperands is performed

>l el dEbCLOY%@B10%& () -

@10%& () -R@qom5§§aW&he pecarrooRR versigr insguqtion: IFagopnversiprs1 Tom@s 1098 () -
@100 ()5 108 () @A, () QIONE () G0V () IWchaEnCl oo

values are converted to single precision floating point and placed in the lower

two elements of the floating point 128-bit multimedia extension register; the

upper two elements of the floating point 128-bit multimedia extension register

remain unchanged. This approach of passing the upper elements through

intact provides greater flexibility in the merging of new data with existing

data.

Multimedia graphics are typically generateci by treating an image as a
collection of small, independently controlled dots, or pixels, arranged on a
screen or cathode ray tube. A computer graphic image is typically composed
of a number of objects rendered onto a background image. During rendering,
the object may be combined with previously generated objects using
compositing techniques, wherein compositing is the combining of multiple
images by overlaying or blending the images. In a composited image, the
value of each pixel is computed from the component images. In rendering
multimedia 3D graphics, images are composited in two phases--geometry and
rasterization. The geometry phase comprises building images for compositing
using triangles formed by vertices defined in 3D coordinate space.
Rasterization is the conversion of vector graphics, or images described in
terms of mathermatical elements such as points and lines, to equivalent images
composed of pixel patterns that can be stored and manipulated as sets of bits.

In composing the triangles that form the images, each vertex or

coordinate has a corresponding color value from a particular color model. A
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example, the red (R), green (G), blue (B), color model (RGB) is the unit cube
subset of the 3D Cartesian coordinate system. The purpose of a color model is
to allow convenient specification of colors within some color gamut. The RGB
primaries are additive primaries in that the individual contributions of each
primary are added together to yield the resultant pixel.

The value of each pixel in a composited multimedia image is computed
from the component images in some fashion. In an overlay, the pixels of the
foreground image are given transparency values in addition to the RGB
values. The value of a pixel in the composited image is taken from the
background image unless the foreground image has a nontransparent value at
that point, in which case the value is taken from the foreground image.
Therefore, as an image is produced, coverage information is recorded so that
the color associated with each pixel in the image is given an alpha value (A)
representing the coverage of the pixel. Consequently, for an image that is to
become the foreground element of a composited image, many of the pixels are
registered as having coverage zero as they are transparent; the remainder,
which constitute the important content of the foreground image, have larger
coverage values, typically one. Thus, to do compositing in a reasonable
fashion, the alpha information is provided at each pixel of the images being
composited, so that along with the RGB values of an image there is an alpha
value (A) encoding the coverage of each pixel.

In multimedia algorithms, data parallelism can be exploited in many

different ways. One possible way is by executing the same operations on all

elements of a color plane. This method involves organizing the information
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all of the R components are at successive addresses in memory, all of the G
components are also at successive addresses, and so on for the B and alpha
components. All of the components of each color plane of an image must have
the same operation performed on them. With all of the red color components
being at successive addresses, it is easy to grab four elements of the R plane in
a single memory access, and similarly to grab the corresponding four elements
of the alpha plane in a single memory access. Executing the operation by color
plane and using multimedia extension technology to compute in parallel on
four elements of a given color plane allows for the exploitation of data
parallelism.
A second method for exploiting data paralle;lism is by executing the
same operations on all color elements of a pixel. This method involves
organizing the information for an image in memory by storing the information
about each image so that the three color components, R, G, and B, and the
alpha component, of each pixel are at successive addresses in memory. In
using the multimedia extension technology, one memory access takes the
RGBA components for one pixel and executes in parallel operations on all the
representative components of the pixel.
A further example of the exploitation of data parallelism in multimedia
applications involves manipulating coordinates of points in space. Using this
technique, data parallelism is exploited by executing the same operations on a
given coordinate or by executing the same operations on all points of the
space.
The instructions disclosed herein allow for the parallel conversion of

multiple single precision floating point color values to a specific integer

format. One application described herein, but to which the invention is not so
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limited, uses the conversion instructions for the parallel conversion of lighting
function data in 3D graphics. Figure 16 is a flowchart for the lighting
computation in 3D geometry in which the instructions of one embodiment are
used. Operation begins at step 1602, at which a light intensity is computed. A
light color value is computed, at step 1604, for each vertex. The light color
value is converted from a floating point format to an integer format, at step
1606, wherein floating point color values for red (R), green (G), and blue (B)
color components are converted into integer values.

Figure 17 is a flowchart for the parallel conversion of multiple color
values from a single precision floating point format to a specific integer format
of one embodiment. Operation begins at step 1702, at which a number of color
components in a floating point format are stored in a register of a set of 128-bit
registers. The floating point data is stored in the 128-bit registers in the
packed format. Each of the color components in the floating point format are
converted to color values, or numbers, in an integer format, at step 1704. The
numbers in the integer format are placed in at least one register of a set of 64-
bit registers, at step 1706. The integer data is stored in the 64-bit registers in
the packed format. The color components are assembled for each pixel of a
composited graphic using the numbers in the integer format from the set of
64-bit registers. In one embodiment, the color components in each of the
registers of the set of 128-bit registers represent values in the same color plane.
In an alternate embodiment, the color components in each of the registers of
the set of 128-bit registers represent color components that define a color of a
pixel.

