\]”*_e3ezwl d268T] fi a 2 6 SEP 2002 WO 99/ 57631 PC TI LJS99/ 05481 CONYRER:pCH)
¢BETV\EEN PACKED FLOATI NG PO NT DATA AND PACKED 32-BI T | NTEGER DATA IN
i DI FFERENT ARCHP TE&PBRAL REG STERS FI ELD OF THE | NVENTI ON The pH@4é§e9/05481
invention relates generally to the parallel manipulation of data and, nore
particularly, to the parallel conversion of data between data formats in

di 1 erent ar chi @iy oAl BEST9E: BACKCREAPL B TG IBRUT LN AN, o o2l
conput er syste

represented by ePA@g@ APHRIFTINOFEGERSD AfTey 1N DRIRFERENSP AR CHITHSTORAL
instructions that produce one result. MI e, the execution of an add

instruction will add together a first | ue and a second 32-bit
value and store the result as a third 32-bit value. Sone applications,
however, require the mani pul ati on of |arge anounts of data represented by

fewer than 32 MELD.OMIHE INEENTIONphi cs, for instance, are typically
generated by treating an image as a collection of small, independently
controll ed dots, ofhgipesent %tkopdﬁlaé%fogweﬁ%lbé@ the Pacaliel manipulagion of

cor responding ¢ tagaf B'uﬁ%ﬁ ea}éz?rhthﬂlr %f}eﬁ%‘}% h%’rsﬁ)ﬁ SENRE BeRRndRR! LS.

The processing e anou roug p1 pell ne reqU|red by
gr aphi cs applﬁ@ﬁﬁa@mﬁd@@ﬂegfﬁ&hh&ihﬂﬁﬁ@gﬁ&nﬂrOCGSSIng time and sl ow
graphi cs rendering correspondi ngly. Miltinedia graphics applications

i nclude, but are not limted to, applications targeted at conputer

supported coopey, URECOF Fre dhRRgteng! (2D) graphics,

t hr ee- di nensi m#%r‘a‘pﬁrcs—l‘chsm ng, video

conpr essi on/ deconpile sgpiofl, congnagnststeans, 3 rgodssdisnmse &nplleamhted NBOprateadn on.
As such, the data of multimedia applications typical Iy conBrl ses still

i mages or vi d¥8!uesaRBReSERGIRUMBTERRAMPERE! Pits dpLeBMmRIRS KPS, |usmage or
d d I d
video data are,dyples %Mﬁ&%&éé@&ﬁ@%ﬁ@l %.réxarggl%g\éi%{egﬁpbga a gﬁ&ts an

the sound data 1s typrca repr ésented usi ng enent s.
When processi ngstradtion®ill ﬁdd}ledg@t}mmmi:issimgxtstaﬂdxd andragesona 3bid ealerades,

t he 2 6 SEP 2002 ' WD 99157631 PCT( US99/ 05481 sane operation is often
performed rep&taredns residrasa thirgs32rbis vaiuee|Soms appiicatipag dioyyever. require thare.

As h of thes
A gor thne, - aR LR e AR b Aol RIAT A LR AR B A TREE
mul timedi a exMﬂsﬂ-m&ﬂxw%ﬁ@hﬁ@ fox eredtdrecel bee ?@Eﬂallplgehaialtéﬂlbymfba&nglah 16-bi t,

or even 32-bit data while processing two, eéqght dat a sarrpl es at a
time speeds upmeserpueaplerionafsmadl Hidnpendariy sentaplied dai 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 processi.r;mg,
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 16-bit data elements.

When processing multimedia data comprising still images or video frames, the
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To inprove efficiency of nultinedia applications, as well as other 26 SEP 2002
~applicati o%%?\%}g simlar characteristics, prior art processors use

. packed datd formits. A packed data format is one in which aPEEUSEYH*Hunber
of fixed sized data el enents, each of which represents a separate val ue,
are stored together. For exanple, a 64-bit register may be broken into two
32-bit el en%%e% &360n ¥ ol g@&&ﬁﬁ&&% atedd %%@ﬁé@h?ﬁ?@'&b#s d’?%é’ﬁnaé‘é"

addi tion, these %I‘IOI’ art processors provi d% |nstruct|o}r2|s or separately
mani pul at i nor efabh frimeress eadh ohbese padtumdd deatpplicppess typiqdlyahdeadne dror

exanpl e, a packed add instructiqgn adds taq her correspondi ng data el enents
froma firsfo g‘ﬁ@ﬂt ?amé{ﬁi“% 33%%&6“ B&H‘%ﬁ WEf 4. "UR ‘g",Ofid‘?Peéatr‘r?ﬂst'i medi a
algorithmr i . i ¢l i i ta_ erfornmed
on’a 1 arge e e R B B e e
per f or m t hesen®2eviatiaanshile ppacestingltwosfong, qedgkrodatatsamipied atuctinens. | n

this manner, these processors can npre effici eEt |y process multinedia
appl i cat i onPeethBP EpBRLtationg e pxhiBitdadparallBEST e required for graphics

rendering in mlfd o%eae?@éibﬁgf meimR?&iﬁ'ak hic&fi&%e§§w2e%alssotﬁ§xed1 wher ei n
a single instruction operates on nultiple efFénents Of data;” thi's process is
typically r&jpicationd kaviag Sirnfhecharaéteristidsppridbiadt ippbeesBlodsaise Pabvkid data
processing. Typically, integer instructions operate on jndiyvidual integer
dat a el enenfosmas. A ppckerhdata fprmatisongdr whnah a Rerfpindrumbereeffixedsizadnt eger
data ar aySqfALlomed, chciPht wiyfl doprbliSles Dedatadb B WITREL 0L ELEBROL S i1 t he
array. Typical "prior’art processing systens, In rendering |grrages, used
only i nt egeFortxhehplé) at 46big eogiter YnAnisk brakbr intoaWdBR-phasefemecaRoft he

smal | er range of coordinate values did not necessitate the precision of
floating povhichdepresatsiasepFrate dedbitevalugelnpgdditipasthgse prigaartrrraerssess usi ng
SI MD processj L2~ S >CT 381 integer data,
meani ng tha‘?‘lorqueclgﬁt\fle“rztgﬁgnf%ggép%/}gﬁqgg’? %Sﬁ%q"ﬁgre eggg{ee V\?engrlln %eeseip At lgegc{er
format and ddie tfpesahipacalQi For Esdriple, a pavkdeddd indtruetigfladdg tédatherges, the
data mani pul ations perforned for the g.eorretry phase are typically perforned

usi ng f | oatGosEespendinga4ata plemments fomadisstarcked dpirand » serpndapackaiues t hat

define the red pat n f. recisi.or ired within
this range cfagg'agjaggé %Wﬁ‘ﬁ‘&?é%%@g‘?%ﬁs&%ééﬁ% sc% e@%ﬁéggghe col or
conponent daieRatiGnsathhEfust bé perfanded il ldt gt ©8nBE OGN Mtk tellerhBts Ci@ ks espondi ng
position data it is convenient to performoperations on the rasterization
dat a conpr i $4sHgbledp pack snpdrtarmndipgréons thege ppewtiong ipermiledpsingnet i c. Upon
conpl eti on of ssing...the r.di S he ited. i re

o ovi ded 1 PackEd EETRMMcsoR, ERREIRARI e PRSI R e SR e . 11
contrast, tpgrecesmiltigutioapplicatidra. i s provided to the rasterization
circuitry using _the -integer format. Therefore, the col or. conponent data
used to render tihersfpegyén prderdaved ueatthetigng ractireddyar igrepiy6s FRNdRENEER to t he
i nteger for - ne.order. 1o re f ' [ problemin the
prior art pr?{gkléis\és]%?sa‘ggéfclﬁborgr E/%Fapl)lF g fadscg?s %gg %f&g%aép g;pl)%lg@ %Ra@ & is that ,

whi | e par alihedru@iorcsdrh e oferyiuleplp eldnteri®ef @ataf iheapidtesPritppicdaya, the
conversion of the floati n&@?oi nt data to int 6%3 data for rasterization
creates a befertesnteds Single hastpuesianshulgpleilpdn (M Bpeassesinge Typicetyar t

al gorithns .performconversions sequentjaklly. A prior art th f dealing
W h this: pPaBrerrHae T saoee e B AR R mised s Bl (Rt Bl Tor the
processor . SIS irdeilcti6As, iHoveler| §iSerbitelRSintlgded Watd Atfray oA f1L.99t BIG.. RY), Nt

pi pel i nes executing at the sane tine wherein the floating point data of
each br anchvibgrethis thg pembae ot alenmsatsisthentiaal |y converted to integer format
at the sane ti rT? V\hhl e the drelca%.due (o dhe é:no&vxersj,lan eaxecutiggnl
bottleneck may b&PrEHBESH2 I THE QTS TP thETHGAME ondm2Rar dRaT €™ he
addi tional jheeiasg ih fies g@&ﬁétr&%dcr%t@riaﬂ@oﬁFﬁﬁse@fbeEMe&Ylétsﬁ{ml\éhtd e

i ncreasing the overall corlPI exity of the system SUWMARY OF THE | NTI ON 3
of coordinate values did not necessitate the precision of floating point

arithmetic. Therefore, the graphics data was rendered using SIMD processing

2



"2 6 SEP 2002 WD 99/ 7G31 PCT/ US99/ 05481 A nethod and apparatus for 2 6 SEP 2002
converting a nunber between a floating point format and an integer format

. are descri b®P%gffdlers are stored in the integer format in aPECEGSEVeH8Lf a
first set of architectural registers in a packed format. At |east one of

the nunbers in the integer format is converted to at |east one nunber in

the floating i far. T e Ln. floatin l.nt, f or mat ,are
placed in a rog%ltés]‘t%eerr&(g' ae%%%gﬁ%%g%tgog}vegsrléﬂﬁagc i éllll)grr e%%lgetdebregwleﬁn g‘epacked
format. O hemntbgatfornat and tiediedtiragssineforof. present invention will be
apparent fromthe_ acconpanying draw ngs and fromthe detail ed description
and appended cl ai B®WeaYEf, ingeneéeyingBBimages, the DERGRRRPUbNIas PRHRTDRAW NGS

The present invention is iJlustrated,by of , exanmpl e..and naqt__limt.ation
' the 11 gur S B eefieb st 3yt Rt LadiBE S SRR RS iR ol peiificht

indi cate si mhe@s€befRiafgefhge bf Whiueb thdtl dHi@ the tSordiNAEBPARIandly St em of
one enbodinment. Figure 2 1s a processor of one enbodinent. Figure 3 is a
dual data pi pedause obthegprecisidyortiquirad withiguthés rnge taacucitelyaplobd thect ure of a

f di __Fi ' bi fl ogting-peint f t
lsed by o 12EBEreaineE e dies St SpBr cpatesr e¥grs Bten BBBARRRt - Figure
6 shows a paﬁlﬁ@l@pdla&fdréléhgQﬂtf@ﬂ@&f&@e@ﬁoﬁ@kﬁg pbitiorPAataRels@adEenibhOlef € 7

shows a scalar instruction operating on a I'east significant pair of the two
oper ands. Fi pefferrs opiematirrs qrathieadststigdtioredaiactomprising celor domgonentdata{UFPS

I nstruction of. o nbodi.nent. Figure 9 shows a register. file and

cor r espondi nas%ggﬁ)@?‘é‘ﬁ(ﬂ?‘gﬁgﬁmeﬁgo@%C%ﬂgfe ‘HB&E%&%WP?‘“& g'\fre 10is a

f1 owchart fOEo&ﬁﬂVaQéébMe%o%ﬁédirhggéﬁar‘é bldetQbTRé rdsterdzatRaked floating
point format according to a SI 2SS T'nstruction of one enbodi nent. 4 2 6

S E P 2002 Wir@gtryieing tHedlodtsgopditt fe8tnafi furenttdst,ithe @ofor cnaipanent data
converting a. nunber from a packed fl.oati n% &oi nt-.forma} to a..scalar format
accor di ng t o'SRIPY toéﬁ]a rfﬁfﬁf’@éﬁl 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 may be reduced
with the use of the additional hardware, the additional hardware increases the
cost and size of the system while increasing the overall complexity of the

system.

SUMMARY OF THE INVENTION




i nstructions of one enbodinent. Figure 12 is a flowhart for convertiZraSEP 2002
nunber fron})\poéoacked I nteger format to a packed floating point fornat
<according t & ®’EVAPI 2PS instruction of one embodi ment. Fi gur 8CTASIY0S8!
flowmchart for converting a nunber froma packed floating point format to a
packed integer format according to CVTPS2PI and CVITT' S2Pl instructions of

nbodi t. Fi | I f.Or i.ant 4 nst ti
ioed Tor conver | Ao e fhisa TR chaifind SRRABC VLB AR S

packed i nt egpeint G6Rit RELHT HitegeriformaMERBIENYe N SNuEHdrd AredftoddEn the
enbodi nent. Figure 15 is a flowhart for a third variant used for
converting alliegRsdPrmabin aregagreef 7 flpdseiRf asshiectary segistess ia apadked i nt eger

format accor fing, .3 YIESEPR HSHEARHORe Bheg0SoFRUPHI AR e il © 16 15

a flowchart onputatron 1 n nwhi

i nstructi onsleabt srenembedinmeiflcatiagssalt forina! Thd Auhdbeds il adiRatihgf or a
paral l el conversion of multiple co?or val ues froma single precision

fl oati ng poi peint épumeat are placegdduiafregistartad gseconsdt seftof efchitesturabregistenstin
Figure 18 is_a %atg fI%\é\/ di agram of a parallel conversion of graphic color
data using a? f|9I 'struction of one enbodinment. Figure 19 is a data

flow diagram of @iparfahhgbs GRNYEVHt8FesUf tHE pPeYenit GReAKoHAVIR BéSipParént
CV IT'S2PWinstruction of one enbodi nent.
from the accompanying drawings and from the detailed description and

appended claims that follow below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not
limitation in the figures of the accompanying drawings, in which like
references indicate similar elements and in which:

Figure 1 is a computer system of one embodiment.

Figure 2 is a processor of one embodiment.

Figure 3 is a dual data pipeline of one embodiment.

Figure 4 is a cache architecture of a processor of one embodiment.

Figure 5 is a binary floating-point format used by a 128-bit multimedia
extension registers of one embodiment.

Figure 6 shows a packed instruction 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 shuffle operation according to a SHUFPS
instruction of one embodiment.

Figure 9 shows a register file and corresponding conversion instructions
of one embodiment.

Figure 10 is a flowchart for converting a number from a scalar format to
a packed floating point format according to a CVTSI2SS instruction of one

embodiment.



Figure 20 is a data flow di agram of a parallel conversion of graphic X®SbR 2001
data using a\%‘ §L7§$PB instruction of one enbodi nent. DETAI LED DESCRI PTI ON

. A method and ‘2pparartus for performing parallel conversion of F5TFEBRIES
data is described, wherein the graphics data is converted in parallel

between different sets of architectural registers for processing. As such,

scalar S 2 6 SEP 2002 MVO 99/57631,.PCT/US99105481 ,i nteger data, or nenory
data may be conver é%i‘_”ieol\%/lsﬁa ?(‘“e”ahq‘rh)oartciorrl‘b’e%bx}%? n?‘g‘rbﬁﬁ%m?rha;?ﬁ%éqq _@‘Pa% ng
the instructi gﬂﬁnwo%ad&da Bes184 formblt @cara kol ¢ VLS BRIV TES AT | S

pr

mani pul ated to ovide the graphic data used in 3D inmage rendering.
Fol | owi ng maniipstradtians ofome epakedithent.oat i ng poi nt graphics data are

converted to a packed integer,format . in pargllel using.the instructions
Gesor bed her ol h - FRESISTHARE AGPENEE AItPRVGR e A BiTPE FouaPockr Rise”

di splay. In thgaRbRA pENe ﬂj&ﬁﬁ{g ﬁkﬁﬁt f&ﬂ{a@atd‘braﬁ% o ORI PIIPPRAStruction
architectural register is converted to another format and placed in anot her

archi t ect ur al ofegesmirodiffieate are advant ages realized fromplacing a result

of a conversion in_an arghitectural pegister.rather than in a menpry,
| ocation. Placing coaVrsiisR %%Ehat%hf oRyetting A PUEPSF P“?%QPE‘%%?&%E‘&

usage nodel s Bﬁﬁﬁt Rrehelo Egﬁél&’é@fdt rQ{)rrﬁatrz?chﬁ:hﬁ té EVHTIS8] gndor € ,
efficient . For exanple, i1nh the case of perform ng 3di nensional operations
usi ng fl oat i ngCYoTPE2Miingtrectidratofmmketemiicelioh@na (S| MD) regi sters and
perform ng rasterization usi SI.ND épegait sters, it would be incopveni ent for
i nt er medi ate conveld8H Y48 3 HQVERAThiora s6FeR VATIARIBF Y UCHR YS§dsf%Because t he

conver si on T ehyeritld Hubpel FSE hdaeked ISR Baick FAMITITR PhackBE BRIk al | ng
a nenory access operation that would place t results back 1n a register.
If it is ever foeqat acedrdingowad_ETESIRMWrisstoncticgsof dneteonbediorent. t hat can be
done easily with a_STORE instruction, In addition, g{%?ci ng conversi o%
results in a regi staBuieeldds el wieharbfor adhird \@rimtiuseq FQrCOnSREINER BURPEK b e
n SOMe SySt efom o RREL 0liAE ot BARE: B PEEIRAingE R idrfE iEidick to a
conput ati on operation cannot ve menory as both a Source of one erand
and the desti iQVTESRRH instrecties olf bne embadiraesthi t ect ural register is the
destination) as in_the descriped enbég_i r]e ts, a conversion_operation can

[

have memory as an SpEHENE 18 g ftquachagh Mecompiatinp dn AREeMHPARUs for
converting day@ﬁggq%%ﬁcggggg?o% &glog?rgﬁ (tl 3k QQed | 0ating point format and
ed. odi

a scalar format are descri n one e ment, the packed single
preci si on fl oati ng Fpguaretl7fisarfidw dairof caragparh Beledniversarcdfi hattiple adblor egiues er s
of a set of 128-bit archi te,c_tu[ﬂagri regi stefrs, while the scalar, formgt data
are placed in EMBisingle PRe¢igORfloatng iRt iormabo eRpRsINK infegarfermiRy el ong
met hod and appafidisiehpr converting data between a packed 6
Figure 18 is a data flow diagram of a parallel conversion of graphic color
data using a CVTPS2PI instruction of one embodiment.
Figure 19 is a data flow diagram of a parallel conversion of graphic color
data using a CVTPS2PW instruction of one embodiment.
Figure 20 is a data flow diagram of a parallel conversion of graphic color

data using a CVTPS2PB instruction of one embodiment.