In one embodiment, the CVTPS2PI instruction previously discussed
herein is used to convert the color components in the floating point format to

color values in an integer format, at step 1704. Figures 18a and 18b are data
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CVTPS2P1 instruction of one embodiment. In this embodiment, it is necessary

to clamp the value of floating point operands used in conversion of graphic
color data to 8-bit values. This is necessary because some of the data
manipulations would create meaningless values if the floating point data was
greater than 8 bits wide.

Using the CVTPS2P]I instruction, the step of converting, step 1704,
comprises converting 1810 first and second 32-bit color values located in the
lower 64 bits 1802-1804 of a 128-bit register XMMQO to first and second 32-bit
numbers in the integer format. Following this step, the third and fourth 32-bit
color values 1806-1808 located in the upper 64 bits of the 128-bit register
XMMO are shifted into the lower 64-bits of the 128-bit register 1802-1804. The
third and fourth 32-bit color values are converted to third and fourth 32-bit
numbers in the integer format. In one embodiment, the aforementioned steps
are performed for each of three 128-bit registers XMMO0-XMM2, wherein one
128-bit register XMMO comprises data for a Red color component of each of
four pixels, one 128-bit register XMM1 comprises data for a Green color
component of each of four pixels, and one 128-bit register XMM2 comprises
data for a Blue color component of each of four pixels, but the invention is not
so limited. In an alternate embodiment, a fourth 128-bit register (not shown)
may comprise transparency data for each of four pixels.

In one embodiment, the step of placing, step 1706, comprises placing
the first and second 32-bit numbers 1812-1814 in the integer format from a first
128-bit register XMMO in a first 64-bit register MMO, and placing the third and
fourth 32-bit numbers 1816-1818 in the integer format from the first 128-bit
register XMMO in a second 64-bit register MM3. The first and second 32-bit

numbers in the integer format from a second 128-bit register XMM1 are placed
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64-bit register MM4. The first and second 32-bit numbers in the integer format
from a third 128-bit register XMM2 are placed in a fifth 64-bit register MM2,
and the third and fourth 32-bit numbers in the integer format from the third
128-bit register XMM2 are placed in a sixth 64-bit register MM5. In an
alternate embodiment, the first and second 32-bit numbers in the integer
format from a fourth 128-bit register (not shown) are placed in a seventh 64-bit
register (not shown), and the third and fourth 32-bit numbers in the integer
format from the fourth 128-bit register are placed in an eighth 64-bit register
(not shown).

The step of assembling, step 1708, generally comprises manipulating
the contents of the set of six 64-bit registers MMO0-MMS5, wherein the
manipulation results in each 64-bit register comprising the color components
that define a pixel. Specifically, in one embodiment, following the step of
placing, step 1706, each register of the set of six 64-bit registers MM0-MM5
comprises data for one color component of each of two pixels. Therefore, the
step of assembling, step 1708, comprises a logical combination of the first three
registers MMO-MM?2 of the set of six 64-bit registers, wherein the combination
results in a first combined 64-bit register 1850 comprising three 8-bit color
components for each of a first 1820-1824 and a second 1830-1834 pixel, wherein
the three 8-bit color components define the color of a pixel. The contents of
the first combined register 1850 are placed into register MMO.

The logical combination of one embodiment comprises performing a
bitwise logical OR 1899 of the contents of the first MMO and the second MM]1
64-bit registers, but the invention is not so limited. The bitwise logical OR

instruction performs a bitwise logical OR on 64 bits of the destination and
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the result is set to 0 if the corresponding bits of both operands are 0; otherwise,
the bit is 1. A bitwise logical OR is then performed of the result of the first
logical operation 1898 and the contents of the third 64-bit register MM2. The
result of these two logical operations is a first combined 64-bit register 1850
comprising three 8-bit color components for each of a first 1820-1824 and
second 1830-1834 pixel.

Moreover, a logical combination is performed of the second three
registers MM3-MMS5 of the set of six 64-bit registers MM0-MMS5, wherein the
combination results in a second combined 64-bit register 1852 comprising
three 8-bit color components for each of a third and a fourth pixel. The logical
combination of the second three registers MM3-MMS5 of one embodiment
comprises performing a bitwise logical OR of the contents of the fourth MM3
and the fifth MM4 64-bit registers, but the invention is not so limited. A
bitwise logical OR is then performed of the result of this third logical
operation 1897 and the contents of the sixth 64-bit register MM5. The result of
these two logical operations is a second combined 64-bit register 1852
comprising three 8-bit color components for each of a third and fourth pixel.
The contents of the second combined register 1852 are placed into register
MM3. In an alternate embodiment, transparency data may be manipulated
along with the R, G, B data of a pixels, wherein the two remaining 8-bit slots of
the combined 64-bit registers will comprise transparency data for the
corresponding pixel.