DETAILED DESCRIPTION

A method and apparatus for performing parallel conversion of 3D
graphics data is described, wherein the graphics data is converted in parallel

between different sets of architectural registers for processing. As such, scalar
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"2 6 SEP 2002 WD 99/ 7631 PCT/L1S99/ 05481 single precision floating pa} tSEP 2001
format and a packed integer format are described. In one enbodi nent, packed
32-bit singM WIéision floating point format data are pl acedGTA/S99/05481
architectural registers of a set of 128-bit architectural registers, while
packed 32-bit integer format data are placed in architectural registers of
a set of 64-bit architectural registers. In other enhodi ts, .

archi tectur al"eBR) cg% 3r°_sr fﬂ%@“’ﬂéds IEFY]‘bng8HY'_3rg?cgg°s? pﬁ%rEdeg%%ﬁ}ge?oTﬁ& bi t
registers mayoRRatisghraldlead: ffe iBdnrliEtionsSstosIRidSherMal eMeSpackad TRaAAE and
apparatus for using the conversion instructions in the parallel conversion
of multiple poigrdatempuoasipulatedae poovidel the graghrio dapaeeddnsibhighagepr eci si on
floating point format_t acked j nteger fornmat e . descr.i pbed. .l ntended
advant ages oferditia BT GIHoRIPRTT, a5 PHer Jfet 8 PAREFTREI P R o
processing F'ap@cmnea%%gﬁe@h iﬁ@@f\é??&&miﬁ Eﬁﬂmeﬂﬁﬁﬁg the §R¢RR&BARE Nunber
of instructions I n the proctessing graphi cs data, no requirenent for

dupl i cat ed f ldestritregl lpexvieint. Enxeeparkiedrintegendaese usertitchregider anpmage dispbay.

processing efficiency. Figyre 1 is a conputer system 100 of one enbodi nment.
The conput er systzﬁ*rfl{?)@m}’ggéﬂerétiélﬁﬁ?réb%ngéﬁént%éoﬁ?“c‘&fﬁlﬁaé u t hat

can be used wid; 3 | j ' hexritbnpeg of
conput er sys?%‘?trls ,e?%@sﬁ%ﬁ?oﬁlg%%grfgﬁggﬁﬁdghggﬁp81 ﬁbetpglt I y,t %:/ouilﬂd al so be
used w th enbegisteenThenf arehedvpnexgentedlized ftdnoplaciipea cesubttfer cawstson 100

conprises a bus 101, or other co ni cati ons hardware apgd software, for
communi cat i n@niaﬁ%}HF%&ﬂa&ﬁ?glgﬁara&%ﬁ@&@@rmm@%g&ﬁ%& P g“f’ﬁ:’ec%]’sers_%‘l f or

processing i [ : r i ng
it (CPU) hacagh sl arctliieerplap CETERE ks LERIRBRNS (R ol Ton Bl REERR, o
set conputi ngfaCegiSleraeslit areahoreefficienedFoedxdmplel ircthieaases ef perdonmiinigrsy
(RISC) architecture. The processor 109 conprises:-an eerutiﬁg ?ghg 130, a
regi ster fil éimspsiogalepaesatiappusipg fleatingporgsinglaateamulips ¢atp BEMD170. The
term “regi St?ggistekéaﬁ‘éggrfﬁ% rats?erfz%ﬁi% dsth él?‘vt@@%ﬁé{e‘i’sﬁ{ %%E?&?é st or age

| ocations that®are used as part of nacro-rnstructions to 1dentify operands
(al so ref err egkonvea®nafehint@aiddiste coagesicr @pultd o of sreredimr tiemotre This
registers referred tqQ herein _are those that are visible fromthe outside of
the processors P§aE#% therByeE PR Fesuits Mt iieaymeqipinty esquitadel PRy st er s

descri bed heregi ' j I 4 B Si ng
any. nunber 7 o5 BeRRslsTBAE TR REnG i S Al Bles iR B RrERan
techni ques, suachiras refgistee.alfétiseivgs tapliradegimoes s cordyrsivhaasibly tareamatyed
physi cal registers using register renam ng, conbinations of dedicated and
dynani cal |y éh?tﬁﬁtb@@%ﬁ@isgﬁwlﬁbgﬁg%&nsgpéﬁlo“!’he register file 150 nay
comprise a singl ey GG pldcli CHRILSh IS RbeisRl thh ke Helisplofr egi ster s
or may conprise nmultiple r’ggls r fires, each conprising nultiple
ar chi t ect ur alconegsidnanstrudtienscoopeiflexibRyiatsemelystetns: tthgrartiontpriinsema r andom
access nmenory (RAM or other dynam c storage device in main nmenory, 104
coupl ed to t RECIEEOrIATEhIteRtULaSof FRHFPHIALINMARITBHOR RTINSV E CRTBAY ?%bcbtg
execut ed by LABLAOFUIRpellM arld SndBERirIRERIY thDiksIRY 1P8n URBGel QralS OF1 NG
tenporary vari abl 65 or otther 1 nternedi ate I nformat | on'éluri ng execution of
i nstructi ons réyister ixcthesdustihfifon, Baén elonpedceibed yaibeairheAtsf akcdbheersmpnpri ses a
read only nmenory (ROM 106, or other static storage device, coupled to the
bus 101 for SPEFHAG @NRIVe MeMEFYras ADRPEED S98fct i ons for the processor
109. A data stora ' ' i i.cal, di sk and
a correspondi ng dl@&ﬂﬁ%‘%l@&F%ﬁ%ﬂhg%hﬁ&'&e%agaﬁ%ggﬁédggfg{ﬁé?afea %g&rr}ﬁgf}gr system
100 may be copuapkebsingr preeistiasildfihg poiat iraplt ayd devalae fd@datfare débajbealyi ng
information to a user of the conputer system 100. Display device 121 can
i ncl ude a frdwenperfoedimepb chaprcked irglsimredsipa Aigatng godahfoswat datadiehode
ray tube ( f. | _.di_spl ne hE I k

mﬁaﬁﬁéﬁﬂ a?chlle%l‘urgﬁ {L%éstg:s ot ai%&o?f% éxpgr%ﬁéﬁ%%gﬁﬁﬁé&eﬁ%hgg ot her

limted. An anuneric 1 npu evice Acl udrn rrc an

keys, may be tkostaladotifat Agrabius pldidd fie B2 GoratUitaradiah gegistees oBineaorgnd
command sel ections to the processor 109. Anot her type of user input device
is a cursor &uhthesnoln? meied atideprarabisder converaekBara betwese Paskeduch
screen, or cursor direction keys for comrunicating direction information
and command sel ections to the processor 1®&, and for controlling cursor
novenent on the display device 121. The input device of one enbodi nent has
two degrees of freedomin tw axes, a first axis, or x-axis, and a second
axis, or y-axis, which allows the input device to specify positions in a
pl ane, but the invention is not so limted. 8 2 6 SEP 2002



WO 99157631 PCT/ US99/ 05481 I n one enbodi nent, a hard copy device 124 1 & SEP 1002

coupled to the bus 101 and is used for prrntrng i nstructions, data, and

. other informM@BR’HA a nedi um such as paper, film or sim|l arPWH&L?/%#Sl

medi a. Additionally, the conputer system 100 can be coupled to a device for
sound recordi ng and pl ayback 125. The sound recording nay be acconpli shed
usi ng an audi 0_dj |t|zer o cr e sound pl ayback

may be accorrpﬁwglr?g’d'eﬂg Oa%%ﬁé’a% fovﬂ cﬁn&)g a(SEéf)cl1 eff%r 84y ¥al to anal og
(DA Convert@éscheédphawh@eml@aahn&ﬂne @m@atszzrﬂds@?wmasmﬂéérﬁw igption is
not so limted. The conputer system 00 can funcfion as a termtal in a
conput er net vrﬁomatd,h@ra;r-’rpladttd ip @nghutesturahregisters 06 aisst of B@rﬁltr@@i’utsctlusadst em

f t k. ..but t t t I t,e h t
Cystom 100 BRI o F RerHE L0 FgsT ot el SrRg BEN e 1 25 G deo.
di gi ti zi ng der\égrseer%%@aeenomMsspkhr@c@aﬂtruFEtets JBOoiheRERDOLIAEnEAN be

transmtted to other conputer systens coupled to the conputer network. In
one enbodi nerﬁr;:httmmimmmzsrmmbe@ﬁdrffarcmteﬂxzeﬁ ﬁwppmmpleam&bmregstar@n set

whi ch t I th t d/. I/ t t
st ruct i on SBek beeed ieread of ehof by et Lneedlidippiaraer
processors ”%E#{gggﬁél&ﬁﬂ/epéi h HsBluctiBRO R Be 55%&‘;11‘1)51 c%@ééxoﬁ il rﬂult% kéBENI a.

Thus, in one e ment e processor 109 supports all the o ations
supported i n domepdmeneidate, ohivabesrem(patked }mgéespmei‘sm*eﬂo:ﬁmg poiet format

Cor poration of Santa.C ar Californi ocessor I nte ta
Books. vol uire 10 AHEd BGRE Tormabes ey esban e ApRoates o fo BAale Sant a
Gara, CalifgphversidiPirdtuRibhd carl elUNGEEIERS prifsstdd) nﬁréwrfse@%rﬁfarng x86
and/ or x87 operations I1n addition to the operatrons of the invention

Al ternative emnvdrsiemteshoiquehea derveased omunmirey of iresiTyndioas én thecpiotessitg of i nt o

ot her instructiop. sets. The executi uni.t 1 s _used for executing
i nstructions 5@881%@’8t%ﬁotrﬁgu‘ﬁ?@%%@(SF“Eb@ateggloéﬂﬂgtﬁ%‘?f ECHERDgni zi ng

instructions fypicad 'a}{d'r{{gll\&rgfﬁbtli%gnér‘ﬂ HRPSSiRY o HEARSE Processors, the
execution unit 130 reco zes |nstruc ions in a packed instruction set 140
for performng opei’rxgureohs mmprcﬂeedy&ﬂahdot)@rf wae embodimest. EMEodinpater t he

packed |nstruct| on, et 140 conp gses i nstructions for sup por%}r ngpg Ié
WO

bper at i ons,  GBEEK LGB AR XGHPIE BLRG HYPAA COREHe: Hirtem gt cangpeas

991 57631 PCT'%%‘-?I?&%%% B%E?Qes%‘ﬁl%{\fé%oﬁpé)"tﬁ&ﬂ s oP&&H Qte’mkh‘ems}’not
operations, packed shift operations, packed are ope atr 0

mul tipl y- add shpemathanse configunpt ysijetenty cospe absoi benssed poiphi leatbiodimeotsrdf

operations, apd a set. of ack cal o era hut the vention is
e oo o+ GB€ Plenb it epPonm e Gomeurer sy ool i e as L0k R Pl
compr i se_packeth AR cRaRk RsFANRMIRG sBAcked fgﬁorﬂﬂﬂuﬁé’a‘%@nmatmﬂ ahlze
invention is not so limted | e one enbodi nent is descri bed whérein the
packed instr menomessseﬂOid@Jpla@kmﬂ@usrﬂé)ééor psicesging orfermatiorr Thei ve

enmbodi nents may co {'se a subset or . a su er-set 8% e |nstruct|ons
These instrudt Sﬁgg CRESSEBIS LN REMFE %Uf‘ffe( Erb VIR BRS ed by

many of the aalragrécrrrgsuremngeoma méh&pr&ucsewﬁ%emgt ) KRRiPagked

data. Thus, these algorithns"may be witten to pa necessary data and
performthe negedserdyinspectin saisompUting (Bé’:"zﬁk)edcuaequram’fﬁacpnocessquﬂ@? ng the

packed data to be unpacked in ord erf e or e o tro S on
one data el ef@RPTiRES AN EXGRHORE} f%ﬂ,ére iftes g}%j;rarcﬁﬁl’hes éﬂ'@\ff ef)"elr or mance
advant ages OVl i Ml budF/eTHe BUAPRIRIBISORARIANRrERAD reRr ROIhURPOT |
t he packed data operations required by Certain multinedia algorithnms. For

exanmpl e, if @&oauod provesicr sedrgge laclatmm:etjut aesused aspEaradf mactdastroationd tde
performed on packed data r,art program in con%) st to th present

e i 0
i nventi on, ‘Fmﬂfﬁrf%i’@kmfc!?e‘aGQtr ertedrtP 3F AfEHECBal Heeiers ‘i’l@eée’r%
el ements i ndr ) r for
further pack% gé%%%}s/ssrieﬁéggeirﬁe e?(g\cqgf ?@ﬁsedﬁ?ﬁ%‘%é’éé‘?%qéﬁﬁgﬁ% '?S 5(&??5{}{8
regi ster fil era&ddsots(frogn arprogiaenmats frrspettiQe). THoweegt, sheregisters desOribed
represents a storage area on the processor 109 for storing information,
i ncl udi ng dat§reipEAR I‘?ér'-‘ﬁ‘rﬁ’rl"é“e‘%tﬁg b¥HCHENOW IR 8 PIREPSFQr LHUBRBY N BETcache
160 and a decoder 165. The cache 160 is used to cache data and control
signals from for exanple, the main nenory 104. The decoder 165 is used for
decodi ng instructions received by the processor 109 into control signals
and mcrocode entry points. In response to these control signals and



m crocode entry points, the execution unit 130 perforns the appropripg&EP 1001
operations. For exanple, if an add instruction is received, the decoder 165
.10 2 6 SEPWAUSTRD 991 57631 PCTNS99/ OSd81 causes execution WGITUSB548D
performthe required addition; if a subtract instruction is received, the
decoder 165 causes the execution unit 130 to performthe required

subtraction. T, . _While the execution.of the varjous instructions by the
docoder 165 KRR NLRRETGR SR SscRtired FEvS el BE e S EEeal of

i f/then statefgp i@ e6HE { ' i b does
not require a se%?glﬁ%é%sﬁlﬁt%%ﬁg%k?? Eéﬁg%%g%%gﬁngﬁf g‘.qgfl)'ﬂéeﬁ?ggfister
file 150 i s umeddymamialyiatigcatad physicalregisters| edi Tge cegisteolfilati mapt us
information, scalar data, inte g@ dat a, . packelg J gegﬁ.r data, and packed
floating poi rOREHIE 2 PRSI FESINTUR CRAPriSIMG MPEtPla aFhiteqtural segisters Qfonpr i se
menory regist ﬁ{ﬂ,qie . i Qﬁz% L : isters,
scal ar fl oat |ﬁé§ Bgl?‘%?;srggglils erg%ﬁ%gﬁ%gﬂ%ﬁgﬁn%r ec gi{uéhakﬁggﬁlit{]cg@gﬁi nt

regi sters, paegistersnteger registers, and an instruction pointer register

coupled to the internal bus 170, but the invention is pot so .limted. In

one enbodi ment, t H&ecomayter sygwy 100dyrtoes Femprisess rafdorm ageess Blemnonyhe
packed singl ea§hHs| f [ i el : I I rs, and
t he packed in ege?b?te)g%srtcj rg}ﬂé?gtogﬁéé;%l?%?%g}sé}%g?g@hﬁoﬁ%ﬁéﬁgblﬁﬁ{%ﬁkﬁ%ﬁ i s not
so limted. Ibusaitd fenstodinganformainpankipdtriuatiogeto beegrestitdsbyathe al i ased
onto the same nenory_space as the scalar floating point registers. Separate
registers arePiasessor 1°-tlhe mpaieamory a4 mpydes Heeddar atoring EIRMEMegi st er s
of register f\tirf‘abié%rtcﬂﬁezpw&ﬁié&}s %R%rn?agioﬁ“du %@.&ch!ti%ﬁof% dbfghyt he
regi sters as being elther stack reference oat1'ng point registers o

non- st ack r efmoesssedlhdhecompgesysteanil@0dusthet corhprisesenradiomty inensory
mechani smis included to allow the processor 109.to swtch between

operating on REYY31Eh or pthersiptc ?téﬁeﬁeéjr?é’é@' £pupier g thebug 19%@??@&% and
non- st ack refs‘ﬂt?é‘ﬁ?&n?%‘f&?gn&j cﬁgﬁgﬁf&eﬂrgc@sﬂ?ﬁ@( such enbodi ment, the
processor 109 may si nultaneously operate on‘registers as non-stack

referenced floati ngdpod sibrapeddepaekid, siedhvas £giaghetisdiskwridpeicabdiek ahd aan
al ternate enbodi nent, these sane registers may be used for storing scal ar
i nt eger dat a. “ORTeSRPRGINB/Esk ABYEi ircAtBledey thehugilAl dihe epmputersysteqt 100
regi sters. F i j Y/ o separate
registers fo?&? ﬁégggléﬁkgga‘{]ﬂ%%gégf%gt:éﬁ g%&?n%@%ee@cfgfgggﬂygﬁggr egi sters.
An al ternate ihformaZion tSERuS20Q2 tiW &rRPhiterisy&dr 1RCTDEHRY A& 2¢randi ment
may include a first set of registers, each for storing control and status
i nf or mati on, BAYds adeamsbudier. specinlized granhicereadednp A8y Kesfa @thrdaidyscal ar
i nteger, pac I | .0t i gters of
the register K??Fgeggg%%gyaag% é’aﬁ‘%}f@%gﬁé)fé)gh'tt ggel ﬁxgeﬂégﬁﬁlﬁ?tg}gﬁ-{xﬁﬁ% ers of
regi sters andlghdrfienerit irghuelevegi 9P einsluditg alpleanuive it drahother Reys, stay
limted. For exanple, in one enbodi nent, the integer registers mgy be

i npl ement ed 1?8 @upled toptheibus 10)der eorprmiaicating ipfermatigneandhepramanded t o

store 128 bit ' id s r ' - [ oi nt
data while on %/e ﬁ%fde&ﬁggeggcg%gr g%gték‘béﬁ&glg? gﬁgﬁ Ir)lptésr?ﬂéﬁdet;}%é{léequrﬁtgg%o?rent,
the integer regtsttl3caaphisitgi motsda twickballbh ipen, Hogithacensorapsacessor
109 of one enbodi nent. The processor 109 conprises a bus interface unit 202
that coupl es diFgstigR&EYs QF compuniragngalirastionl Inprgapion angrammantnhe ext er nal

bus 204 is u . Q'n%ﬂg ' i i i_nterface
unit 202 perfSs ggrcrég%%s rgirfgg%:sglo%%@)\?ﬁéggﬁce%%%é@?é%gggog %éoi%n@%#‘:thﬁ% or

t he processordigslag déVite 1BUr Thelinmitedevidicoftite émbedin@ee haBitivo2legrasuypl es t he
processor 109 to a unified L2 cache 206 using a backside bus 2I10. The L2
cache 206 mayTerdost in fwie axes p firstakisey xraxs, andap Jecerd ayis, OF YK whidd of
the core proc r but . j Lon is.ngt ,so Lioute ] ache
206 of one en%%’?f%r%%?ﬁ %%trr%%vié%és% %%gﬁﬁkgglé?réblﬂug p[l e %H\%ﬁ] iﬁgﬁ{[{@q ksgq&so
limted. The dodiranede 206 services m sses on the L1 data 220 and code 22
caches, and nmay issue requests to the bus interface unit 202.