In one embodiment, the CVTPS2PW instruction previously discussed
herein is used to convert the color components in the floating point format to
color values in an integer format, at step 1704. Figures 19a and 19b are data

flow diagrams of the parallel conversion of graphic color data using the
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necessary to clamp the value of floating point operands used in conversion of
graphic color data to 8-bit values. This is necessary because some of the data
manipulations would create meaningless values if the floating point data was
greater than 8 bits wide.

Using this instruction, the step of converting, step 1704, comprises
converting four 32-bit color components 1902-1908 located in a 128-bit register
XMMO to four 16-bit numbers 1912-1918, or color components, in a 64-bit
register MMO. In one embodiment, the aforementioned steps are performed
for each of three 128-bit registers XMMO0-XMM2, wherein one 128-bit register
XMMO comprises data for a Red color component of each of four pixels, one
128-bit register XMM1 comprises data for a Green color component of each of
four pixels, and one 128-bit register XMM2 comprises data for a Blue color
component of each of four pixels, but the invention is not so limited. In an
alternate embodiment, a fourth 128-bit register (not shown) may comprise
transparency data for each of four pixels. In another alternate embodiment,
each register of a set of three 128-bit registers may comprise data for the color
components of a pixel, and each register of the set of three 64-bit registers may
comprise data for the color components that define a pixel.

The step of placing, step 1706, comprises placing the four 16-bit
numbers, or color components, in the integer format in a 64-bit register.
Therefore, in one embodiment, a first 64-bit register MMO corresponding to a
first 128-bit register XMMO comprises the Red component data for each of four
pixels, a second 64-bit register MM1 corresponding to a second 128-bit register
XMM1 comprises the Green component data for each of the four pixels, and a

third 64-bit register MM2 corresponding to a third 128-bit register XMM2
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invention is not so limited.

The step of assembling, step 1708, generally comprises manipulating
the contents of the set of three 64-bit registers MM0-MM2, wherein the
manipulation results in two 64-bit registers 1998-1999 that each comprise the
color components that define each of two pixels. In one embodiment, the
manipulation comprises the logical combination of two registers MM0-MM1
of the set of three 64-bit registers MM0-MM?2, wherein the combination results
in a first MM4 and a second MMS5 combined 64-bit register. The first
combined register MM4 comprises a first and a second 8-bit color component
for each of a first and a second pixel, and the second combined register MMS5
comprises a first and a second 8-bit color component for each of a third and a
fourth pixel. A third combined 64-bit register MM3 is generated by
performing an unpack operation 1920 on the lower 32 bits of the third 64-bit
register MM2, wherein the third combined register MM3 comprises a third 8-
bit color component for each of the first and second pixels. A fourth combined
64-bit register MM6 is generated by performing an unpack operation 1922 on
the upper 32 bits of the third 64-bit register MM2, wherein the fourth
combined register MM6 comprises a third 8-bit color component for each of
the third and fourth pixels.

Specifically, in one embodiment, following the step of placing, step
1706, each register of the set of three 64-bit registers comprises data for one
color component of each of four pixels. Therefore, the step of assembling, step
1708, comprises the step of assembling results for the Red and Green color
components of four pixéls, the step of assembling results for the Blue color

components of four pixels, and the step of piecing together the Red, Green,
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components of four pixels comprises performing a bitwise logical OR of the
contents of the first MMO and second MM1 64-bit registers of the set of three
64-bit registers. The resultant 64-bit register 1950 comprises eight 8-bit
numbers, or color components, wherein four 8-bit numbers comprise data for
the Red color component of each of four pixels and four 8-bit numbers
comprise data for the Green color component of each of the four pixels, but the
invention is not so limited. In one embodiment, the contents of the resultant
64-bit register 1950 are substituted for the first 64-bit register MMO of the set of
three 64-bit registers. An unpack operation (unpack low from word to
doubleword) 1952 is performed on the lower 32 bits of the resultant 64-bit
register 1950 to produce a first combined 64-bit register MM4 comprising data
for the Red color component and the Green color component of each of a first
and second pixel. An unpack operation interleaves data by taking one
operand from one register and one operand from a corresponding location in
another register and placing both operands contiguously in a register. An
unpack operation (unpack high from word to doubleword) 1954 is performed
on the upper 32 bits of the resultant 64-bit register 1950 to produce a second
combined 64-bit register MMS comprising data for the Red color component
and the Green color component of each of a third and fourth pixel.

The step of assembling the results for the Blue color components of four
pixels comprises performing an unpack operation (unpack low from word to
doubleword) 1920 on the lower 32 bits of the third 64-bit register MM2 to
produce a third combined 64-bit register MM3 comprising data for the Blue

color component of each of a first and second pixel. An unpack operation
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bits of the third 64-bit register MM2 to produce a fourth combined 64-bit
register MM6 comprising data for the Blue color component of each of a third
and fourth pixel.