The bus interface unit 202 of one enbodinent is coupled to the pr OCEZS%EP ?]UDZ
core 208 using an LI data cache 220 and an L1 code cache 222 each of rc
.are 16 Kbyt ¥O99503!t he invention is not so limted. The LI cBERHRSIVEASI22
are first level caches that can provide data in one clock cycle on a cache
hit. A cache hit occurs when the requested data is already in the cache;

ot herwi se a cache m ss occurs, and the data .is ought . in fro In nmenor
or the L2, or se rﬂi‘eleéog‘?#’r’&%h%giﬁg?o% eY!fre hg{ﬁcgﬁff}r‘?g t?ééeglﬁﬁélces dat)e/l
| oad and St%ﬂfs%lé&%xsgﬁﬁﬁklg%ﬁ}fu&ﬂﬁ\s! Qad, 0ofHeP o N8G5 LAR HBdHSy When

a mss occurs, the L1 data cache 220 forwards requests to the L2 cache 206.
‘The LI code simbtas p2p2r,ddnyioc similastypes bi oredizt stditmqalyt heicosygadeby t he

i nstruction prefet S(Eer. 12 II% 6 SE:F 2002 WO 93I 57631 PCT/ US99/ 0~ The
processor coné&terdleampe seupleddra f’é’éffo‘%?é?%'i"é fesPrding rhaskilben;
branch predigid g, ] ! i t %?é?" L L i ons
into reducedﬁén%nﬁgtagégﬂ%ﬁ%%w; Rlegégs I st?%@?ﬁghg,gzeg?&rélgggé ops;
mappi ng accessdqophong arelitetseundgilsybaskdnaly bpataimpléshed utsirga speader

retirenment of m croops. The processor core,208 may ryn at speeds of 233,
266, and 300%HiGdREPERIeANRR)DISHRL o HRIOH (RAR] ERTekteR iRr RIBY IMEHAck dhe The
processor 10 : riﬁ'@z{n i : rein mcro-ops are
execut ed bas%gﬁ%%at?{?gﬁfigégdfﬁégs 0 t?ﬁ@?lrj%gggg rat%her than the order in

whi ch they ent er €fhd ®enputee gi/stem 100 dan fAnctcry A< hterndnal ipraoeesmeter | nt er r upt
control (APIC) unjt 230 receives interrupt requests and prioritizes and
forwards t hengteQukstherein thiecqmpries systeguld is agomputensubsystem ofthe

processor of L, OBRNt | : 3 I it

B ound twn_ gonipuRPRERNSREbut A BNARASUIRRACE e PERBERDRESE Lot nt
unit, allow 109 by fyrthecisshrdetovieleo digitizingddevite . Thestitue digitising

si mul t aneously. The praocessor can issye two instructions in each clock
cycle, one ifFvaghorapde wed torfaPhiesndeQ Hnagesibit @p betransapitteditgothers s a
dual data pi i ' odi rents may have one

pi peline or %%@ﬁg’g&?% Cgp gﬁ@&@%%@“ﬁ%@logg?cal pipe is referred to
as the U pipe 302n ohetkribed inteat)tthelprgtesadbr T9aididotidfyesupdibrismras t he V- pi pe
304. During the decoding of any given instruction, the_next two

i nst ruct i onsiNAFECEPRRsataBhich AcomPptaaleiwith the ¥igand/orixEZ iRuirustion setsathe he
first one executes in the &J—%Qe 302 and the secong inl]_ltL;e V- pppe 304. |f
it is not poRSTHFROR et Hu5ed PREXISHEE T PRIQSESSP R UB 26 the S8R N on i s i ssued
to the U pi pﬁro@@%o?s’}qaﬂgfdcﬂﬁfeﬁw In@é) C'Io‘«gb?ﬁ&tﬁ{joft%n_fti‘éla\{amﬂ‘?foﬁgﬂ: THiSN
instructions execute 1n the two pi pes 302-304, their behavior is the sane
as if they vieraneemebodiotnsahaegrocessdy]09Theporcadistbe ppriatiomsanppotted inr e

conprises the follqwi ng stages.. instruction prefetch 310, jnstryction fetch
312, instruc Féﬂteég‘éﬁ*b‘?‘?fé‘,"eg A ngs d%‘ﬁ?%?’éﬁ%?ﬁ%"’?ﬂ?“%ﬂfé Agefiér at i on
316, Opera“dcil?f@gnié.née@}@%%a rBfs3dd, [ABODMAI BRRITK1ERE1 ahasiditnki2on decode

| ogi ¢ decodes, schedul es] Tssues the instructions at a rate of up to
two i nstructi®Asandd®93) ailablecrem Ihse] of SaBtaSHRr2 0 fOM0i0 9457 66s11lt, the

PCT/ US99/ O~. 1t 81 Fi e 4 is a cache arghitecturge of a.processor o ne
erbod ment . FREESPBOCLER SRSt PORtna xpRang ot T esridts earenia B8 ur e
with an out - gferQiGley ofHKe G drtibrC OA Rerrfatiiv b R&IDHRI Benfshi thE BRRABIBA rﬂiy one
enbodi nent conprises three parallel decoders, five execution ports 0-4, a
branch t ar gencipiorate th8TB)erdidn intd bthet tnstnicticesetsf our 32-byte wite buffers

404, a set of 32-hit scalar registers 414, a set of eight 64-bit . registers
410, o sot of of e 2SgaKeR U D ietres bexmeiate Reghcdarsreqazed ktdhe

return stac ' T ackditi 402 ebd 2 e maches
that were mk%%rgée%lsg%ée% %‘uﬁb@ﬁ%%@é‘?ﬁ%n of ah igg)ll?'i(}%ﬁ n? IFE??% es
t he address genetdigpurpsesy pricesseds, bhaagdrutiostunittIloecogrieedinarabtidres igeat

address, and the result of th i spredi ction. Wen the sa i nstructions
show up agaiRﬁCEFﬂémé’f%ﬁ’@ﬁ‘ S5t é‘g(? E‘r’](ri%’ﬁ&lfmlf‘g QBERHORP §NiRRC ?%Ef‘faoéﬁr‘i“ﬁtspredi ct
t he out come mf ARG, A LG I

addr esses fo@oée(l}gré ures ttht;;?%g?g&%g%?re’%“%?%%fdl ffgperﬁlﬁteg?ocat{t%%f&n
successi on. sippprieng paskt ypeliasions sethatkropierntidnzepsrked eslsiospearatipsd, ses t wo
execution pipelines, the U pipe 302 and the V-pipe 304. These pi pelines
302-304 operate in parallel and may susta®n 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. Furthernore, one enbodi nent supports
pi pel i ni ng, or overl apping operations. In pipelining, the processor breaks
instruction execution into nultiple stages conprising fetch, decode,
execution, and witeback. As a result, the processor can execute nultiple
instructions at the sanme tine, each in a different execution stage. For

o o oy Y oy o



" The set of eight 64-bit registers 410 of one embodi ment allow for paf &ISE812001
processing to the_ |l evel where a single instruction operates on nmultiple
_elenents of XY & ™His process benefits applications that perP&THSNESShne
operation repetitively on contiguous bl ocks of data, as in multinedia

al gorithns. The 64bit registers 410 may be mapped or aliased onto the

regi sters 414, but the 14 2 6 SEP 12(0&2 VO i‘?/ 57631 PCT/&J 99/ 05481

i nvention i s MEXeSSUDLTACE PRETABORS RASKEA SV HEPEY PPERYPRt sked Bhiffr e a part of

410 are al | s BReAPR (sl B4l opaPoRe ShAl oy T IR Blpp, o' o1 ©

al i ased regi skabtgactOpetatioid] populacioaiconnt opératiohs,and 4 set of paekedtibgicdht a as
packed integer bytes, or words, and floating-point instructions interpret
the same dat aopefatieas RiHtthe savession isnokse ligatedn dhssehe! pasksdlogicglual | y

inmportant is that  t [ [ ] 'p%ru [ to the
ei ght dedi cat 883‘2?!1‘9%?{)%1&%{%?‘& S %{)@ﬁﬁg%d# i orc1l %W%BC%WQE% scal ar
regi sters 414padiide®Rpand @dckial XOR pasthritventidn biriot go dithieedt. dWaiile otef | ned
for the 64 bit registers 410 of one enbodi ment. Each elenent within the

packed data tgpwodiment isideseribrsl whereair thpopackegdnsisegtionoset 140 includesghesee of
the fixed point wthin each el ement .and s responsible.f ' a nt
t hr oughout t hé&™ aC&lﬁf‘%(taﬁérT a ‘%%mg?%‘\ﬁ‘ i etl"é"{aﬁec Us rrléevﬁ éfe'“hbs? L%}%?‘é%‘%%ﬂgfy to
choose and charge ifdtxedopgl Nt formats during the application in order to

fully control the ﬁl{nam’ c range of values. The 64-bit registers 410 contain
packed, fixed- poi nTheseingnctiensapromidaiospepformante phibgiopesstiansseaunire@gi st er

WO MNP can be dLLSeN sheadgheaasd b AR AORL RS IRL: RTR AL Lo

i nstructions. cess, e regrsters

beconme randomdagt eRfus! B@#Hss hRiovithidahay be wirlttdh @ Fackhe ABERESMGHAth an@ St ack
model as they are with the floating-point instructions. Instructions that

specify a nempeyfoopdhandcassaryt dreraons en theapasked dlgta withowt raquisingdhtess

t hat operand. Bec the 64-hit registers 410 actually use the

f1 oati ng- poi ntpafelé%u%ﬁ@rtgﬁeé‘waf%%{ F‘g?fgef FuoaPe SENRIFeOr _%rleac’p&%}(laon iThoe
technol ogy hawgtalfemBhesteS tifR0I THePEBrd, ehdse Qlgdrithiis providd géformishcehe 64-bit
mul ti medi a extension floating-point registers MMO MW conpri sing packed

data, and ei ghtlvartgges ever priar arhgedXabpurpose pagcessars thatde datsupprricthecan be

used for different eratigns |ike. addressin ogop.control . or,any other
dat a mani pul aﬂag}ﬁd %&ﬁ@rpﬁr‘%ﬁﬁ‘sirﬁﬂ‘é’gﬁ%‘?gyéaﬁg?ig?uhblgg% 2B Sp‘)_oFrc’[r t he
nmoverment of dakamBrl yeeRAuli@e8h NEbriteged8res shldhbeaaibrn ftat 2dnhbttbescal ar

regi sters 414 or nenory. The 32-bit and 64-bit nenory access support in the

U-pi pe 302 i s pasfedmp@donickegd dgtas Hee prjesart program, in contrast to the present

invention, must unpack the data, perform the operation on the separate
elements individually, and then pack the results into a packed result for further
packed processing.

The execution unit 130 is coupled to the register file 150 using an
internal bus 170. The register file 150 represents a storage area on the processor
109 for storing information, including data. Furthermore, the execution unit
130 is coupled to a cache 160 and a decoder 165. The cache 160 is used to cache
data and control signals from, for example, the main memory 104. The decoder
165 is used for decoding instructions received by the processor 109 into control
signals and microcode entry points. In response to these control signals and
microcode entry points, the execution unit 130 performs the appropriate

operations. For example, if an add instruction is received, the decoder 165

10



WD 99157631 PCT/ US99/ 05~81 performing 32-bit and 64-bit menory trans? 85EP180
and fromthe 64-bit registers 410. Furthernore, the processor uses the

. U pipe 302 fYP ¥F2Hdfers between the integer and nultimedi a pPetEEYAs¢sIdat a
pat hs. The instructions corresponding to the 64-bit registers 410 operate
in parallel on the packed byte, packed word, packed doubl eword, and
quadword data types packed i.n 64-bit reqgisters. . packed ,byte data type
conpri ses ei g?‘?t"ég%\ “86‘&&8&@ R?é’eﬁmg]%ﬁeau’éﬁd Bg?ﬁfdg‘gf satsé?b,tyatﬁf ei ght

el ements per ARELRNtn isTieeRRAKEAE dRbde iRls%alAAE VBt RASLiPYS0 RACKed
consecutive words In a 64-bit register) or four elenments per operand. The
packed doubl eperfermaharéguimdempracdes. Thos,pekitethecxesetiorn ofthedanioe wor ds
in a 64-bit register, or t\/\g el enent s ei_getoperand. Thlg duadword data type
conpri ses onelNGHHEtQRT BY the e‘@ﬂi-ebﬂ@i‘fé‘gf execulien ypl 1o dnapressatechberand.
The instructi d i I, @ iiPEWF b j . i ng,
and unpacki ng&g%giagﬁ/g#s’g géﬁgz{?ﬁ%\tggg %Hﬁgg{&g\gﬁ%&arl es('.st c&‘u?‘i(ﬂgr&n@!r’%? tﬁg

i nstructions dddsavwetirequirataserihl processing afthaseif ithehatdtamehes. over f | ow and

under-fl ow conditigns. The instructions of one enbodi nent conprise MOWQ
POR, PSLLD, and UNPMCRESLHSE fleckoddnysedmios Siamng vﬁ%&mﬁ&mmlv BEPBIRl 64 Dbits

anong the fir k i | reod e first
et o mul i ros SLRAR NS S AN AR: WA DO BB IR ST,
causes executpaukedfflaatidigl poinedatagile ahe ERbodirmbet, the igisterd fileflS0mdy nedi a
extension registers. The PSLLD instruction causes executjon of a shift |eft
| ogi cal Wi t hotRMPEHST PEMEIYSESSEArS OPFe! Bl Adinyragistemescrlar dnteget  of

mul ti nedi a ex L.Qn ' : e ' 8 ' b tab
R e S T A
| ocation in akgisiers, pegiestiategantbgita] Myd BAiRstORtioaANEn R négigieouShyledn a

regi ster. For exanple, an UNPACK H GH instruction places the high operand
of one regi sttorthgigternal dsgif0dpeithn invsntignds Ret sq iwitede In eppempodimept.i n a
register. In i . DO -D5; i r : ero

oper and from%%gc@ggﬁgggg%&sﬁ?%\g;ﬁ atﬁgg]%%g%ghggggﬁﬁﬁ?gﬁ%ﬁ%}? er source
regi ster and fbaagspboihe 'Qt@fs’ia’tdsm-fbittﬂ&%ismwmm Jasked irabgdrireginedre
operand. 16 z s S_EP z002 ~j~0 99/ S7631 PCT/ US99/ 45981 The processor

ar chi t ect ur e ¥6firhisregjsterre bubherinyentign ismedsa lisyiteshsi on regi sters 412 of
one enbodi nent furgh t rf : [ jcations
over prior art wl%%eeﬁréggéﬁ%stiet z‘ﬁ%t% (Calé%#]gﬁ%ﬁergéls%hséggeg%%g?%? ggjome
programi ng naxed mssesryi spate betheaasiat Nohting poRitee 'BteFﬂ%Vﬁe@Jae*tede%'isters are
floating-point data types which contain four single &rgeci sion floating

poi nt nunber susegifer thpackedriqagingipeinidata o In pringaagistesn af wBisser fHigds0,
floating poi i I ¢ {ﬁ OR&r {;hft L 128-bit
mul ti nmedi a e%gré}ﬁéésg?é%%?é%&% Y ,thtg%agtt)@&b (l)vflgi%tr?gb%t élglr\-gorgram'rer
wi th the abilstagk teferdpved Aparh@point begisteladr mapstatkedfyramicud packetlinségegl e
precision floating-point and integer data. Furthernpre, instructions are

i ntroduced t oFeBEHEIsol Indthésrmabedimant gy mgahandsmyis Bludgl ieallaw tha prospgsor
L e n ‘ . vy . g1 . Lt
it ot he ei griORg SRR boRREA UBLIBE ORI o MacRdbieredte MOABAIAEL &

128=bi t mul t i regibtersexidensi-oack agerhedd padildd adhFegibtetsoUn amothettsualy t he

caches. Mreover, these instructions conprise the ability to prefetch data
before it is «ebediment,theprovessor Hi%nax araulianaously QRerpieciLteeistestasng poi nt

instructions Jj ratd g [ .
accel eration ljbcﬁ\ %%g}f Z%%g%nﬁcﬁg?fogﬁﬂg %ﬁgggg‘?%%%%id%n&drggﬁl ég:ﬁgrrl‘%g%ﬁo ﬁeg Bnd
decodi ns. | n angt@maademBodimdithebdgiinte tapsdtersahhapbe Mukd fqt stordag acals MD)
technique is used, but the invention is not so limted. As previously

di scussed herigtegerdata techni que speeds up software performance by
processing nmultiplg,data elenqents i rallel i S| I_ps ction.
The 128-bit nmul ti rf@c]?’éna vtegr%log F Sgixgg%?%n%ﬁdgﬁeﬁ%%rs? tsoépfgrg l‘tglté(g%s%%ﬁ packed
singl e preci si@mpleoat ARamatlyobmBatanédtiasy camprisheefutati legistgsJoette 410
support operations on packed quadrate data types, or byte, word, and

doubl e-wor d deackedypieger mgigenmpddhe hedlar datadepisteatsAnmiSInaD gr aphi cs and
digital signal processing (DSP) applications have characteristics
conprising the follow ng: inherently paralllel; w de dynam c range, hence
fl oati ng-poi nt based; regular and re-occurring nmenory access patterns;

| ocal i zed re-occurring operations perfornmed on the data; and, data

i ndependent control flow 17 2 6 SEP 2002 "0 99/57631 PC TNS99/0~481 In
one enbodi nent, eight 128-bit general purpose registers XMMVO