The step of piecing together the Red, Green, and Blue components to
form two 64-bit registers 1998-1999 comprises performing a first logical OR
1924 of the first MM4 and third MM3 combined 64-bit registers to produce a
first graphic register 1998 and performing a second logical OR 1926 of the
second MMS5 and fourth MM6 combined 64-bit registers to produce a second
graphic register 1999. The first graphic register 1998 comprises three 8-bit
color components that define each of a first 1930 and second 1932 pixel. The
second graphic register 1999 comprises three 8-bit color components that
define each of a third 1934 and fourth 1936 pixel.

In one embodiment, the CVTPS2PB instruction previously discussed
herein is used to convert the color components in the floating point format to
color values in an integer format, at step 1704. Figures 20a and 20b are data
flow diagrams of the parallel conversion of graphic color data using the
CVTPS2PB instruction of one embodiment. Using this instruction, the step of
converting, step 1704, comprises converting four 32-bit color components
2002-2008 located in a 128-bit register XIMMO to four 8-bit numbers 2012-2018,
or color components, in a 64-bit register MMO. In one embodiment, the
aforementioned steps are performed for each of three 128-bit registers XMMO-
XMM2, wherein one 128-bit register XMMO0 comprises data for a Red color
component of each of four pixels, one 128-bit register XMM1 comprises data
for a Green color component of each of four pixels, and one 128-bit register
XMM2 comprises data for a Blue color component of each of four pixels, but

the invention is not so limited. In an alternate embodiment, a fourth 128-bit
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registers may comprise data for the color components of a pixel, and each
register of the set of three 64-bit registers may comprise data for the color
components that define a pixel.

The step of placing, step 1706, comprises placing the four 8-bit
numbers, or color components, in the integer format in a 64-bit register.
Therefore, in one embodiment, a first 64-bit register MMO corresponding to a
first 128-bit register XMMO comprises the Red component data for each of four
pixels, a second 64-bit register MM1 corresponding to a second 128-bit register
XMM1 comprises the Green component data for each of the four pixels, and a
third 64-bit register MM2 corresponding to a thirci 128-bit register XMM2
comprises the Blue component data for each of the four pixels, but the
invention is not so limited.

The step of assembling, step 1708, generally comprises manipulating
the contents of the set of three 64-bit registers MM0-MM?2, wherein the
manipulation results in two 64-bit registers 2098-2099 that each comprise the
color components that define each of two pixels. In one embodiment, the
manipulation comprises the logical combination of two registers MM0-MM1
of the set of three 64-bit registers MM0-MM2, wherein the combination results
in a first MM4 and a second MM5 combined 64-bit register. The first
combined register MM4 comprises a first and a second §-bit color component
for each of a first and a second pixel, and the second combined MMS register
comprises a first and a second 8-bit color component for each of a third and a
fourth pixel. A third MM3 and a fourth MM6 combined 64-bit register are
generated from the Jogical combination of one register MM2 of the set of three

64-bit registers and a fourth 64-bit register 1910 containing logic zeros. The
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comprises a third 8-bit color component for each of the third and fourth pixels.

" Alogical combination of the first MM4 and third MM3 combined
registers results in a first 64-bit graphic register 2098; the first graphic register
2098 comprises three 8-bit color components 2030 that define a color of a first
pixel and three 8-bit color components 2032 that define a color of a second
pixel. A logical combination of the second MMS5 and fourth MM6 combined
registers results in a second 64-bit graphic register 2099; the second graphic
register 2099 comprises three 8-bit color components 2034 that define a color of
a third pixel and three 8-bit color components 2036 that define a color of a
fourth pixel. In an alternate embodiment, each of the combined registers may
comprise two 8-bit transparency components for each of the corresponding
pixels, and each of the graphic registers may comprise an 8-bit transparency
component corresponding to each represented pixel.
Specifically, in one embodiment, following the step of placing, step
1706, each register of the set of three 64-bit registers MM0-MM?2 comprises
data for one color component of each of four pixels. Therefore, the step of
assembling, step 1708, comprises the step of assembling results for the Red
and Green color components of four pixels, the step of assembling results for
the Blue color components of four pixels, and the step of piecing together the
Red, Green, and Blue components to form two 64-bit registers 2098-2099,
wherein each register comprises the data for the color components that define
each of two pixels.
The step of assembling the results for the Red and Green color

components of four pixels comprises performing an unpack operation (unpack

low from byte to word) 2056 on the contents of the first MMO and second
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QQRORRR# SaBesdtant 64-bit register 2050 comprises eight 8-bit numbers, or color

components, wherein four 8-bit numbers comprise data for the Red color

component of each of four pixels and four 8-bit numbers comprise data for the

Green color component of each of the four pixels, but the invention is not so

limited. In one embodiment, the contents of the resultant 64-bit register 2050

are substituted for the first 64-bit register MMO of the'set of three 64-bit

registers MMO-MM2. An unpack operation (unpack low from word to

doubleword) 2052 is performed on the lower 32 bits of the resultant 64-bit

register 2050 to produce a first combined 64-bit register MM4 comprising data

for the Red color component and the Green color component of each of a first

and second pixel. An unpack operation (unpack h-igh from word to

doubleword) 2054 is performed on the upper 32 bits of the resultant 64-bit

register 2050 to produce a second combined 64-bit register MM5 comprising

data for the Red color component and the Green color component of each of a

third and fourth pixel.