XMW/ are provided, each of which can be directly addressed. These 128-®HEEP 2007
regi sters XMMO- XM vl 7 hol d packed 128-bit data. In one enbodi nent, the
.principle d¥PPYPE of the 128-bit nultinedia extension regi EEBUSIUBBL s a
packed single precision floating point operand, specifically four 32-bit
single precision floating point nunbers, but the invention is not so

limted. The correspondin ti ia extension inpnstructions access the

| 28- bi t _regieé?l%?é“lf%ﬁ st @EW{F ingsgéerr%fo&sgerrsn dor T)tﬂfmgﬁQ“FﬁE%’FFfi on is
not so |im teghys TherhdfoR] dnd 89bHrRl st B1 PegiB¥rdBadk@babR d?fesrt&%g}calar

cal cul ati ons on data. The real -nunber system conprises the contT nuum of
real nunber sintegemprcked integeémang packed fleating pointydat8ecause the size and
nunber of registers that an uter,.c have is |imted, onl subset of

co .

the real - nunber ‘ieﬁleﬁFﬁegFP% &ﬁ%ﬁf’]iea%péﬁﬂ RefpBiemented o indide  As the
subset of T ffretHIAGbA08! ¢ iaafstarwaﬁferaﬁmféx%gﬁstaepmrthéMé}ﬁ%ﬁqyt s an
approxi mati on of the real -nunber system the range and precision of this
real - nunber rsitlss ¢imited. dBdreexaimysid, inyorterembodimedntf thatinteyer ppistesyniy hses t o

represent real nunbers. To incgrease.the speed and efficiency of real-nunber
conput at i onsMRIGHENIESS StQxsi3E *WW?@%P@@ egisters ang Hpeleangried ttpEg v

{1 0ating: poiyi o @ Wkreih 011128 Biks A& Bled for'stlind HEREA: BBt LAFLRAABLHE, 2
sign, a signifticahd, and an exponent. Figure I's a btnary oat I'ng-"poi nt
format 500 usierte iged far gRBedidatarulnt amasltkraatxérabsdintert cthieShper tiginas

enbodi ment. This format confornms to the | EEE standard. The sign 502 is a

bi nary val ueachgeniaiyp¢ar 68bithe nunber is positive (0) or negative (1). The
significand 506 : : I i DAK Y i g eferred to
2 the obit: and 2uberisabicResddy JobbLoft BRRSARLAIM i Bcebifod 1C° B
S08 is not exphprides abusdntesfes @it 200uhal draipdedthepracessompl 1%1d arvdxemallhe
exponent 504 is a binary integer that represents -the base-2 power to which
the signifi dasd0sosherein thaedermrégys dPhiy weddP \roRHR anicateith othere packed

128-bit dat [ ; ' L S I | AeJe) mb :
120-DLL 001 3y LRPABORRl AR oie AL AEEELALAR LLAALAIOLRRL PaRlnbe <
si gni fi cant regtiestéSBy thehd clidte 208 borithe phecespsit cose 008.f Fuhérnhorde, (Hebgs. The

bytes of the packed 128-bit data type of one 18 2 6 SEP 2002 1VO 99/ 57631
PCT/ US99/ 05-iBEriaep saitidiconrles the Reeesianidona romjlied 42 €achas206singan t he

ordering is Lt ! i it h. I esses are
| ess signif#%ﬁ%%hgﬁggg?ﬁgigépggagﬁiﬁkﬂﬁéyﬁ%gﬁ%¥k§§3%gggégxgE%gggéing
regi ster datfeadtietroitthe speddusithe Rotderotedob208 ailttthergtlieationtiensi o regi sters

have the sane format as a 128-bit quantity in nmenory._Two data access nodes
are suppor t danited.1DBe b2 cachecdléof argembrilizneny comprisee absKhistes, bwthe t he

i nvention i 0.l . m ‘ i bhRe

si ngl e- pr eci%rs\?%ﬁln or rrr{wg'?s %’ %lﬁ%&?ﬂggﬁgf %%lggogggﬁlﬁggﬁﬁ %%?s?%lﬁlageta#%/d%t? zt"Re

si gni fi cand angl @de@dedachE3gandiiragebsusregaastes thab ieintsttadeainiedR. nunber s

except zero and denormalized finite nunbers. The exponent of the single

preci sion data t yibe fus %Wé@éébmitr?o@iqi§§6 ef’bh’(??d.t“.eml'ﬁé%'lpé%q Hgth@pnst ant is
127 for the p%Pé%LS’r PJrS%bg hQ{iH&fa‘?{ ﬂ?&ata‘/&‘éﬂe é&@%h&'gnrﬁiaéod\é%%&’ﬁéziz“ eﬂ{}ﬁ’r Y
singl e-real *values are store® 1n rour consecutive bytes in nmenory. e

128-bit acceshichude1é Kbysedbhiothe iR Berttidn RRTORLY liatiees SHe L1 28:Hek 20-22msf er s
between the 128-bit nultinedi a extensjon registers, and all Iogigah% unpack
and ari t hnetare firsideval cachenshatine provide datade o5e singk cyslepsericache hab-Ai 1
menory acces - bi f.er L L edi nsi on
registers, efggleﬁli%ﬁ%‘fr%hmng% %‘e?ﬁgﬁs\tﬁ%fpéﬁg g a%régagﬁé giztuéatﬁiéggogls‘&rrv%éegi S used
for 6=1-bit caEf@missareassandshdilitatis BrafgHtdin bRimeedintth@ndAsbt thelld, bt medi a
extension registers, and all arithnetic 1nstructions. Direct access is

al | owed to &eforst levple cacke-296t Thelltli dataicachedrseradres ¢afp doad and vipse

instruction set of. one odi ment _.used to operate on, data operand f the
128 bt il AR R L o gra 25 <8 RBP ARG B eRa BRI | 05,
si gni fi cant [paddts catheP20KBEW StisaegRedtaRsIthe LD cRAE 2L6 eiThe Bl GUHE cBetiitons t he
packed instructions operating on a pair of operands. Figure 7 shows the
scal ar i nst sactitesrinstopeticat fetdh wquests i9sagd bysthgingttution grefetclydr. t he two
operands; for scal ar operations, the three upper conponents fromthe first
operand are passed through to the destindion. Alternatively, the three
upper conponents nmay be zeroed. In general, the address of a nenory operand
is aligned on a 16-byte boundary for all instruction, except for unaligned
| oads and stores. 19



2 6 SEP 2002 wo 99r57631 PCT/ US99/ 05~81 The instructions of one enbddi M0
conprise a Shuffle Packed Single Precision Floating Point (SHUFPS)
instruction. MOR/BWIFT' S instruction is capable of shuffling ZeJ/UPIPIHEI
packed four single precision floating point nunbers from one source operand
to the lower two destination fields; the upper two destination fields are
generated froma shuffle of any of the four sjngle preci.sion float isfgtghpoi nt

numbers from the s&BBRACESIRTCOTS P SHAPIIEFHABL 185 €L Pe I EIEgT fle
operation (th FPSi r ' : JataTeTall BY iHSIRE me
register for %’cr) h s‘ggglzcggk #%%h%ffﬁétéggg%rfr uct dngé%%ﬁ)éelgﬁﬁ&aér{g%@

conbi nati on ofred i@ dfinstiucioigdet cpmpeitisigdRIST)asirngtigrsi nt micrtbeps miapping hi s
regi ster. In one enbodi nent, scal ar integer or nepory gata mién be converted
in paral | el uSKFRISESHENQIETABIIET TS APACUSRAIENIFSPEHLIPT, 641G TFEENBEN QI PTGy
point format. The | oati i j : a ] t he
graphi c data L?féd.rﬁ%%g%%lsgn%—gfggé g%dg\%?%?qg%ﬁéﬁwd%gﬁﬁniébiﬁgg ?gﬁggtgﬁ%ﬁ%acked

floating poi ngw«a@pmtq&ew@mﬂsmm@ litrétkdi. IThegprakéssbr UG sugppdres out-of-
instructions described herein to a packed integer format. The packe
i nteger data @rdengreutien vehrrem %fprﬁfﬁéfﬁ%?ﬂ“g%ﬂ. baged gn-the repdingss ¢fcat i on

may use 128-bit .mul tingdi a, extiension. LSt er. i i i pation
W oh o0 bit mitet e AIraney B PIdP il S ey cRRGRA ihe BAABRIL! AR

ext ensi on 1 egiag{RéhrbAGiY pielck 28 intarprbomtasli (APIC) uhit/236 catedvesiagirsimtr or
menory instructions. Thus, the instructions of one enbodi mrent comrise
conver si on i ngequests awkpriprtizel gpbfarWaadk e raadesst i Be RIGASSPS FHEL0B &%een
the 128-bit multinedia extension registers and either the 64-bit nultinedia
ext ensi on i nt &F&F4%yi sters or the 32bit integer 1 ATh' registers. Figure 9
shows ar chi t ect ur alThe @@b&ds€bSofdHeRehbetiment idun sdgirebasupetsealhbPravessarhe
correspondi ng conversion instruction 910-928 of one epbodi nent. The
register file baulppomruns vasgenaspl-pemase integen pipelites andg piredingd floativg- of
packed i nteger_registers. 904.. or_ 64-bi LR eASL-Q&;d80i sters, and
a set of 'pacl?é’d"%”ﬁ%;la OB’?%%F}%E? %rr?cﬁsgéh é%gc%%. nt rﬁlég Ster sggtbc;é,% or 128-bit

mul ti medi a exts@naii@Redu8l). SRS SrocBstor thRisbily 6Mb irdinicsionsin 8acH ¢lotk egtle,| n one
enbodi ment, as previously discussed herein, the_PaCked i nteger registers
904 may be al icredd eadh pipe, buiShe ippgrtionds 99t 57 E3ttedeT/ US99/ 05481 onto t he

menory space of the.scalar registers. of. e 9 ut the

i nvention is not s%‘&‘frﬁis’tléa.ae“%r@agao%\%{ué% g@o ?%%rﬁer%g?%é’rbtigisﬁg
correspondi ng dngbddifeh8dha) Base 88 pHiifiinelortriGrerthgh siverpipelirtesl Ibefirevi de an
efficient means of converting between SIM floating point data and Sl VD

\ g .
i nteger data dogicalpigaisrefesmedisiomelépiraiP pad thy)sesPBAdogiFREPIPE A% er si on
i nstructions copprise, tAare. _n i m.t t : to: I to
Scal ar Singl e f réf:eldstlogrsltglg? P)%EL ﬁg‘ﬁ%’o!{jn |gre1\tgfe rd%g??lg @%&%éﬁgﬁurcﬂétﬁgglﬁ)

910, a Conver tneRe alv@insSuttibfls PreedHesked) anddapbssiplPahay at®isaud@ st thiantreger
instruction (CVISS2SI instruction) 912, a Convert Truncate Scal ar .Single
Preci si on Fl odiishenereyenutes in trelUzpipg30Dand the segend im the YRrips 0t AFTSSDs)

instruction) 914,.a Convert Packed 32-bit I .t 0. P { & q
Preci sion Fl oéqurbﬁla?%&ﬁﬁ” %%Wﬁﬂcg%"’z’(t%/}‘?’itwg&f%ns srl%g{élagﬁ)%ggjo,&pae 302
Convert Packethnd M@ingtrBES6H & i0fued! toahe Vopipeidny. VWhdtapkseticldnbetecurd ipgrbe
instruction (CV 1Z S2PI instruction) 922, two variants of the CVIPS2PI

i nstruction 92Nccpippy 367-3Q¢, thetv/ireivppyy is the same Ao H thow wese exeeads2PB
instruction 926, and nvert Truncate ' Neg i Sih QD j.Ng
Point to Pac kesch‘s‘?-ﬂlﬁl@ d eengfeﬁsﬁgﬂlgrgtalrgﬁq%%gff% ikggﬁg tﬁ%é@?%‘f‘?o%%%?B.
The Convert Scakictldp@dtci 91GetAictidnietch e cipbtuotodteedding, pdting,

and dispatch 314, address generation 316, operand read and execution 318, and

writeback 320. Instruction decode logic decodes, schedules, and issues the

instructions at a rate of up to two instructions per clock cycle.

13



instruction (CVISLSS instruction) 910 of one enbodi nent converts a si g ﬁZUUZ
32-bit integer froma 32-bit scalar, or integer, register 902 to a s 5?

. preci sion fIY&PRP3Poi nt nunber. The singl e precision floati ngCHoIS/OH INDer
is placed in a register of a set of 128-bit nultinmedi a extension registers
906. Alternatively, the CVTSI 2SS instruction 910 converts a signed 32-bit

i nteger from menor single precision floati int n er, wherein

n
the single preci S%E“T‘-’i bist3 RFhE GF TS, al%r°§?5t§86§?‘i"?ie %f“B@ ingndr I8¢ a2 set
of 128-bit I 3 care
i nexact, roE}thrB F\%Eglg*s@%rg ?%?én%%glgggértiéeegﬁf ggt@%gwgl?ra\f%ﬁtggﬁgfawggéft Fol and
status regi stexecuttorgosre. Fartieermdre oivelpaotestor ofcewenbodighent nompeised rom a

scalar format to a patcked floating point format the CVTSI 2SS | nstruction)
of one enbodithEaeparefel %ﬂ@éﬁ%é@;ﬁﬁéecéﬁmqu@réza bganciytreget RufferdfB) s

stored in the t f |tectural
ot tere | n AR08z bOLR o) 23 48\ B Blerfuld, 36 SEL- B 1B

PCT/ US99/ CSaBekisteit aUgra de@ bﬂatgh@tsmaegﬁdn@dlmm sdt ®f dight 1P8-bitimtREREdia
format, but the invention is not so limted first set of architectural

regi sters e BEierEHl2aomd a rF@g’PﬁW?“%ﬂK%WQ%MH%@%@@% so

limted. The n i C 004, to a
nunber in thé }Fl?%%?l rfmgr%%ﬁ%ﬁf nl{‘\%%sn%rt rg[ls%%q i‘%&‘t‘tq%%m %xe%trl% one
enbodi ment i sapplidztidn.t [tStdrek ehds@giess 6NtHe :ﬁ%talr@gc@almtmétor:ﬁ&tmn&utthé he

invention is not so limted. In one enbodinent, the step of converting
conpri ses acdwaBtmiprgeiatiimes. apdttheressltef th miSpEAtiGton. MBes the same egi st er |

and roundi ng .t unmber in the fl at Qi r t L to.th

roundi ng contm%ru% ctnSShﬂ‘?’euﬁﬁ%'&’?h zﬁ\cﬁ rga‘tcl gr&%glunggﬁbgngﬁnpgh?ﬁgced in
a regi ster ofpradreasuzeineif the GPAricC I THeRSE 208 Ha@lcdrriebtip ppédikie@nier mat ,

at step 1006. |n one enbodinent, the second set of architectural regi sters

conpri ses ei @ﬁdrqszss famtprosereres tiat asatcatl%frpﬁvérffeirmt lpeatipats ip gueqessiend. The
step of placing t ”“”*i’c?& 1y§tstcﬂe fll'gear O%g)cgssop%@li}nﬁas rg%c&% [ Of a

second set of arc Ut A rrse 25N

the floating pnpémtesf ﬂfentat pip8 362 hAaweké vslglgmon The éﬁ@éﬁsoarsoqrui;emte
preserving upper se ?nents of the register unchange but the invention is
not so |imitdd pariel @pdvary seitaingn SF%P@HPP@CQ@FDW W%ﬁ@trn@nm eMeryo a

32-bit Intege nst 2SI gonver e | east
significant sﬁl?té(lcé/c[?rclf:l? Ogbétggﬁgwdé}‘ " ?:gg‘ﬁe? ﬁn”%ﬁtﬁ {éur .
mul tinmedi a eMﬂ&%mrquusF@ﬂh%ﬁot@oae%%:ﬂydtxm%hgﬂ%drm @eliningher 32- bi t
signed integer is placed in an | AT scal ar 32-bit 'int eger regi ster 902.
When t he con\ﬁefreshapnmgwpmmaus h@m&nng tke B@C\‘Eiﬁpnﬁ&%mfm%@ﬂto t he
contents of a,8 trol .and s re U te Scal ar

Si ngl e Preci si o%tmﬁn ”}t?rrtrg‘] 4lg 8| en%{aggs iggémgggt%hcg%\é? €0 ee)?ecuﬁér,?r ngtS I on

(CV' 1 Z' SS28I whtbhtlet AgR)reSlld, tﬁ@;ﬂ; @éé:ssoxt&et dxeaste rﬁh@i@ilé irsarfiictisha gl the
precision floating point nunber froma 128-bit nultinmedi a extension

regi ster 906 seBegirae-eich ua|agitéfare|rmeég@ttlorrmég%215m'qxagtrgjmczm instegetior s

pl aced in an | AT ar b| t inte i ster. When_t.he conver si on

P hexact - RE e B fhererete elaek P T 4B HPy P PioRTo G Al

accessing a noHRBhAY BBYReVioABlyaiSARsEQheri) ﬁatrammxb@@lsﬁtgawhe{éugwe 11 is

a flowhart for converting a nunber hom a packed floati ng point format to a
¢

scal ar f or natsifgle nsOvrEsIipesttgs CuTrskipdt elemantsiet dagady othen referrgd $Eps 2002
2 6 SEP 2002 g;\01e Instruction Multiple Data (SIMD).

The set of eight 64-bit registers 410 of one embodiment allow for parallel
processing to the level where a single instruction operates on multiple elements
of data. This process benefits applications that perform the same operation
repetitively on contiguous blocks of data, as in multimedia algorithms. The 64-

bit registers 410 may be mapped or aliased onto the registers 414, but the

14



" WD 99/57631 PCT/ US99/ 05481 one enbodi nent. Operation begins at stepzjalg )7200?
at which a plurality of nunbers are stored in the floating point format in
_a register oAWE8Bcond set of architectural registers in a BaERSHIEINaL .
I n one enbodi nent, four nunbers are stored in the floating point format,

but the invention is not so limted. The floating point format of one

enbodi nent is a 32-bit single ,&r ecision floating point format, but the
invention is Hversionip apt eellimitpdo Recaungsae firhit ragderschl@age 3 partex the

architectural gregi I i | - Qi it -
invention is rf\lg? gégjﬂ%ﬁu?ﬁsg%gp&gggorfd %s‘gﬁ%%r gﬁetn;ﬁgfé%lbﬁ%érgs?&%rﬁwﬁree
fl oating poi ntlifsednBiitoithe BRbVEschRE registerst 414, Il Akesding ehanaliuged régistbire

integer format. The jnteger format of one enbodinent is a 32-bit integer
format, but tmeultimestia pygnsionipstragions interpret the data asmaskedintegesbyteseor

CVTSS2SI instruction he. step. of converii c [l i roundi ng
node bits f ror‘ﬁ%id@o%ﬂdr@?ﬁ_grﬁipgt“g%"f?‘%cégf‘éEg??‘gﬁﬁr%h_ed‘??ﬁ‘éea? E}égﬁhaﬁgg in
the integer fonp@df aaw&%a@mmuh{wr.r Byisliy tnpBetent BAhSthe dhultithede
enbodi ment of "the CVITSSZS| instruction, t'he step of converting conprises
truncating t hexiensigarinstnuctinnsi hvegeress &9 the eighptiedicated 64dubregistersd0 imde
bits in a conversion instr ,Qn, _The trunca operation is thus inplied by
t he conversi oﬁgfiﬁi-éqr‘ri?ct?‘fegf#&?r%gmfﬁcé‘ aﬁrre ‘8%’5? %84.“ me required to access the

control and statusTheg sdcked datAlgipRE AhaQ 61-5ieyndi\gordate desined for thalsad.
Typi cal applications performfloating point conputations using the

r ound- t onear ebit registats AL abere emhedimenic Faeh elmentrwitiodbe packpdrdatal | y

enpl oyed when _converting fromfl oati oi nt_.tq (,nteger. ngi,ng.t.he
roundi ng rr_ndeW@Fp?i’ﬁ5If’l’\fg'rpeod‘ﬁ{n'r“é$eé*nZﬁg|u %ri%gq?%tf}?oﬁﬁﬁe %fo%%‘?dip%“g control
status regi st ¢ithikRaeK bRehdr @nH iHIRGAbRsIbRUBEH B $14RRe RN Phiohghbidstheuct i on
avoi ds updating the status regi ster because the roundi ng node specified by

t he instructi onlcolagioni dbss prayidesshasisereyitbithe flenthilitygo chheseantbdvange t he
i nteger format. i l.aced i regj,ster ,of .the first set of architectural
r egi gt ers in g'xg‘i'é’f‘)’ R tf)gpﬁ%[c,?uréxgg Q}eeai?f’i’fb%‘?“ﬁ8r4?rrt8?”@%f°%‘f°1§gﬁHi}’f‘é’&‘ﬁr al

registers mayy fivagudl ght 32-bit registers, but the invention is not so

limted. 23 25 SEP 2002 WD 99/ 57631 PCT/ US99/ 05481 The Convert Packed
32-bit Integer to PhekédiSiegiftersplecortpbnpFkedt fined-pointtinteger datat Each

(CVTPL?1" S instruction) 920 converts. -‘Wi ed,.integers fr a
5a-bi t mul i ool T EReR B P SRR B U S Greel S iRy g s By
significant S'd@Eik;ﬁaHﬁgﬁ'égiQﬂ%rfnlaﬂétihﬁBe RRRUCHBHED®Vidh repaed 86 RGliePiRE4sST ON
floating point nunbers are placed in a 128-bit nultinedi a extension

regi ster 906. twsemegibercbfiviedMirbdacomerrardem aqeosamggisterissthpbist thepnage not

according to a_control and.status register.ftrom ry. .The upper two
si gni fi cant n@R5EIE YA atsrﬁ%de'é‘gfiFi%?ttF'g%afee‘ﬁ’il%‘ttgf dér%ggg}elvro&t nSlIE}[} HE 12 is a
flowchart for [&@nye@ichs BithtBpBLIRPE mdrh &Y SheRasd @de kit STBIt sENa MRSt sa1pgsked

floating point format (the Pl 2PS instruction) of one enbodinent.
Qper at i on begrAdress thatepet@dd, at which a first plurality of nunbers in the

i nteger format are,stored i .registe f afirst,s f archjtectural

r egi gt ers in a pacEgﬁuﬁﬁﬁh%&'gltﬁegiﬁ%rse%ﬁ%ﬁx u5g Fﬁ?ﬁ‘lﬁ?ﬁ‘ﬁ‘&f%°‘%§feegé¥%ﬁ5ed in

the integer fappRtatididithdthel MYRFHEAR ek@nBdhn ts.@mkél?'%y Bve ThthtbgHreggisteror Mat
e

of one enbodinent is a 32-bit integer format, but i nvention i s not so
limted. The tonst Eight tefgisierstrire tha of-bit muelgimadip extenyiondgatingepaintiht 64- bi t
registers, but the i i is not so limted. At |east .qne nunber,in the
i nteger for nafeglgeﬁsolm(ﬁlw QPRI Paged ‘%%a'aﬁm# %‘55? r‘?ﬁr\%eﬁm e:%?ﬁb{%he
floating poi nEcafmr&giste&b‘%,f»bﬁ@hlcaﬁ_b@@s@a féod ifRterafopensisHEI NG AMRIbssify, a
32-bit single precision floating point format, but the invention is not so
limted. |n olwperdrotilnerany other datapnaripadaticey.t i ng conpri ses accessi ng
roundi ng control bits in a control and stataxs regi ster, and roundi Bgfthe

number in the fl oattSTCYAIH IHHSTAREIAEE SPET RS SUPREr e MRS R A6 bi't s.
At | east one BERRGH thB 6iltft fdoRadisRa0 BRY The BRI cala® (B} igeRM 14 brambRGp! er  of
a second set of architectural” registers in a packed format, at step 1206.
The at | east Ohe 32thierd 6fHbitheerhboatdcasy pyipotrt frothedd - paps/ 3&0ismised éort wo
nunbers, but the invention is not so limted. 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 at |east one nunber in the
floating point format in a register of a second set of architectural

regi sters may conprise placing two nunbers in the floating point 24



2 6 SEP 2002 WO 99/57631 PC TNS99/ 05481 format in a |lower half of th@g SEP 2007
regi ster and preserving an upper half of the register unchanged, but the
-invention i évgé%"éé‘ limted. In one enbodi nent, there are sewaTAISYa@sisant s
922-926 of an instruction that converts packed single precision floating
point values in a 128-bit multinedi a extension register 906 to packed

32-bit integers stored in a 64-bit nultinedia extension register 904. The
first varianpeiferming obisand RavkaerSimygranstgre ¢p snd fromn tea thbit eigistenso

Packed 32- bi eger_instruction (CVIPS2PL, inst tion) 92 hat converts
The o | enshd ERRmidie! fedbAsbENEERRe U bRt b BRAsrRR S Bhn BRD YT
128-bit mul tb{”{@g&%n@&hﬁl&&h@ﬂia@ﬁ%&ﬁfg 8408 plaéhd. WO 32-bit signed integers.

The two 32-bit Signed integers are pllaced'in a 64-bit multimedi a extension
regi ster 904. \Whehhe stushons sowesponding saathe, 64rbiti ragistersi 4 Oppefatennd

di to th t f t tat i ster. h d
variant s ¢ REPLCHPRT IO et R e e B 2ud AgPEREC si on
floating poi phtapBEpacied iﬁt&-@éﬁbf?irégim@rii'Plﬁéj%é’ck‘ékﬂtbﬁ}f%ii%st?ggiﬁ frise§6 1 0

four 16-bit integers stored in a 64-bit nultlnedia’exten n register 904.

The third vaeighnpadled: doms@ER@ABRes mst ¢4rbitiregis@2 cortdight edementstperf our si ngl e
precision floati ng ﬁ?‘i nt Eu(irberad; na 128-bit méll ti meing ext ensi on register
906 to four BPHRDY NERACECE G 8 ath HATS ORI SR ACHPE SPHSEHIYC64- bi t

mul timedia e ?&Sinoau-%wéggfer%ﬂfo_uget@ﬂerneﬁéf Bp&raMal TRRACk&F! ude i nteger,
byte, and word versions of “conversion instructions that operate on data in
i nt egers, bytesblawdrdwctatts {ypeeopgntses ¢vp. pathed Coumseeuntiveldonglatveordadkad Si ngl e

Pr eci si on Fl ing Point to Packed 32-bit Integer instrugtion (CV 1Tl' S2PI
Thetr vet T om S5bl TRy ¢t Eemie Beaparih THe AT PHOREtARE o on

floating poi EBmEHE@_%EHn% %ﬁmr&%ami Lig,ﬁsitéaegi BneXeRIbRk er5§93a%\h.eﬁ~h§06 to
two 32-bit signed Integers. The two 32-bi't signed integers are placed in a
64- bit nul ti imstuatiext pasonn sigegdsingrudignediithnidie, logmadrsicking, andnexact ,

the result is tryncated inglgici Yy witho%tﬁ e .st gﬁ accessi ng a roundi ng

: I t
mode from a EBARTYE GREFASE Bgti‘%ﬂf’?ttéfpf’ Pﬁaf’%‘eﬁ' YrEEIMATBviCRart f or
converting au@&ﬁ@&asnsmm%xp@a%ﬁ%k!&%faya&%ettofh%aﬁto&& BwPagked I nteger
format (the CVIPS2PI and CVITPS2PI 1nstructions) of one enbodi nent.
Oper at i on begnder-BwsbeditidB2 Thatinsthicttora of one e b®dBEPN2ANAPIMER BBDBTH31

Format in a FeB: CobtDornd RNRALSasEUF g ot EORR RS sHey) Grersi e
packed T or Mys IoRAth& ARAL B thutlRMlia MIRRIGH RERIGE AR hridhd iR Adspating
poi nt format, but tHe tnvention is not so limted. The floatihg point

format of onetefrbodiineniia estensi8R rigistess ayd engmayi JiherPOR dedtrungiopodankes
format, but the i.nve?tion is, not ﬁ%] imted. In on?.e odi nent,, the second

set of archi PEEHUPRP Fé’éﬁ‘%‘?%%‘% insthe frptyst of pwilime FEGIERRPY, but the
invention i s;dyakeS0 TheMdI8® irtruk68S taies eQbcultltp dlawhad idfy ieficA1WAbss S 10

the floating point format 1s converted, at step 1304, to at 1east one
nunber in therrntéagey détartppe bolthadarynhebefirfteehef motftirnediaexbadiorent is a

32-bit integer for , the invention is not,so limted. In one
enbodi nent ofe&%gsmz-@?ﬁdﬁ&#w%H}mflﬁ%vgstdeaﬁa BY RS i RG EShpr i ses
accessing 1 oppgli er{ég?s%e dfold Q&a?ﬁ%ﬁ%'coﬁbggéﬂahg%éﬁﬂiéﬁx rnotR&d

roundi ng the nu n the I nteger format accordi ng to a roundi hg node
i ndi cat ed byregisterraauhplianngriadk opietaswdsicontigeoesth dulk megisteof FohexawpIEPSR Pl

i nstruction, e f .converti cOo ises inplicitly truncati t he
nunber in th‘e’kﬁ’rﬁé%ﬁc?%r*ﬂ%fucﬁ@@o‘gg?%éﬂg E’,u%\ PPEIARL L °H66%‘o"?‘i’?&ia89t‘£% by the
conversion ipnstr | ‘[%E‘r i he .l r tininsepl aced in a
regi ster of l?%‘ew%%rrrésxg{]gfe%mgP Qllejlr |t%ﬂeé(ﬁnﬁgglc’hgl glggtrg gEﬁlgog\gcked format) at
step 1306. Térmbddinsdntsat UNP ACKhhsteattinrabperatissiner zerpmpecamd froseone ght

64-bit registers, but the invention is aot so limted. The,K CVZ' fPS2PI
i nstruct i on FRUIGHESEIBOM SR RONZSED BRI ANA TR @t source register and places

both operands in the source register of the zero operand.

16



node in the instruction, which inproves perfornmance as descri bed abo;es ggptmz
respect to the CV' I TSS2SI instruction. Figure 14 is a flowhart for

.second vari aftOP¥¥63lucti on used for converting a nunber from &CHAISR¥ 481
floating point format to a packed integer format (the CVIPS2PW
instruction).' Operation begins at step 1402, at which a plurality of

nunbers are stored_jn the floatjng point format in_a register of a first
set of architecturghelpé@‘?eﬁ%rr%xc“ﬁecéuffa@{’éﬂn?lﬁgﬁﬁ% 128-hit grdtigsiyiexensions our
nunbers are sty ' | i [ ' tipn 1S not
so limted. T%%é@?géaﬂztn%%p%i ér%?%%?nrsg? %#th%ﬁ%@%agg#ﬁ%ﬁ%%%gfﬁi t single
preci si on fl ogtripigcpappiicationsaver pribr shenultiviesatia extehsioneéctowidgied. tRHee | n
one 26 z s skEp 2002 WO 99157631 PCTJUS991 05481 enbodi nent) the first set
of ar chi t ect uRSIOCIAERH RIQATATHRING Tede! usesrrstiurgops that ogeEate g nempacked

the 1 oating BariREweiRdss it R oRbl Ryl phbciibh fotlinf ¥PRE 2 '
number in thenuRitRYS bt GdBiventiba i$ AbE@Eimited "Beneral puepsy AR Poihs a

16-bit integer format, but the invention is not so |imted. The step of
converting of insaickionsarhesad OnRsratean thesetefieight 128rhit myltimediamxtensionm a

control and stat. ! i e, nunber in the,. nteger, for mt
according to 5651%35%?%%& {r)ﬁ)ge I h%%g?g%&%d%thg un Tar%mﬁ{)a'étkb&‘tesag%ﬂrﬁetg

nunbers in t hgelélbptalgdtitbges thhotarafinélyaniX preRed bihgte ﬁ@@isﬁdrﬁﬂo&ing’illa_éﬁx@ond
set of architectural registers in a packed format, at step 1406. The second
set of archit andirtgBer dysFardemmpre dnpridionsiaghinteyluspd te egitseler s, but t he

may conpri se Foneeauy Bt ptkesclet PP Ro L HE B Rl R s o 120
floating poi nhsrtﬁ&iti@hge@mlpwitsett}h@a&in?emétmrﬁ 8afaGhtS@releighti@dbit FQHFRdID i S
a flowchart for a third variant used for converti-ng a nunber froma packed
fl oati ng poi nextepsipatregistess ARSI M hard)the ¢ighti8-lit malidvediaension

i nstruction). t NS, at. step 1502, at whi lurality of
nunber s ar o sfORRR SOPAESE: PhuShEPabonts iicahbs MBRuEEIE o st

set of archit agthiclibn eginpiise $hd abilinpReKeeetEivaiRbefdrd iORG CAIIYAIFBNThef OUT
nunbers are stored in the floating point format, but the invention is not

so linited. Thdendeshadyrptpge af packeadloasingpaintdnbiodstianstis the accgleratian ef ngl e

precision flogh n LNt _format. t_the invention is not_ s imted. In
one enbodi men? b ge%gp efqpf é‘?d gé%%d‘fs’ gi?ecﬁtcfgﬁtb naﬁr)]ft:‘ir eéﬁr%cfeé%;‘ 38&@4’? ses ei ght
128-bit regi shedeferafithh of bﬁieb@f@ﬂﬁir@hﬂcﬁdét@ﬁhﬁg? limted. At |east one of the
plurality of nunbers in the floating point format is converted, at step
1504, to at |east bnen;embedimnent Hwe jingledastragioniultiple DatedGMD) or mat  of
one enbodi nent_is.an .8-hbit ,in er format, but.the inventi.on is,.not _s

i ted. The S B S uRtA RO B o R S podt Rt of Sl s s
roundi ng nodehpieiss, thisalttnigeabpeddsaisofhadrdpet RYShed by pREcAsOMBGhalipide
nunber in the integer format according to a rounding node indicated by the
roundi ng nodedpiatelemenes inpapelied, ysing hélrglwtstﬁuﬁt@gegm &2%rhit mplimediced in a

Gop 27 2 oeREROBRBEN e RE SR T Blgh S et iR MECKER AR o'
ar chi t ect ur al ppr@idatefypesnhdcCORBLLsiereigbts A4 shppoft@Pesitdirts orPpickelie

invention is not so limted. Follow ng the conversion, each 64-bit register
may conprise fisadrage Bata typegebyte. syrdsand dagbleteosbdatetypesnf Tise 128- bit

floating point_reaqister ut _the invention.s npt.so,limtied. The

conver ston 1 nepbRER inesertien hiSren) S et wit BisiR rBbRE R R (RFR) o
the regi st er sagpkcaliohb &b eathateferc08Y &IripASSg tROMIIoMnE2 ikirbntlp phfifleG4bi t
mul ti medi a extension registers, the lower two SIM floating poi ntP el enent s
are convert edwide dynpiic 1angegrenceflopting Paselrbasedvregsiagandretqcgerring
therefore, two instantiati ns QE a,.particular. instruction are used,to
convert al | 1 DU EHTEre FPRETRY Mo Ur e i PE e iAg CRr RO A T Br T K
operands is pgg{aggﬂ@'chﬂﬁweﬁegdbﬁﬁw mfv.t he second conversion
instruction. For conversions fromthe 64-bit to the 128-bit nultinedia
extension registers, the t<vo 32-bit integer values are converted to single
precision floating point and placed in the Lower tw el enents of the
floating point 128-bit multinedia extensid¥y register; the upper two

el ements of the floating point 128-bit nultimedi a extension register renmain
unchanged. This approach of passing the upper elenents through intact
provides greater flexibility in the nmerging of new data with existing data.