The step of assembling the results for the Blue color components of four

pixels comprises performing an unpack operation (unpack low from byte to

word) 2058 on the contents of the third 64-bit register and a fourth 64-bit

register MM3 containing logical zeros. The resultant 64-bit register 2060

comprises four 8-bit numbers that are the data for the Blue component of each

of the four pixels. In one embodiment, the contents of the resultant 64-bit

register 2060 are substituted for the third 64-bit register MM2 of the set of

three 64-bit registers MM0-MM2. An unpack operation (unpack low from

word to doubleword) 2062 is performed on the lower 32 bits of the resultant

64-bit register 2060; the result of the unpack replaces the contents of the fourth
64-bit register MM3, wherein the fourth 64-bit register MM3 now comprises
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on the upper 32 bits of the resultant 64-bit register 2060 to produce a seventh

64-bit register MM6 comprising data for the Blue color component of each of a

third and fourth pixel.

The step of piecing together the Red, Green, and Blue components to

form two 64-bit registers 2098-2099 comprises performing a first logical OR

2070 of the first MM4 and third MM3 combined 64-bit registers to produce a

first graphic register 2098 and performing a second logical OR 2072 of the

second MM5 and fourth MM6 combined 64-bit registers to produce a second

graphic register 2099. The first graphic register 2098 comprises three 8-bit

color components that define each of a first 2030 and second 2032 pixel. The

second graphic register 2099 comprises three 8-bit color components that

define each of a third 2034 and fourth 2036 pixel.

While the present invention has been described with reference to

specific exemplary embodiments, it will be evident that various modifications

and changes may be made to these embodiments without departing from the

broader spirit and scope of the invention as set forth in the claims.

Accordingly, the specification and drawings are to be regarded in an

illustrative rather than a restrictive sense.
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L. A method for parallel processing of graphics data, the method comprising the steps of:

10

storing a plurality of color components in a floating point format in at least one register of

a set of 128-bit registers in the packed format;

converting the plurality of color components in a floating point format to a plurality of

numbers in an integer format;

placing the plurality of numbers in the integer format in at least one register of a set of

64-bit registers in the packed format; and

assembling color components for each of a plurality of pixels from the plurality of

numbers in the integer format in the at least one register of a set of 64-bit registers.

2. The method of claim 1, wherein the color components in each of the at least one register

of a set of 128-bit registers represent values in the same color plane.

3. The method of claim 1, wherein the color components in each of the at least one register

of a set of 128-bit registers represent color components that define a color of a pixel.

4. The method of claim 1, wherein the step of converting comprises the steps of:

converting first and second 32-bit color values located in the lower 64 bits of a 128-bit

register to first and second 32-bit numbers in the integer format;

shifting third and fourth 32-bit color values located in the upper 64 bits of the 128-bit

register into the lower 64-bits of the 128-bit register; and

converting the third and fourth 32-bit color values to third and fourth 32-bit numbers in

the integer format.

5. The method of claim 4, wherein the step of placing comprises the steps of:

placing the first and second 32-bit numbers in the integer format in a first 64-bit register,

and

placing the third and fourth 32-bit numbers in the integer format in a second 64-bit

register.
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7. The method of claim 5, wherein each register of a set of six 64-bit registers comprises

data for one color component of each of two pixels.

8. The method of claim 7, wherein a seventh and eighth 64-bit register each comprise

transparency data for each of two pixels.

9. The method of claim 7, wherein the step of assembling comprises the steps of:

logically combining a first three registers of the set of six 64-bit registers, wherein the
combination results in a first combined 64-bit register comprising three 8-bit color components
for each of a first and a second pixel;

logically combining a second three registers of the set of six 64-bit registers, wherein the
combination results in a second combined 64-bit register comprising three 8-bit color components

for each of a third and a fourth pixel.

10. The method of claim 1, wherein the step of converting comprises converting four 32-bit

color components located in a 128-bit register to four 16-bit numbers in a 64-bit register.
11. The method of claim 10, wherein each register of a set of three 128-bit registers
comprises data for one color component of each of four pixels, wherein each register of a set of

three 64-bit registers comprises data for one color component of each of four pixels.

12. The method of claim 11, wherein a fourth 128-bit register and a fourth 64-bit register

each comprise transparency data for each of four pixels.
13. The method of claim 11, wherein the step of placing comprises placing the four 16-bit

numbers in the integer format in a 64-bit register.
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14. The method of claim 13, wherein the step of assembling comprises manipulating the
contents of the set of 64-bit registers, wherein the manipulation results in each 64-bit register

comprising a plurality of color components that define a color of a pixel.