Mul timedi a graphics are typically generated by treating an inage as?& SEP 2007
collection of small, independently controlled dots, or pixels, arranged on
. a screen or WafHpdel ray tube. A conputer graphic imge is tymaraldsy/0s4s1
conposed of a nunber of objects rendered onto a background i nage. During
rendering, the object may be conbined with previously generated objects
usi ng conpositing techni qgues, wherein conpositing is the conbining of

nul tiple i mages byn eveemppdiment eighéAab-bif gameralrigesse ragigesofydii-t ed

[ , th f h. pi.xel i fy. i .
ander i ng. muRt s BE0 e RSt RER SAR He AN AR PR, T B 1

phases- geonetgyisRAIXVAMDSINVEE! hld. patRed Je8BRt data Paske 6BBHIH&S, tHe | di ng
i mages for conpositing usi ngz triangles fornmed by vertices defined in 3D

coordi nat e spavsiplRdstactypeatithm138bit multiordia ekignsion registess 412 sppasked or
i d i b int f, th tical el .pai nt s .and
| nes® o eqiMEls BIFsHmYes iR RS BRetF d PRETAFI: BRh AR E A P B8R or ed

and mani pul atﬂ%‘dtiﬁg g%ﬁ{t%v.ﬁ;\b&ist&it tR8 'mve%ti@nsglx?\ogQgﬂm\(@ds?gﬂ&?c@%jespond' g
PCT/ US991 05481 [ n°Conposing the triangles that formthe inages, eaclﬁl vert ex

or coor di nat entigmesliz extersiponostngtions access the128-binregiptars 4 2 diaectiyalsing
nodel. A color nodel is a specification of 3D cal or Qrdi nate stem and
2 Vi si bl e suBRHERer AATRE RidRaIMEnEoB S PRhTQTHER: izl RS A
particular colOr,gasmd td petfor1BNIELIRLENSE BatHamut i s a subset of all
visible chromatiicities. 'For exanple, the red (R, green (G, blue (B),

col or nodel (RGB) The r¢dienumbér systeen serbpeisepthetdomtidDuaef wai anmbey fdomat e
system The purpose.aof a col or.. nod is tq al.l ow conveni ent specification
of colors wi t"Pl‘F‘ﬁs SYitet QFSMU'%“?&%W?%’?‘?EW’;E&OEB%E‘QFVéLﬁ‘ri mari es
in that the i,pdi.yj QU1 HQ f1veR6kbdat biBeYe A SuRBEeth er to
yield the resaﬁigtcgn p|’x%?‘m#ﬁgy%}a| %g' gf y:é;ch S%i xel ei ﬁ a c@ggoési? tte

mul ti nedi a | emgee used bnjpal-adnfbeomalchiatiooapasahe subwmtyofraah neatierd dabaon. I n
an overlay, the pixels of the foreground i mage are gi,ven trans[)arency

val ues i n ad@PFHOHAT RFOCAREOREEPRRILEPIESERE AARRRIFmALiQN R&Fhq Tpat-Rumber
compost t ed | gpdem), thd Ak ahHYILEN P oA roHNML L BROSUD St iinl@bEOUN

i mmge has a nontransparé&nt value at that point, In which case the value is
t aken from t fiemfiartbat thepdotavagreuses e regfresent rasl mmmberagdoiiscreassitheageed

cover age i nf orgg .Qn is recordeg so that the color associated with each

pi xel in t he3NfEgieRcyRiven-RpMEFLIRIMRRRHENE O RRYFESIRIGANY TEREESERAERhge of
t he pixel. : i i und
cllomont of a s Mmoo B . I e e e i g
cover age zer thmas pahweya sigs, 4 signifjrandndnd shexpenentnder, whi ch constitute the
i nportant content of the foreground i nage,. have rger, cove e val ues,
typically one. Thﬁg,“rf’élﬂé%mé@iafmﬁ'g’quht @r%éh‘ﬁagq%blr étl%%{’ Pt he al pha

i nformation | I : I iRagesHhed i , SO

t hat al ong wh?ﬂg?%gléé%esgéfﬁggé]#%ﬁé?r%faegrggf&rilere I's an °g€‘6‘ﬁgg@§|§’ﬁé?‘?@
encodi ng t he tleolEHEgyenddrde dtte spgxB02 islarbinahyt valeditBatahdmaidshthe nuddeais

paral l el i sm can_be exploited in ny. di.fferent ways. One possible way is by
executing th8°_§‘§‘_?f€( p'-Er’?_(SFHH%(Bnﬁgﬁf‘@é‘ﬁﬁé}ﬁg&%a%w@oﬂ’@?s’ﬁl]éa’é.%mﬂ‘\'_}’s met hod
i nvol ves orgmﬁmgng%mﬁgrea%'agw- it3hd, FRRady T ABRBY N 0PYn Bhid N9 Lhe

i mge by col or ane. nsequently, dall of the R conponents are at

successi ve admhbesiaentsthegrhir 508 iahbt etplididy Ge@sentdd o 18ERs2002s aD 991 57631
PCT/ US99/ 05481 conponents are al so _at, sgccessi ve a&%r esses, and so on for
the B and al PRBUEDMplEefthe expenenio0fisa OHRTYRIGEST B2t ESRISSEF She PAssre of an

i mage mnust hggg,e}p@m?@%%@m% g)d%r% Liegd on them Wth all of the red

col or conponents being a essi ve addresses, it is easy to grab four
el enents of the RRpg.—ﬁam%' megncriynipte foramms, thapaelsa] 128Abit sliard typelcpntpaisgs ab
the correspondi ng four elenents of the al pha plane in a single nenory
access. Exec(RYIrignglaprespnfioaing podinsimberand Ngid8 Gits age RUMPEFRY a
extension te I t ! I s f gpﬁp . : iven
col or pl ane gp@§§§q¥éng%%ﬁg§%ﬁd% 59?5%53§L8§?§t§§¢§$$b |S%¢1 ggggnd
nmet hod for exjsebighiftadbia (PBBRAl Thé beis iof tiy paxeduBrgdt dhe typeef oper at i ons
on all color elenents of a pixel. This nethod invol ves organizing the
information for an imge in nmenory by stog ng the information about each
i mge so that the three col or conponents, R, G and B, and the al pha
conmponent, of each pixel are at successive addresses in nmenory. |In using
the nmulti nedi a extension technol ogy, one nenory access takes the RGBA
conponents for one pixel and executes in parallel operations on all the
representative conponents of the pixel. A further exanple of the
exploitation of data parallelismin nultinedia



applications involves mani pul ating coordi nates of points in space. U?‘B%%P 2002
this technique, data parallelismis exploited by executing the sane
.operations O ¥/{6¥en coordinate or by executing the same op@CAUSHNESIBh al |
poi nts of the space. The instructions disclosed herein allow for the

paral |l el conversion of nultiple single precision floating point color

values to a specific |nt eger format. One app)ication described herein, but

{0 whi ch t he SPIRASHEIEDA NAKE RISCERIYS MeFRTY AMEHEsSEhav RRVRRSIBRERE LB | ons
for the paral t

Four o 15 SehElerG RSBy o LGNS R B, 00 SRR 65
whi ch the in% Eesdt;ithmﬁehf k&meddfd%@eh ment are used Operation begins at step

160?, at which a Light i nten5|ty is conputed. A Ilght color value is
conputed, at stepRespulinggegisiesHatrfarmats, Yalesiig e Lt nyaliimedia converted

o 2 2 e Yo A L LA B BT My 508

for red (R)) dgtesitedsIhodasdre o&a)d,aqizsxbimamnﬁ@diea@demaﬁwméﬁd into
i nteger values. Figure 17 is a flowhart for_ the parallel conversion of

nul tiple col &odeabubthe inventioBisrptsopimitedi dhe drbayPrgopssprndsslirstlyt o a
specific int r f.ormat_of . on atl ns at, st 1702,

at which a ng es"dg{m%'ie&slco%pn@:g ghnﬁﬁkgsﬁ) |ng 62’ 'OPé)art Sftgge st or ed
in a regist ekigalificangels edbodetB-hd mrt@%rsg #4sameth® Be &ﬁiﬂoﬂgllMﬁBerﬁiéi@F
stored in the 128-bit registers in the packed format. Each of the co
conponent s i Aerdrnd ﬂeemmgthdlfmltqmmh@rSar'I&\wweeme@f the singlepregisiares, or

mb f h. b h
For mat o e pPARE PEAS gpcRisdar bifteatoRRat cfe iiaRe B RARR ARy Oy BE.

step 1706. Tlpeed,snbﬁg@fmdtata is stored in the 64-bit registers in the packed
format. The col or conponents are assenbled for each pixel of a conposited
graphi ¢ usi ng the%ﬁmetpsmgrre@lhelumxegeempoy rednglerexh vialeesaee storedibi t

regi sters. t he col ok~ C ents in each of .t regi sters
of St he et oo tIRrERrt e e PP BT L o dE LRI T RS Saee £t BE i ane.
In an al t er naiegnSbAGEERE! 128tHIEHrERN4(OFs KedWRen e 528-Bit aadnfeldid é}eezﬁs@&k sters

of the set of 128-bit registers represent col or conponents that define a
col or of a pregisters, andredl legisatiumpack andaridvnepsipiructions. Libhd Thbisressssus| y

di d h h |
poi nt T or mat TTSASF T4 /8 RN e er b R A poRT sy 0 45o qur o1

is a data fl| ewlidhadiaskehsicheegisicas, laed &pmmtmfruef@@,hn%emlmf dat a
usi ng the CVTPS2PI instruction of one enbodinent. In this enbodinent, it is

necessary t oaeleahmadeds waed fordfi-it owmony qmﬁ!sst %bér’cm?rmbedveien tho AT si on
of graphic cglor necess Se sone of

t he data mani plﬂ1 a&na%d1av\6§einaxo&r§§{s't'er§ amraﬁ enc' 'ﬁ‘égru&fl rt(‘asr(ie Fr¢ oatl ng

poi nt data wascesd eaanlerwémmmohmeszwwﬁnuu&heelatéieer@édE &ifs. i nstruction,
the step of converting, step 1704, n’grl ses converting I810 first and

second 32-bit col %emme:éxowea@wq n@ummte*semopp@rsatqeoﬂa&ae@?rémde
128-bit regqi SEgl II st er C(r)epd1 %2 bi t urrtr)leerl elrg th AL gaer
format. Fol | ow ng AR Lf tthe rd 2ne o ?P?ﬁeéf bi or va cties

1806- 1808 | ogighfftbanbp bﬂ@oﬂgﬁ)@d’ed%tbbbéra(?\fdstﬁ‘\epa]rgﬁelblﬁ gl R §H0W5 tKBMO ar e
shlftedlntothelower its of the 128-bit ister 1802-1804. The third
31 packed instructions operating on a pair of operands. Figure 7 shows the scalar

instructions operating on the least significant pair of the two operands; for
scalar operations, the three upper components from the first operand are
passed through to the destination. Alternatively, the three upper components
may be zeroed. In general, the address of a memory operand is aligned on a

16-byte boundary for all instruction, except for unaligned loads and stores.
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2 6 SEP 2002 wo 9~is~s3 ~ rrrn.~s99iosas ~ and fourth 32-bit col or vgilsq)q:p 2002
are converted to third and fourth 32-bit nunbers in the integer format. In

. one enbodi meYP,PtAE! af or enent i oned steps are perforned for eaRCT/usINUssEe
128-bit registers XMMO XMV2, wherein one 128bit regi ster XMMO conpri ses
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 regl stige IXMWC%Wﬁ@@sﬂﬁh@@mﬁW campirise achiude B ingleof each

ff h t
erbodi ment - o ESRErY 4SaN P B AL e S BB RBOR K S par ency
data for eachy Eblfefaslshﬁfmﬁb%nylditﬁ@pae@aq@um le pre€isidreRotindp&at Ng. step

1706, conprise rrrgl aci ng thé first and second 3Z-bit nunbers 2-1814 in
the integer frf ersffmmoatefspnsqe apesbnd to th lower twwdestinatior fields; tha- bi t

regi ster Mo, and the third and f bi nmber 6- 1818 in
the T nieger TRt AT ABOR FeLls oo oot Gy K s sp g AR &Y LRCBIG 4. bi ¢
regi ster MVB.gidhe o é&ﬁbnmté?%mt dmBbis mbﬁégedoadtsaeré £hd.f or mat
froma second 128-bit register XMM are placed in a third -bit register

MML, and the Eigitre8 siruvs mﬁphmﬁ-sbufﬂmwmehenmewm B’gBrUCflonhaftoxfer omt he
second 128-bit ister XMML are placed.in ourth 64bj,t M. The
first and secedﬁ@‘%TeBmbﬁﬁh%@‘ﬁ"l%’@Sism efaE{’ RTESt bﬁrﬁ@%ﬁérd 128- bi t
regi ster XMVBnau&ctdrf&ROretitrarly éérhbﬁénehtomeegfo%trerngh@ﬁrecw&\h gifdi rd and
fourth 32-bit nunmbers in the integer format fromth ird 128-bit-register
XM\ are pl agedni numbeisdromahisiegisteyi ster MVE. I n an alternate embodi ment,

the first and secqnd 32-hit, nunbers, in the mtgx\%er f,or nat Lroma fourth
128-bit register (RGNCEHRADIMENE SSRIAE TYeB Of TRENRRY HAG4MBY eﬁeav%rf Y not

shown), and t anausfh 159&'{1&% x%wﬁdéamemolarbmﬁdlnafaﬁgg& ofr mat from

the fourth 128-bit ter are pl In an el ght'h 64-bit ster (not

shown). The s‘bapabfﬂaespahdlﬂt@nngtmnﬂd’ﬂs is pangrdhted toqmrpvndsebe geaphpal at i ng
sters wherein _the

t he contents the set_of six 64-bit

mani pul ati on F HP?%”E:ErPé%‘GSEG%“iﬁft“&e%ﬁ “ERE SRAHPPH “HQ HePachFofloating
conponent s “F’jtf& ﬁxfabﬂfcs%ia@é iR con%@?t‘éﬁfd\g atd1e ubﬁg%@u%‘s@??ﬁ PH?BEscr{bghl ow ng
the step of acing, step 1706, each register the set of six -

regi sters MVbeidih toergacked sntdgeafokorat.obe p@ctlmd mtﬂgpodemarefused(tdnr@fdelrv\o

pi xel s. Therefaore, e step of assenbl Ln ste 3 FP 002 WO

991 57631 PCTIWS@@/&?&@’PZ?% “Egnad}?g%‘éca Op SRAX Y ?ﬁ?&n%‘FH&H‘ the first
three registeng mwg%t&f 506868 B cothBinfdo xbw{@gbﬁwm ééﬁ?'} fhe
combi nati on rese ok st ccorrbl nced 64- b?t regi ster 5 F%X%.tgl ng
three 8-bit dostonctonporiefist maltimadia extersidn regtxstdx&ﬁ@brmsﬁdnsamd a second

1830- 1834 pi xel, wherein the three 8-bit color co§$one f|ne the col or

of a pixel. TRFRIDMEhYithoIcalangegistes Or MEMBPTYSAS TR I Woer €are pl aced

i nto regi sterndiolaes bagiehtlockinihl BIhbAR. eén@moﬁﬁ&bsqmm% tRARIDHBES
performng a bitwse logical OR 1899 of "the contents of the first and
t he second MyacBdd bind scadap eirenesslobmbeMwmthwéiﬁ-bamnmbxmmmasetehsmnt ed. The
bitwise logical. ORin ction perforns wi se Logical OR on ts of
Che dest i nat | BESEGREE GrES Bd b EaReRia pethsine iR EE e testerons tie 3
destination rb‘?Qh%ésg"eHAEa? ,ng.of the result is set to O if the
corresponding bits of both operands are 0; otherwise, the bit is 1. A
bitwi se | ogi cal ORigwetdhshoveardchiteedrairegisters asppdrtesf by Hee fegissér filedbeal
operation 1898 and the contents of the third 6 regi ster The
result of thédd Hgs ovsgi’faacfms;semrsmmﬁguaﬂ%sr%? 98§r?g%ﬁ‘§&“é°@%nf -egi st er
1850 conpri si QLo CHRIAAETS B ;4f rme teQf a8l bE SLcik§20- 1824
and second 1-@%%8{??};@ ng[xﬁp%% eg\e/er 2 Fogl ca ?neat |agsr€1e }Dsﬁpcer or med of
t he second t lineger mém@@f;m&m rmﬁlt:tnimhs etten.ﬁxoalrxglét!é-rhlalndrzegﬁtsﬁ ers

MVD- MMS, wheyeip the conbi nat| n results in a second, conbi ned 64-bit

regi ster 185?%5?&)?4"5]%‘3?% QAHIE PRIGE BRSIBTARR S5 it ruglEimeskia 5  hird
and a fourth t: ds ters
WB- M vi S of ESenIsabieriib Ee B AB: & LEREAZTRBRE chithfintefil sk o

t he cont ent s patviohslyfdisduskedvivereamdht ipeckdd inkegdeviiefidtebs 204 @giy dleatiasedout t he
invention is not so limted. A bitwse logical ORis then perforned of the
result of this third |ogical operation 1897y and the contents of the sixth
64-bit register MVWb. The result of these two |ogical operations is a second
conbi ned 64-bit register 18S2 conprising three 8bit col or conponents for
each of a third and fourth pixel. The contents of the second conbi ned

regi ster 1852 are placed into register MMB. In an alternate enbodi nent,
transparenry data may be mani pul ated along with the RR G B 33 2 6 SEP
2002 1V0 99157631



PCT/ US99105481 data of a pixels, wherein the t~nro remai ning 8-bit spét$EPaii?
the conbined 64-bit registers will conprise transparency data for the

. correspondi n§PINEP3! I n one enbodi nent, the CV I T' S2PW i nst r ueCTaIs99/05481
previ ously discussed herein is used to convert the col or conponents in the
floating point format to color values in an integer format, at step 1704.
Figure 19 is a data flow diagram of the parallel conversion of graphic

col or data uspngb tmemevrppﬁzpwaqfshe seplaroregisters ne thentystiimenemotindiZhbst

enbodi nent, |s ne essar% O cltaap t he value of floating point operands
used in conve § BWEBHOBMPRT L WBHEY data to 8-bit values. This is necessary

because some of thghdabAvémMHnkbRhEEdHs 9oL c6fx%§;§cﬁ1dm%2b@l% ?e?ﬁsté’x%'%?s L
the floating point data was greater than 8 bits w de ing t

i nstruction, ﬁa@ofstiegegfstercfﬂeéw pr@)ldsaepfficwn mmmﬂcgegettmg/lmtweag f our

32-bit I ts 1902- t XMVD t o
fourI 160& '? r n %0@05115%293 chll?\gb @ﬁﬁﬁaﬁtﬂt mlswd%tag:&%ﬁg’irs‘%gl st er
MVO. I'n one e'EJQRpée‘?ﬁet'ﬂEwe%(@?erﬁ‘;('ﬂﬁ@mﬁaﬁ%sﬂ&ﬁ%n@E&n gisk Bulefle hgf each of

three 128-bit registers MW, wherein one 128-bit register XMMO
conpri ses dat éinfited ta, R&Droettdicakboip@gento iﬂalzeﬁuhgleﬁ’rémﬂonﬂilaahfg Paine

128-bit register XNML s data faor a een oI or .co nent of each of
four pixels, &ﬁ&%ﬁ@“fémssf@@?gf%?"%w&ﬁﬁ?“ elagging n?gFecéf"B} ue col or
conponent of eaRGPdiRo ngzasltqm Bl irfsA@icligY ROV e8hdI $ndtPlctify b i €d. In

an alternate enbodgrrent a fourt 8%28 bit register (not shown) may conprise
transparenry d“ahaerftdiruaaa:tla Sohlaf Smglevaeelsmn Fltmaangﬂ’bert talScelan 32-bitclindbepe nent |

each regi ster  of a 128-bi t gi sters C ise data for t he
col or corrponef‘ﬂsér”('ifloa (S%SE gﬁ‘&‘*%&ﬁﬁ‘f’r})@dg éP“Yﬁrt Eﬂ é‘eéjg'gpgftif‘ﬁﬁé’ét%4 bi t
registers maypsamarsLagieOt%esmer%ng% FRSBANE s%ftf foft) Plosel -

The step of placing, Step 1 , conprises aC| ng the four It nunbers,
or color conparﬁ‘mrmvs;t l?atkttiéungi&é’gmsubmﬂmttuugd’mntﬁé Ranckedé@ﬂzxthutege?herefore)

mbodi t, bi t St MVD ' t first
128°bi t 1 agi S FBRRD ESBoR L b tHE Ry o REn aRt B4 G 1ESER! of 1 our
pixel s, a secqnd BfpRioho ﬁﬂﬁk%ﬁgﬂ%f@@ﬁ%ﬂ%‘cﬁ 594 Qnﬁ%‘:(?ﬁ"ﬁéﬁ% bi t

register XMM conprises t conponent ata or eac t he four
pi xel s, and air34ructidnG26EhR90EnVEOt ID1HZES Paket/ Jisgie/Mibciskh Flbating Bdiri t

register M2 co to a third lﬁ%r ister. XMy, 2 conprises the
Bl ue cprrponen fﬁ%\‘iekéggo% g&'ﬁg‘iffm’ftﬁﬁc"f% @?%ﬁ’iucpﬁé‘%ﬁ?/enti on i s not
so limted. The steRe @Bn@éﬁ@&?ﬂak 'i!r&e éit%FSchaQ%a 659@P€€c?§ i FROTRY 1355t

mani pul ating the contents of the se of three bit registers MMO M\,

wher ei n t he mastmgtiat i(ONTSERSS instructian9 16 4f bne embgdshmfscci%&s]a%@xetdhat

each conpri se e .color_co nts that .define each i.xels, .In one
obodi mont ¢ AECIRAREBET HOPOR SE SRR B L iR BEDGPERIer SRR ASEIEH PERNSR,

registers MVDﬂB/Min sk Ofrhtefa[rg% Riidn AEGLRE S5t MMDAYES pifagd gl n the
conbi nati on resul t% |on a fi resft Mvd dégecsec%nd It\r/%ﬁconbl ned 6413122(ra
regi ster. Theategister obabetned 28¢gi mubimdia exmrqr&eglsaerBl%ét Adtminamwyaond

8-bit color cqnp Qr each a first and cond pi and the
Cecond” conbi naR ¢ LorZSS SRS 430 coBLedE § SRS AP SRS BB OBb b
conponent foraeﬁgm ﬁéec?susrhms&k@goatmweb Whe@ln the sk %rea%hmtﬁ b't
regi ster MMB i s (generated by orm ng an unpack oper t| on 1920 on

| ower 32 bi t spoint nhenbeniis sioﬁeliimatragmgemfasden&hemulmmhhatehterﬂmmnbl ned

regi ster MVB conpri third 8-bit col or conponent for each,of the first
and second pi JEERReTsROPOUYRER U6 FARIETBATERTE INEICSUBRNINES PPRIATEIR od by

perform ng an, YRPAGK +BREE AbhieR ZoRRol B84 YRRSY t&its of the third
64-bit regi staeér!:B gt\?me%gﬁsn tﬁjo?%ogr ﬁ con{g)tl%ne € %g%}ster MVB conprises a
third 8-bit col or Eigupeneixa flowckat foraforivheiriga ndmbied ffoon tsealpt ferinsat to

Specifically, in one enbodinent, follo the step of placing, step 1706,
each regi steraBPC}iQS’eﬂ%%n&)PoWhi%@aéﬁthﬁ\%‘p? ﬁgtrﬁf@ceeﬁbf’} Qﬁ%eﬁ‘g?é“ﬂ%‘?t one

col or conpone X éxé,sfg ng,
step 1708, CO%F%L“@?%&‘Q%%‘L%"% duazsgengf%%%g% lfsté}g?q%ﬁgeg{% an p%rgleen
col or conponein sregistéootia fitstebtxf arttdtertiap] Hgiaaasénhlscalgr fesnat SHeor t he

Bl ue col or conponents of four pixels, and the step of piecing together the
Red, G een, and Blue conponents to formt<go 64-bit registers, wherein each
regi ster conprises the data for the col or conponents that define each of
two pixel s.



The step of assenbling the results for the Red and G een col or conpch&iSER 2001
of four pixels conprises performng a bitwi se |ogical OR of the contents of
.the first MVOVa#ssétond MM 64-bit registers of the set of threruSBs482 6
SEP Z001 w0 99157631 PCTNS99/ 05481 64-bit registers. The resultant 64-bit
regi ster 1950 conprises eight 8-bit nunbers, or col or conponents, wherein
four 8-bit nunbers conprise data for the Red col or conponent of each of
four pixel s andtegeuforgdsiof onarboslimenpisi asiR-butiateger format, G dlne Tolention

conponent of each of,.the faour _pixels,. but the invention is not. so |ifxjted.
In one enbodi t2APt th@“@&}n&gﬁt S%”‘fetf’ﬁérc:g\é@ﬁutré gﬁsﬁ@rﬁi”ﬂayr%ﬁ?glf’%arelﬁgtsg'are
substituted faqy tdisl Sht B4 iaPd ISt 6 liwgd?f S8br A thbh 4-Dbit
regi sters. Anq{ﬁtnp gské Sbgéat?li%é%pé Jﬁ'g‘:‘gﬁ oév rom V\'{)}?é(;lﬁfo (Ejroﬁlbpem%t‘régﬁpl%z is
perfornmed on tfhenhisepn@ertdd,tas sep 1064, toesmiunbet irthelfidatinggicin tefiorrh@6 0The

P or e oanonerloating RoHE! laPaah oL B e ABEITBARL IF bt SRE PIACRIoRdIo%E Second
Cp or conpone . . . secon
pi xel . An unpg:geﬁqﬂe%atWth@ﬁ\%rehﬁax%nal@gaimtfa%ﬁ Bfe QH‘%°9%E‘W‘J§‘§§“S°”€

regi ster and oper an roma corresponding location I n another re ter
and pl aci ng baif koppeatingtsnyrides goaegsing ronndingegirstat bits Ama woptrokarapstaais on
(unpack high fromword to doubl eword) 1954 is perforned on the ypper 32
bits of the rdSgistearAnbRUAIng thy Ruppen guihedlpadingppiat rg@&emrgmwpﬁba

64-bit regist C h§k.0g . . I QFWzR he
G een col or cgérlﬁ%@\%&&ﬁ{&éggﬁ' gﬁ@gaﬁl rréﬁ g}ﬁedﬁﬁoﬁr%)h&&tge . ?ﬁéﬂ‘é?‘gg‘ %)f
assenbl i ng t heegieteulof & skeind e oBhtthritectursl regiseersdntpacked fWinapj atatep

conprises perform ng an unpack operation, (unpack |ow fromword to

doubl ewor d) 19806-oln enfeemadimert, thiersecend satofaprhitechirabiagisteRgicomuTina t o
produce a thir JMe =Rt regi . .Sl t Bl ue
col or conponer?tgghgﬁagggﬁgtg?s%igf}%lﬁtstﬁgand&gledé%{géﬁglggﬁelﬁl% ﬁ%psgecég%%%lgi on
(unpack hi gh fth@fuibed it ehedtadtirg\woid) fokf22 in a rpgisterioffedecnd dee ofipper 32
bits of the third 64-bit register MR to ;i)roduce a fourth caonbined 64-bit
regi ster MVBb GEHplactirabragistarsrory corapese @lacns thecvmpberdatthg floating peinty

third and four i.xel | eGl: - and

Bl ue conponentfé %Lﬁ(;earl%w{-g\?\gse%ﬁe&t@ f F}gégfeglgel?rsg%ggg&%@ég g‘é’ﬁgff%‘&&gg? { orm ng
a first | ogicahe fJgist@PdneHarlged, Hutithe iMdhtiondistrldit 66l liMyRdc onbi ned 64- bi t

regi sters to produce a first_graphic register_ 1998 and Egrform’ m}:; a second

| ogi cal OR 1926 of ThR&gwesrralavsinglg Nredsion hiapinmheinh ke 8&byiinteeesi st er s
Lo produce RGNy sIo B A0R RS TTAS In P INSBRHOSARE G 201

regi ster 1999. e st ‘graphi ¢ regi ster onprises’three It color

conponent s t hgtedsdbh fidadagpoddt raurhbésfroh®B028b1d rseltiaradid 82nfbxrebgistEie
second graphic register 1999 conprises three 8-bit color cogggnentsﬂt hat
defi ne each oP0&tq apEditvgredindegesulg 32dubsIBNe@Integsr i5ReAcgAIBARIENT, t he

CVIT S2PB i nstiiigt 33_99&%5%’310%%55){&%0?”9 Y$REA the conversion is inexact, rounding is

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

The Convert Truncate Scalar Single Precision Floating Point to Scalar 32-
bit Integer instruction (CVTTSS2SI 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

22



herein is used to convert the col or conponents in the floating point format
to color values in an integer format, at step 1704. Figure 20 is a dafadEP 1002
.flow diagram of the parallel conversion of graphic color data using the
CVI1'I"S?1'B instruction of one enbodinent. Using this instruction, the
step of converting, step 1704, conprises converting four 32-bit color
conponents 2002-2008 located in a 128bit register XMMOto four 8-bit
nunbers 2012-2018, or col or conmponents, in a 64-bit register MMO. In one
enbodi ment, the aforenentioned steps are perforned for each of three
128-bit registers XMMO XMV2, wherein one |128bit register XMMO conpri ses
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 solimted. In an alternate

enbodi nent, a fourth 128-bit register (not shown) nmay conprise transparency
data for each of four pixels. In another alternate enbodi nent, each
register 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 8-bit nunbers,
or color conmponents, in the integer format in a 64-bit register. Therefore)
in one enbodinment, a first 64-bit register MMO corresponding to a first
128-bit register XMMO conpri ses the Red conponent data for each of four

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

regi ster XMM conprises the Green conponent data for each of the four

pi xels, and a third 64bit register M\ corresponding to a third 128-bit
regi ster XMM2 conprises the Blue conponent data for each of the four

pi xel s, but the invention is not so limted. 37 z s sEP zooz WO 99157631
PCT/ US99/ 05~81 The step of assenbling, step 1708, generally conprises
mani pul ating the contents of the set of three 64-bit regi sters MVOD M\,
~~herein the manipulation results in tw 64-bit regi sters 2098-2099 t hat
each conprise the col or conponents that define each of two pixels. In one
enbodi ment, the mani pul ation conprises the |ogical conbination of two

regi sters MMO-MML of the set of three 64-bit registers MMO M2, wherein the
conbination results in a first MM and a second MVE conbi ned 64-bit
register. The first conbined register MM conprises a first and a second
8-bit color component for each of a first and a second pixel, and the
second conbi ned~MW- register conprises a first and a second 8-bit color
conponent for each of a third and a fourth pixel. Athird MM and a fourth
MV6 conbi ned 64-bit register are generated fromthe | ogical conbination of
one register MR of the set of three 64-bit registers and a fourth 64-bit
regi ster 1910 containing logic zeros. The third conbined register MVB
conprises a third 8-bit color conponent for each of the first and second

pi xel s, and the fourth conbined register MV conprises a third 8-bit col or
conmponent for each of the third and fourth pixels. A logical conbination of
the first MM and third MM3 conbined registers results in a first 64-bit
graphic register 2098; the first graphic register 2098 conprises three
8-bit color conponents 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

| ogi cal conbination of the second MVb and fourth MV6 conbi ned registers
results in a second 64-bit graphic register 2099; the second graphic

regi ster 2099 conprises three 8-bit col or conponents 2034 that define a
color of a third pixel and three 8-bit color conponents 2036 that define a
color of a fourth pixel. In an alternate enbodi nent, each of the conbined
regi sters may conprise two 8-bit transparency conponents for each of the
correspondi ng pi xels, and each of the graphic registers nay conprise an
8-bit transparenry conponent corresponding to each represented pixel.
Specifically, in one enbodinent, follow ng the step of placing, step 1706,
each register of the set of three 64-bit registers MO M2 conprises data
for one col or conmponent of each of four pixels. Therefore, the step of
assenbl i ng, 38 2 s sEP zoo2 WD 99/57531 PCT~US99~05a81 step 1708,
conprises the step of assenbling results for the Red and G een col or
conponents of four pixels, the step of assenbling results for the Bl ue

col or conponents of four pixels, and the step of piecing together the Red,
Green, and Bl ue conponents to formtw 64-bit registers 2098-2099, wherein
each regi ster conprises the data for the col or conponents that define each

Y I —— . Y T 1 T I r M -~ 1 I .



conponents of four pixels conprises perforning an unpack operation (@bpEPkl00?
|l ow frombyte to word) 2056 on the contents of the first MMO and second MVL
.64-bit regi sWer%/5e631t he set of three 64-bit regi sters MVD- MVRPCTAIG99/05481
resultant 64bit register 2050 conprises eight 8-bit nunbers, or col or
conponents, wherein four 8-bit nunbers conprise data for the Red col or
conponent of each of four pixels and four 8-bit nunbers conprise data for
the Green col one enypedimant. @Pe@(tll@ncﬁegm*ﬁeaffsm}? 1H12xaf whidhut phurelityefent i on i s

not so limted. In one he co tents of the re t ant

Fogi ster 2050 NPRE BePERdT B oRHEE PORLORRA! 1 1 GTRErest RBFORdSRE b et
of three 64- bhﬁdut‘égdéﬁle{egls%l@ ack¥d FHIRRMK [9BRE aiNbRRihBAD 86k lbdsOm
word to doubl eword) 20527 s performed on the lower 32 bits of the resultant
64- bit regi st ere 2050 indhpflodting pwiht fosmat dnbithethvention is netgodimited/Nihe
conprising data for th Red co or conpenent .an he . G,een cal or, conponent
of Bach of a FPPURE B IORBAUOIAEAT DO A AR SB SRS R e RpA RS RRE £ r om
word to doubl gwrtq'&m%&)ﬁﬂut EheRRVER GRS Rt sbNEnMHEPCIn e dthbSdRfert el €Sul t ant
64-bit registér 2050 t0 produce a second combi ned 64-bit register MVb
conposi ng dat aedood sehef mdltea:rhozrl regustmsremhparseb ¢ight H’&elamegjkmrs botihenent of

each of a third and fourth bep of ~ass nbl}p results for
P g

t he Bl ue col oF“’(?ﬁ‘ﬁ’BBﬁ%HPESQ) tGErr qﬂ the plurality gEnym A pack
operation (un r hi rd
64-bit regi stgraﬁgr]:& é%gg?t‘ﬁé%ﬁd tg?f%?elgpgte%ﬁbégﬁtﬁgﬁﬁggfgg{ngg%%r 0S.
The resul t ant irGdgdri fbrmagoSmm erdb68imentyis b S@bif dueged fdxrhatnbubeedntvdratonar e
the data for the B|l.f nent OL gach of Eh JT%E'[’ i xels. In one

enbodi ment ,  t FIQSALERKEA ofn eRgembedimeofshe 25 mpnctiomahesiep of
substi t ut ed f ebnidifink R r@ésgkctes&ﬁ ré&R& %4 thbde Blts 1 #€bn @bl 4y 8- bit
regi sters MMO- MVR unpack operatron fromword to 39 26 S
E P 2002 CVO Sﬁxﬁaﬁahdﬁﬁﬁhﬂlﬁ@ﬂﬁﬁﬂﬁﬁbmnbhemgér fpetat acopeéinfzapieel on t he
| ower 32 bits of 4126 re ultant 4-bit register 2060; the result of the
unpack repl ac&&n Caé? the fourth 64-bit register MVB, wherein the

fourth 64-bit regi bSOV, g&qﬁ ent
of each of a fi rstﬁ{a secon pi xel . ¢ n unpackﬁgérg%gﬁghg§ paCEn %Prom
word to doubl empdlsas @#2(fidatirg therfumberdnahe trite errfpamsﬁnpliunslyatcdramg to

resultant 64-bit ister 206Q to roducegﬁpseventh 64-hi t an?xgl ste
conpri si ng dafipdediiRg drErTen BIStUGHABNdRE tHINcaieapesption ity ImR e@ourth

pi xel. The stgp sFe%BHuRé}g@édb%r Hi"i—‘hBﬁ{jo SiRE AmeAdu Bt 8o GORROARN S tO
formtw 64- b?? reéﬂterls 209 2099acorrp secée pegp(r)nrm 8 a f?rst ?)ogr cal
2070 of the frostolMid stachstragister MydletoninaedoGrdingtmodegisstibninated. pr oduce a

first graphic_regi fter 2098 an perf[?orm ng .a second Io i cal u_%cg of the
second MVB andYPBat3RPliGeEOBS REY RLGS: %b?%’f‘@‘r‘@t‘f’ﬁ H?‘&&f 8 I Esnd

graphi c regi SB%re?tox%%nd%mo'éie?&\e%&%'tér&ﬁ&hﬂ;?ﬁod’eoi?%eﬁ&%@l | 35 g&l ee

8-bit color conponents t I ne each of a rst 2030 and’second 2032
pi xel . The seedwed gnaphing freg SdangZdat moimpegese Chihgirg thebbtindmiganode

conponents that define each of .a third 2034 and fourth 2036 pixel.. Wile
the present i AR EiIYo"r?‘lHé@S RIBIAE RS FBNANE CANTTRF BT Rdra étaérﬂ%asr-?er

exenpl ary enbadi gL She kunhlelofRa e HBRE i A ikaLLA? . PG hiphaihpRR, and

changes may b to these e ts w eparting f r oader
spirit and scepeasofegtsher harwase themoasdsgt mbde pedified be tiod isemictidecor di ngl y,
t he specification and draw n%s are to be regarded in an illustrative rather

than a restri BYgryides dngatatusy 8lséer@'3§m 2002 What |s clained is: A nmethod
for converting a n L i bd 9k FRA fil2t SOYF
format, conprisi ngim%?orr né\ﬁg %ée??éﬁra i t;? 0 nb%lgé?g) thenr%nt eger
format in a reghsteeurdlaegBeragn h@czﬁaxf formtat, at step 1106. The first set of
architectural registers may comprise eight 32-bit registers, but the invention is

not so limited.



set of architectural registers in a packed format; converting at Ieaszscggpzﬂnz
of the first plurality of nunbers to at | east one nunber in the