15. The method of claim 14, wherein the manipulation comprises the steps of:

logically combining two registers of the set of three 64-bit registers, wherein the
combination results in a first and a second combined 64-bit register, wherein the first combined
register comprises a first and a second 8-bit color component for each of a first and a second
pixel, wherein the second combined register comprises a first and a second 8-bit color component
for each of a third and a fourth pixel;

generating a third and a fourth combined 64-bit register, wherein the third combined
register comprises a third 8-bit color component for each of the first and second pixels, wherein
the fourth combined register comprises a third 8-bit color component for each of the third and
fourth pixels;

logically combining the first and third combined registers, wherein the combination
results in a first 64-bit graphic register, wherein the first graphic register comprises three 8-bit
color components that define a color of a first pixel and three 8-bit color components that define a
color of a second pixel; and

logically combining the second and fourth combined registers, wherein the combination
results in a second 64-bit graphic register, wherein the second graphic register comprises three 8-
bit color components that define a color of a third pixel and three 8-bit color components that

define a color of a fourth pixel.

16. The method of claim 15, wherein each of the combined registers comprises two 8-bit
tranparency components for each of a first and a second pixel, wherein each of the graphic

registers comprise an 8-bit transparency component.
17. The method of claim 13, wherein the step of assembling comprises manipulating the

contents of the set of 64-bit registers, wherein the manipulation results in each 64-bit register

comprising a plurality of color components that define a color of each of two pixels.

-51-



U& ()-y&F10% U& () -bbC 10'Y , 10% h& ()-g 10% h& ()-Tl L10% h& ()-(nﬂ.goﬁ)% P 2002
h& ()- 10 U 10 U 10 U@10% U&' ()-:8dEbC 10! "10% h& ()- 10% h& () - 0/%
Lh& ()-10% h& ()-F 10% h& ()-S 10% h& ()-2z] 1 zdEbC 10! OF 10% h& ()- f/10%
h& ()--10% h& ()- y,10% h& ()-y) @10% h& ()-9g%0% h& ()-gNy+, -.;rdVv7
10" 109B&' () - 10<h<h 10<h<h 10<h<h! 6mM0%h<h& ()-- S57Z10% h& ()-3-10% h& () -
f210% h& ()-; <-dEdV7 10" F1l09B& ()-109B& ()- F S109B& ()-109B& ()- F

18. The method of claim 17, wherein the manipulation comprises the steps of:

logically combining two registers of the set of three 64-bit registers, wherein the
combination results in a first and a second combined 64-bit register, wherein the first combined
register comprises a first and a second 8-bit color component for each of a first and a second
pixel, wherein the second combined register comprises a first and a second 8-bit color component
for each of a third and a fourth pixel;

logically combining one register of the set of three 64-bit registers with a 64-bit register
containing logic zeros, wherein the combination results in a third and a fourth combined 64-bit
register, wherein the third combined register comprises a third 8-bit color component for each of
the first and second pixels, wherein the fourth combined register comprises a third 8-bit color
component for each of the third and fourth pixels;

logically combining the first and third combined registers, wherein the combination
results in a first 64-bit graphic register, wherein the first graphic register comprises three 8-bit
color components that define a color of a first pixel and three 8-bit color components that define a
color of a second pixel; and

logically combining the second and fourth combined registers, wherein the combination
results in a second 64-bit graphic register, wherein the second graphic register comprises three 8-
bit color components that define a color of a third pixel and three 8-bit color components that

define a color of a fourth pixel.

19. The method of claim 18, wherein each of the combined registers comprise an 8-bit
tranparency component for each corresponding pixel, wherein each of the graphic registers

comprise an 8-bit transparency component corresponding to each represented pixel.

20. The method of claim 10, wherein each register of a set of three 128-bit registers
comprises data for a plurality of color components of a pixel, wherein each register of a set of
three 64-bit registers comprises data for a plurality of color components of a pixel, wherein the

data for a plurality of color components defines a pixel color.

21. The method of claim 1, wherein the step of converting comprises converting four 32-bit

color components located in a 128-bit register to four 8-bit numbers in a 64-bit register.
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U& ()-0 22. The method of claim 21, wherein each register of a set of three 128-bit registers
comprises data for one color component of each of four pixels, wherein each register of a set of

three 64-bit registers comprises data for one color component of each of four pixels.

23. The method of claim 22, wherein a fourth 128-bit register and a fourth 64-bit register

each comprise transparency data for each of four pixels.

24. The method of claim 22, wherein the step of placing comprises placing the four 8-bit

numbers in the integer format in a 64-bit register.

25. The method of claim 21, wherein each register of a set of three 128-bit registers
comprises data for a plurality of color components of a pixel, wherein each register of a set of
three 64-bit registers comprises data for a plurality of color components of a pixel, wherein the

data for a plurality of color components defines a pixel color.

26. The method of claim 1, wherein the step of converting comprises the steps of:
accessing rounding mode bits from a register holding a conversion instruction; and
rounding the at least one number in the integer format according to a rounding mode

indicated by the rounding mode bits.

27. The method of claim 1, wherein the floating point format is a single precision 32-bit

floating point format, and wherein the integer format is a 32-bit integer format.

28. At least one instruction for parallel processing of graphics data, which when executed
causes a computer to perform the following steps:

storing a plurality of color components in a floating point format in at least one register of
a set of 128-bit registers in the packed format;

converting the plurality of color components in a floating point format to a plurality of
numbers in an integer format;

placing the plurality of numbers in the integer format in at least one register of a set of
64-bit registers in the packed format; and

assembling color components for each of a plurality of pixels from the plurality of
numbers in the integer format in the at least one register of a set of 64-bit registers.
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29. The at least one instruction of claim 28, wherein the step of converting comprises the
steps of:
converting first and second 32-bit color values located in the lower 64 bits of a 128-bit
register to first and second 32-bit numbers in the integer format;
shifting third and fourth 32-bit color values located in the upper 64 bits of the 128-bit
register into the lower 64-bits of the 128-bit register; and
converting the third and fourth 32-bit color values to third and fourth 32-bit numbers in

the integer format.

30. The at least one instruction of claim 29, wherein the step of placing comprises the steps
of:

placing the first and second 32-bit numbers in the integer format in a first 64-bit register;
and

placing the third and fourth 32-bit numbers in the integer format in a second 64-bit
register.
31. The at least one instruction of claim 30, wherein the step of assembling comprises

manipulating the contents of the set of 64-bit registers, wherein the manipulation results in each

64-bit register comprising a plurality of color components of a pixel.

32, The at least one instruction of claim 30, wherein each register of a set of six 64-bit
registers comprises data for one color component of each of two pixels, wherein the step of
assembling comprises the steps of:

logically combining a first three registers of the set of six 64-bit registers, wherein the
combination results in a first combined 64-bit register comprising three 8-bit color components
for each of a first and a second pixel;

logically combining a second three registers of the set of six 64-bit registers, wherein the
combination results in a second combined 64-bit register comprising three 8-bit color components

for each of a third and a fourth pixel.
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33. The at least one instruction of claim 28, wherein the step of converting comprises
converting four 32-bit color components located in a 128-bit register to four 16-bit numbers in a
64-bit register, wherein each register of a set of three 128-bit registers comprises data for one
color component of each of four pixels, wherein each register of a set of three 64-bit registers

comprises data for one color component of each of four pixels.

34. The at least one instruction of claim 33, wherein each register of a set of three 128-bit
registers comprises data for one color component of each of four pixels, wherein each register of

a set of 64-bit registers comprises data for one color component of each of four pixels.

35. The at least one instruction of claim 34, wherein the step of assembling comprises the
steps of:

logically combining two registers of the set of three 64-bit registers, wherein the
combination results in a first and a second combined 64-bit register, wherein the first combined
register comprises a first and a second 8-bit color component for each of a first and a second
pixel, wherein the second combined register comprises a first and a second 8-bit color component
for each of a third and a fourth pixel;

generating a third and a fourth combined 64-bit register, wherein the third combined
register comprises a third 8-bit color component for each of the first and second pixels, wherein
the fourth combined register comprises a third 8-bit color component for each of the third and
fourth pixels;

logically combining the first and third combined registers, wherein the combination
results in a first 64-bit graphic register, wherein the first graphic register comprises three 8-bit
color components that define a color of a first pixel and three 8-bit color components that define a
color of a second pixel; and

logically combining the second and fourth combined registers, wherein the combination
results in a second 64-bit graphic register, wherein the second graphic register comprises three 8-
bit color components that define a color of a third pixel and three 8-bit color components that

define a color of a fourth pixel.

36. The at least one instruction of claim 28, wherein the step of converting comprises
converting four 32-bit color components located in a 128-bit register to four 8-bit numbers in a
64-bit register.
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37. The at least one instruction of claim 36, wherein each register of a set of three 128-bit
registers comprises data for one color component of each of four pixels, wherein each register of

a set of three 64-bit registers comprises data for one color component of each of four pixels.

38. The at least one instruction of claim 37, wherein the step of assembling comprises the
steps of:

logically combining two registers of the set of three 64-bit registers, wherein the
combination results in a first and a second combined 64-bit register, wherein the first combined
register comprises a first and a second 8-bit color component for each of a first and a second
pixel, wherein the second combined register comprises a first and a second 8-bit color component
for each of a third and a fourth pixel,

logically combining one register of the set of three 64-bit registers with a 64-bit register
containing logic zeros, wherein the combination results in a third and a fourth combined 64-bit
register, wherein the third combined register comprises a third 8-bit color component for each of
the first and second pixels, wherein the fourth combined register comprises a third 8-bit color
component for each of the third and fourth pixels;

logically combining the first and third combined registers, wherein the combination
results in a first 64-bit graphic register, wherein the first graphic register comprises three 8-bit
color components that define a color of a first pixel and three 8-bit color components that define a
color of a second pixel; and

logically combining the second and fourth combined registers, wherein the combination
results in a second 64-bit graphic register, wherein the second graphic register comprises three 8-
bit color components that define a color of a third pixel and three 8-bit color components that

define a color of a fourth pixel.