-f1 oati ng- poi NWOP8EMEE; and placing the at | east one nunber in RAWUS9I05481
floating-point format in a register belonging to a second set of
architectural registers in a packed format. The nethod of claim1, further
conprising: storing_a second plurality of numbers in the floating-point

format in a registdmedfedriiryt Recked I2heit fntegerdtodtacked Siede Presetion Bloatingi ster s

in the packed 4 or mat I el econd. pl ity is. ar er .than the

first plurali tﬁmtg]gﬁ%l\le{}g%gtg?_i,@glpg%ﬁgmg’?)%zﬁgogg%%%Hg%sg'&’éﬁS’llfinf%of number s
to at |east OngteRdfRGm N64-BR rhilkPN&dia kRfefBion ﬁd&ﬁe@h&é{;&%e‘ghﬁer@@t't@%b one
nunber in the integer format in the first set ‘of archifectural registers in

t he packed f orleast sighifécanésingle pfecisien floating\pein¢ inpmhsns-eFh¢ sipgleqrpeisions :
accessing roungding control bits in,a gontr.alb/status reqgi ster. and.roundin
fheCa 1ot e i Rt e pitefi R oot ShEmed R St it

roundi ng cont rgak, Mkén tie cohbersitit Rafetict Goahaird is\ty@%ﬁh@d%@w@m | ¥k at
| east one of the second plurality of nunbers to at | east one nunmber in the

i nt eger for matcootnopand statusiragister mgmy menmwiryig The depbi two sigmificant symbess
hol di ng a converﬁgi an iﬁ??.tructj n, _and raundi ng the at | east one nunber in
the integer fdPiREAGREBFEAHGESETA™S 686 ng node i ndi cated by the rounding

mode bits. The met ipggh @120 818 wnati ebfvérig HAbBORBRAS phiked ihfegepat &
. format to a packed floating point format (the CVTPI2PS instruction) of one

embodiment. Operation begins at step 1202, at which a first plurality of
numbers in the integer format are stored in a register of a first set of
architectural registers in a packed format. In one embodiment, two numbers
are stored in the integer format, but the 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
floating point format may comprise two numbers, but the invention is not so
limited. In one embodiment, the second set of architectural registers comprises
eight 128-bit registers, but the invention is not so limited. The step of placing at
least one number in the floating point format in a register of a second set of

architectural registers may comprise placing two numbers in the floating point
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-41 2 6 SEP 2002 6. The nethod of claim?2, wherein the first pIuraL$§¥ h@l
two and 'the second plurality is four. 7. The nethod of claim2, wher Ehe
_floating-poi modms7emt is a single precision, 32-bit floating-perRised st .
and wherein the integer format is a 32-bit integer format. 8. The nethod of
claim7, wherein the first set of architectural registers conprises eight
64bit registers, and wherein the second set of architectural registers

conpri ses ei glispmdtd8-allotver eglfdfehs registed iied pedsee@n@fancippehdlf oviey ei N
placing the at |east one nunber in the floating-pornt format in a register

bel ongi ng to thgstesssadanged, bt thedhiverdenisatotisedimited-s conpri ses pl aci ng
two nunbers in the floating-point format in | ower | £, .0f, the reqister
and preserving an HbB’e‘? eﬂ‘e’i)l%fj? n{’ ﬁ}éerféé? §?_Veerr§1uvr?5ha§ﬁsg§e]%f52fcfff_a?ﬁgs%%f%‘d of
claim1, wherehdt doR9eds h@:@e’i{fsiﬁgl@ ;ﬂlé&?i%h fidatine JihOvdlLEOmR01 78 bit Or mat
conprises two nunbers. 11. The method of claim?2, wherein the at |east one

nunber in the multiowgsiia gxtensioncegistar 986 to packediPebis integers Atarad i aédtbétadabl e
medi um havi ng _stored.thereon data representing sequenges. of instructions
for converti ng HETIRN SRerrBRrERGBG0 ThOAFH VAR BrnF woRyar EkHaL . t he
sequences of isigdle PEdiIHS FYutiE, PORER Packed BRMiDhhidyed LXRRRIN (CRAYSEP] he

processor to: convert a first plurality of nunbers in an integer format
t hat are st or éastiuctiony 9pathed donegitsthertwedeastgigryficant sinfgile preciséon fipating

71 oat i ng- por nPeRIHTCera pra o R e st T hiBare 2t ne
e machi ne. 1 Sl o e oy et A e et fons fur t her
conpri se i nst mugltimadia extessing refisterOhi Wéhenothe @ondersiotis aiexahe reguding is
plural ity of numbers;260Ldng he SO DILE dfadssgpuly! /status

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 CVTPS2PB 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.

The Convert Truncate Packed Single Precision Floating Point to Packed
32-bit Integer instruction (CVTTPS2PI instruction) 928 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, the result is truncated implicitly without the step of
accessing a rounding mode from a control and status register.

Figure 13 is a flowchart for converting a number from a packed floating

point format to a packed integer format (the CVTPS2PI and CVTTPS2PI

instructions) of one embodiment. Operation begins at step 1302, at which a
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2 6 SEP zoos 14. The machi ne-readabl e nedi um of claim 13 wherein trm?é-gﬁ?%?
set of architectural registers conprises eight 64-bit registers. ﬁ

. machi ne-r eadebb/grepedi um of clai m 14, wherein the second set g y8)08 %
conprises eight 128-bit registers. 16. The nachi ne-readabl e medi um of clai m
15, wherein the floating-point format is a 32-bit, single precision
floating-point format. 17. The machi ne-readabl e nedi um of claim 16, wherein

the integer sbesritppluraliey Fanbhbers ategered oy tietfloalthg Jdift HR&NAL Bea t@adabl e
medi um of claim 17, wherein the first plurality an the second plurality

are two. 19.of threseeaprisatof arshidenturakeegisterson a:Pa¢lmd1f9rm\aheImn¢ t he
i nstructions f.urfher ri.se instructi,ons,. caus th i he o store t wo
b r<]:E é‘t CfgﬂpnF% ers arte sH:)rteH ?hes 8?“‘?&8 B'gé g t

floating poFFR Fower segnent

bel ongi ng t enidiRicreis M s6 Eimitdd. arHeidRHgUsGtht fcﬁﬁha&t&roae@ﬂfboaﬁ@éﬁma two
upper segnents unchanged. 20. A machi ne-Teadabl e nmedi um havi ng stored

t her eon dat 32rhipsinglerprenigiorefiprtingepoing fqrn@t,rb}mthemvmxonoenoesq iiméteet ween

an i nteger fornmat nd tin 0 t fo uence

st ructs ond® SAPERBuHBenL 1Bt s EaBRe TS bR b Rt SR sigt o 1o
convert a fImsﬂmdoaegisaéﬂstyutqhewﬁbalsaotitemdl&@t | AdeRidNe Jitidmat that are
stored in a packed register belonging to a first set of architectural

regi st ers t @laradigéy ohdupibgrsin tﬂ\y ﬂoﬂtmg pointformat ise:onﬁeegé,ratfsm’@o'i torat store
Set of ar citast puf airfies ok tegsh e (R REeF it ok SRRAPTIRKOT ! ai m 20
wher ei n the ji PSP IHCHkQRS FoHRABE: :ﬁemér%d 1§~°ntort gsmw&% CRlbHeNd the machine
to round each of the second plurality of nunbers according to a rounding
nmode field @fnta)ddmemepétr@rCV'ﬁBS?duamstumnon 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 rou.nd'mg 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 set of

architectural registers in a packed format, at step 1306. The first set of

architectural registers may comprise eight 64-bit registers, but the invention is

not so limited.

The CVTTPS2P] instruction of one embodiment encodes the rounding
mode in the instruction, which improves performance as described above with
respect to the CVTTSS2SI instruction.
Figure 14 is a flowchart for a second variant instruction used for

converting a number from a packed floating point format to a packed integer

format (the CVTPS2PW instruction).” Operation begins at step 1402, at which a

plurality of numbers are stored in the floating point format in a register of a

first set of architectural registers in a packed format. In one embodiment, four

numbers are stored in the floating point format, but the invention is not so

limited. 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
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-43 2 6 SEP 2002 22. The machi ne-readabl e nedi um of claim 21, wher Q'SnSEPh?%UZ
roundi ng node field indicates a truncate roundi ng node. 23. The
- machi ne-r eadweld ®/sngxdi um of claim 20, wherein the first set of P@f,ggg,gt,(ggg,ural
regi sters conprises eight 128-bit packed floating-point registers. 24. The
machi ne-r eadabl e medi um of claim 23, wherein the first plurality is two and
wherein the second plurality is twd. 25. The nachi ne-readabl e nmedi um of

claim 23, whaitbsdibient sbhe ¢inst seebf afchirectirilaegistab coe@riséLsighciappbit ses ei ght
64-bit packed integer regl sters. -44 . AF% A3.
A . A3. A A r .IAgIARR hutgh eny@nnpnAsnmsmhxwteA@w lpgst fEmpd the plugglity of . A
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Ff 109&' () - FYTegigters cownpises eighil 465bit oegisteys, but tegugettion igroweo fimitedt 00’ () -
109 () - At least one of the plurality of numbers in the floating point format is
converted, at step 1504, to at least one number in the integer format. The
integer format of one embodiment is an 8-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 8-bit integer format are placed in

a register of a second set of architectural registers in a packed format, at step
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1506. 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 8-bit integers representing the contents of one
128-bit floating point register, but the invention is not so limited.

The conversion instructions retain SIMD parallelism even though the
widths of the registers are different. For conversions from the 128-bit to the 64-
bit multimedia extension registers, the lower two SIMD floating point elements
are converted to 32-bit integer elements per conversion instruction; therefore,
two instantiations of a particular instruction are used to convert all four single
precision elements, wherein shuffling of the operands is performed prior to
issuance of the second conversion instruction. For conversions from the 64-bit
to the 128-bit multimedia extension registers, the two 32-bit integer 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 generated 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 mathematical elements such as points and lines, to equivalent images

composed of pixel patterns that can be stored and manipulated as sets of bits.
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910% 0& () -sF q;g%@gge(l)asm%sg&n DY3IyR; o 2 particular color model.

SGF10% od () LB GL Y 2 (Si?/ﬁas}fa%mf R SR ST X SR

o8N &&&.&KI dE~ @Jfalsg%'iﬂ@%. étforﬁ)natl&‘sfd@t%W&h@ WfEuch all colors in a particular color

10% 9& ()- 519% 0& ()-s3nml0% o0& ()- & 10% o0& ( 2 y

K ) (u( ( dE~ gamutliel pdaesein) color gamut is a subsef of all visible chromaticities. For
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 for
an image in memory by storing the image by color plane. Consequently, all of

the R components are at successive addresses in memory, all of the G
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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 parallelism 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 compone-nts, 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 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
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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 int.eger 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. Inan
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 CVTPS2P[ 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. Figure 18 is a data flow diagram
of the parallel conversion of graphic color data using the CVTPS2PI 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 CVTPS2PI 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
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performed for each of three 128-bit registers XMMO0-XMM?2, 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 XMMQO in a first 64-bit register MMO0, 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 XMM]1 are placed
in a third 64-bit register MM, and the third and fourth 32-bit numbers in the
integer format from the second 128-bit register XMM]1 are placed in a fourth 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 MM0-MM35, 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-MMS5 comprises data for one

color component of each of two pixels. Therefore, the step of assembling, step
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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 MM1
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
source operands and writes the result to the destination register. Each bit of
the result is set to 0 if the corresponding bits of both operands are 0; otherwise,
the bitis 1. A bitwise logical OR is then perform;zd 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 thuird 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
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herein is used to convert the color components in the floating point format to
color values in an integer format, at step 1704. Figure 19 is a data flow diagram
of the parallel conversion of graphic color data using the CVTPS2PW
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 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-XMM?2, 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
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10:.) 10%] &Icgl)'r{prises 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-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 MMO0-MM2, 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 MM5 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 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, 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 a bitwise logical OR of the

contents of the first MMO and second MM1 64-bit registers of the set of three
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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 MMS5 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
(unpack high from word to doubleword) 1922 is performed on the upper 32
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 MM5 and fourth MM6 combined 64-bit registers to produce a second
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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 régister 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. Figure 20 is a data flow diagram
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 XMMO 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-XMM?2, 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 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 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 third 128-bit register XMM2 comprises the
Blue component data for each of the four pixels, but the invention is not so

limited.
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contents of the set of three 64-bit registers MMO-MM2, 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 MMO0-MM]1 of
the set of three 64-bit registers MM0-MM2, 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-MM5 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 logical combination of one register MM2 of the set of three 64-bit registers
and a fourth 64-bit register 1910 containing logic ze}os. The third combined
register MM3 comprises a third 8-bit color component for each of the first and
second pixels, and the fourth combined register MM6 comprises a third 8-bit
color component for each of the third and fourth pixels.

A logical 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-MM2 comprises data for

one color component of each of four pixels. Therefore, the step of assembling,
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10% & () - +Sl(c):(c)f)m8f>o(n)e;1ts 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 MM1
64-bit registers of the set of three 64-bit registers MM0O-MM2. The resultant 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 high 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-MM?2. An unpack operation (unpack low from word to
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h& () -' m0%da&bleword}Q062 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 data for
the Blue color component of each of a first and second pixel. An unpack
operation (unpack high from word to doublewords) 2064 is performed 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 MMS5 and fourth MM6 combined 64-bit regiéters 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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What is claimed is:

1. A method for converting a number between a floating-point format and an integer format,
comprising:

storing a first plurality of numbers in the integer format in a register belonging to a first
set of architectural registers in a packed format;

converting at least one of the first plurality of numbers to at least one number in the
floating-point format; and

placing the at least one number in the floating-point format in a register belonging to a

second set of architectural registers in a packed format.

2. The method of claim 1, further comprising:

storing a second plurality of numbers in the floating-point format in a register belonging
to the second set of architectural registers in the packed format, wherein the second plurality is
greater than the first plurality;

converting at least one of the second plurality of numbers to at least one number in the
integer format; and

placing the at least one number in the integer format in the first set of architectural

registers in the packed format.

3. The method of claim 1, wherein converting comprises:
accessing rounding control bits in a control/status register; and
rounding the at least one number in the floating-point format according to the rounding

control bits.

4. The method of claim 2, wherein converting at least one of the second plurality of
numbers to at least one number in the integer format comprises:
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.
5. The method of claim 4, wherein the rounding mode is a truncate mode.
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7. The method of claim 2, 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.

8. The method of claim 7, wherein the first set of architectural registers comprises eight 64-
bit registers, and wherein the second set of architectural registers comprises eight, 128-bit

registers.

9. The method of claim 8, wherein placing the at least one number in the floating-point
format in a register belonging to the second set of architectural registers comprises placing two
numbers in the floating-point format in a lower half of the register and preserving an upper half of

the register unchanged.

10. The method of claim 1, wherein the at least one number in the floating-point format

comprises two numbers.

1. The method of claim 2, wherein the at least one number in the integer format comprises
two numbers.
12. A machine-readable medium having stored thereon data representing sequences of

instructions for converting between a floating-point format and an integer format, the sequences
of instructions which, when executed by a processor, cause the processor to:

convert a first plurality of numbers in an integer format that are stored in the packed
register belonging to a first set of architectural registers to a second plurality of numbers in a
floating-point format; and

store the second plurality of numbers in the packed register belonging to a second set of

architectural registers.
13. The machine-readable medium of claim 12, wherein the instructions further comprise
instructions causing the machine to round each of the second plurality of numbers according to a

rounding field of a control/status register.

-42-



10' @0%} & ()-& 10%}| & ()-9%Z10%t| & ()-!10%4H & ()-f10%t| & ()-3
10%4| & () - vvMvawwy( xdEbC 10S210%4| & () -f/ 10%4| & () - 76 SEP 2002
. -10%4| & () -y, 10%4| & ()-* 10%4| & ()- y)10%4| & () - (XxXxXxxx@ybC
10t ! 10%4 & ()-fFM 10%4| & ()-f (110%4] & ()- 104| 104|
104] @mML0%| & ()-39! 10%4| & ()-SyPzzzbC 10t ! 10%4| & ()-fFM 10%4| & () - f
(110%4 & ()- ,8ml0%4| & ()-F10%4| & ()-fF! 10%4| & ()-f Normal " "Headi ng 13]c"
"Headi ng 23]¢" "HRaglichitie-Aalifble mbaA b aitiABGiherdieRE iRPseb 3 dchitedtaartefbted3] C”
"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font' ' a09: BORIPrijeseigsio4bitrgisteric B2 QHQZNag ouw| ~&7V=r} ~ _9=Vhgsz
| " DB (#*, ] 37<AG?NPUl WJ_zaci | =r | { ~| nBl ' bZSZ A~
B' [ *7018v9BBHKKT=V] bpdewghj knqrsv(xyz . !'"#3$9%& ()*+,-./0123456789:;
<=>? @\BCDEFGHI J KINeokiresTaadaliemnedium REsIAIRDFaYiherein theserond pet REREIRtIRGemPrises

Ent r yWor dDogsHiede-bit rebisteRv® () *+, -. /0123456789 ;
<=>? GABCDEFCH JKLI\/NOBQQSTU\/V\XYZ[ \]~_"abcdef ghi j kl mopqr st uvwxyz{| }~

" #39& () *+,-./0123456789: ; <=>?@\BCDEFGH JKLNMNOPQRSTUVWKYZ[
16. The machine-readable medium of claim 15, wherein the floating-point format is a 32-bit,

single precision floating-point format.

17. The machine-readable medium of claim 16, wherein the integer format is a 32-bit integer

format,

18. The machine-readable medium of claim 17, wherein the first plurality and the second

plurality are two.

19. The machine-readable medium of claim 18, wherein the instructions further comprise
instructions causing the machine to store two floating point numbers in two lower segments of the
packed register belonging to the second set of architectural registers and preserve two upper

segments unchanged.

20. A machine-readable medium having stored thereon data representing sequences of
instructions for converting between an integer format and a floating-point format, the sequences
of instructions which, when executed by a processor, cause the processor to:

convert a first plurality of numbers in the floating-point format that are stored in a packed
register belonging to a first set of architectural registers to a second plurality of numbers in the
integer format; and

store the second plurality of numbers in a packed register belonging to a second set of

architectural registers.

21. The machine-readable medium of claim 20 wherein the instructions further comprise
instructions causing the machine to round each of the second plurality of numbers according to a

rounding mode field of a conversion instruction.
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22. The machine-readable medium of claim 21, wherein the rounding mode field indicates a

truncate rounding mode.

23. The machine-readable medium of claim 20, wherein the first set of architectural registers

comprises eight 128-bit packed floating-point registers.

24, The machine-readable medium of claim 23, wherein the first plurality is two and wherein

the second plurality is two.

25. The machine-readable medium of claim 23, wherein the second set of architectural

registers comprises eight 64-bit packed integer registers.
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