39. A processor comprising:
a decoder configured to decode instructions, and
a circuit coupled to the decoder, the circuit in response to at least one decoded instruction
being configured to,
store a plurality of color components in a floating point format in at least one

register of a set of 128-bit registers in the packed format,
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convert the plurality of color components in a floating point format to a plurality
of numbers in an integer format,

place the plurality of numbers in the integer format in at least one register of a set
of 64-bit registers in the packed format, and

assemble color components for each of a plurality of pixels from the plurality of

numbers in the integer format in the at least one register of a set of 64-bit registers.

40. The processor of claim 39, wherein the circuit is further configured to convert the
plurality of color components by:

converting first and second 32-bit color values located in the lower 64 bits of a 128-bit
register to first and second 32-bit numbers in the integer format;

shifting third and fourth 32-bit color values located in the upper 64 bits of the 128-bit
register into the lower 64-bits of the 128-bit register; and

converting the third and fourth 32-bit color values to third and fourth 32-bit numbers in

the integer format.

41. The processor of claim 40, wherein the circuit is further configured to place the plurality
of numbers by:

placing the first and second 32-bit numbers in the integer format in a first 64-bit register;

and

placing the third and fourth 32-bit numbers in the integer format in a second 64-bit
register.
42, The processor of claim 41, wherein the circuit is further configured to assemble color

components by manipulating the contents of the set of 64-bit registers, wherein the manipulation

results in each 64-bit register comprising a plurality of color components of a pixel.

43, The processor of claim 41, wherein each register of a set of six 64-bit registers comprises
data for one color component of each of two pixels, wherein the circuit is further configured to
assemble color components by:
logically combining a first three registers of the set of six 64-bit registers, wherein the
combination results in a first combined 64-bit register comprising three 8-bit color components
for each of a first and a second pixel;
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register to four 16-bit numbers in a 64-bit register, wherein each register of a set of three 128-bit
registers comprises data for one color component of each of four pixels, wherein each register of

a set of three 64-bit registers comprises data for one color component of each of four pixels.

45, The processor of claim 44, wherein each register of a set of three 128-bit registers
comprises data for one color component of each of four pixels, wherein each register of a set of

64-bit registers comprises data for one color component of each of four pixels.

46. The processor of claim 45, wherein the circuit is further configured to assemble color
components by:

logically combining two registers of the set of three 64-bit registers, wherein the
combination results in a first and a second combined 64-bit register, wherein the first combined
register comprises a first and a second 8-bit color component for each of a first and a second
pixel, wherein the second combined register comprises a first and a second 8-bit color component
for each of a third and a fourth pixel;

generating a third and a fourth combined 64-bit register, wherein the third combined
register comprises a third 8-bit color component for each of the first and second pixels, wherein
the fourth combined register comprises a third 8-bit color component for each of the third and
fourth pixels;

logically combining the first and third combined registers, wherein the combination
results in a first 64-bit graphic register, wherein the first graphic register comprises three 8-bit
color components that define a color of a first pixel and three 8-bit color components that define a
color of a second pixel; and

logically combining the second and fourth combined registers, wherein the combination
results in a second 64-bit graphic register, wherein the second graphic register comprises three 8-
bit color components that define a color of a third pixel and three 8-bit color components that
define a color of a fourth pixel.
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47. The processor of claim 39, wherein the circuit is further configured to convert the
plurality of color components by converting four 32-bit color components located in a 128-bit

register to four 8-bit numbers in a 64-bit register.

48. The processor of claim 47, wherein each register of a set of three 128-bit registers
comprises data for one color component of each of four pixels, wherein each register of a set of

three 64-bit registers comprises data for one color component of each of four pixels.

49. The processor of claim 48, wherein the circuit is further configured to assemble color
components by:

logically combining two registers of the set of three 64-bit registers, wherein the
combination results in a first and a second combined 64-bit register, wherein the first combined
register comprises a first and a second 8-bit color component for each of a first and a second
pixel, wherein the second combined register comprises a first and a second 8-bit color component
for each of a third and a fourth pixel;

logically combining one register of the set of three 64-bit registers with a 64-bit register
containing logic zeros, wherein the combination results in a third and a fourth combined 64-bit
register, wherein the third combined register comprises a third 8-bit color component for each of
the first and second pixels, wherein the fourth combined register comprises a third 8-bit color
component for each of the third and fourth pixels;

logically combining the first and third combined registers, wherein the combination
results in a first 64-bit graphic register, wherein the first graphic register comprises three 8-bit
color components that define a color of a first pixel and three 8-bit color components that define a
color of a second pixel; and

logically combining the second and fourth combined registers, wherein the combination
results in a second 64-bit graphic register, wherein the second graphic register comprises three 8-
bit color components that define a color of a third pixel and three 8-bit color components that

define a color of a fourth pixel.
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