;e3e(L6T("25 OCT 2002 _... CONVERSI ON.BETVEEN FLOATI NG PO NT DATA AND
SCALAR DATA | N DI FFERENT ARCHI TECTURAL REG STERS AND MEMORY FI ELD OF 5T3¢% 2002
JNVENTION 5 The present | ntion relates generally to the parallel

mani pul ati on of NWWW particularly, to the parallel conversion of
data between d%t\\ “ In different architectural registers. BACKGROUND
OF THE | NVENTI O«bm6ct ypi cal conputer systens, processors ay/ﬂ#////

i npl enented to operate on val ues represented by a | arge nunber MW%W”MW
exanpl e, 32-bits, using instructions-tlhat produce one result. For £xa

the execution of an add instructiomw-l add together a first 32- blqé‘)o?/*al ue
and a second 32-bit value and store the result as a third 32-bit val ue.
Some applications, however, require 1 5 the mani pul ation of |arge anmounts
of data r §ONIERSIONBEEWEENTIOATING POINIT A TAJANDISALAR, DIATA

i nstance, are INDIFFERENERREGHTBOTURAA REGISTERBANRMBEMORNeCt i on of
smal |, independently controlled dots, or pixels. Position coordinates and
col or val ues corresponding to pixels are typically represented by fewer

than 32 bits. The processing of the |arge anounts of data 2 0 through a
B&j'ﬂ aR v {_l!“ -I‘L!l\ j.b:

pi pel i ne fe oBY. ppl i cations can greatly increase processing
time gnd sl OW% aphi cs rendering correspondi ngl y. Ml tinedia graphics
appl i eati ons i MBE RIESCIHUNVERHOROteatepigengrally o she Pazliel meanipyetien oft

conmput er supported cooperatiqgn (CSC), t i mensi onal . (2D), graphics,

hr Be- i rahE Sk MBS CpF s o THeabRreh U 0u ot bty con daa

conpr essi pn/ deconpy.essiqQn cqgnition algorithnms and audi o mani pul ati on.
As such, f"ﬁg‘aga&% %&gfﬁﬂ ta‘rﬁég?%%&?}pﬁg&%ﬁ%ns typically conprises still

i mages or video frames and sound data. The pixels of the still Z50¢C
T 2002 -2 image or video data are typically represented using 8- or 16-bit
dat a el engaixGaestyNIe cogntk datveENTIONPI cal |y represented using 8- or
16-bit data elenents. en processing nultinedia data conprising still

i mage® or videmn tyﬁaﬂx@ﬁm&asgm@g@tdwgsd& agd iraplarédtedehpepeased! y
over all of the pixels of the i mage or of the frame. As each of these
mul ti medi ealapplrepaisentes by pilergd yunrber ofbitsy farmexamglgod2-blssusiagd each
algorithmtypically uses a nunber of operations, nultinedia extensions used
t 0o execut msthstionasghappreduensnonesif.t1 Fol exdinple, dhe executdmn bf andatda whi |l e
processing two, four, or eight data sanples at a_ tine speeds u

conput at | BeEruckien wWilhrafttogather gafieat 32r7is ¥alue andra seapndve-tit Vgleieeam/ of

| ti medi li cati ons, . th licati havi im |
R R e R
data lfS? r m%ecxlﬁlsépg%&ah nvg}' lgp%eaa&%ruttn% Qg ﬂégg) ﬁ%@rrggesx{ttl:é e[% fé'v;e%qﬁgfﬁ‘?ﬁlzbgllﬁs?nem S

each™ o resents eparate va ore oget

exanpl e, - bty : i; s Di : nts, each
of whi ch %@ﬁe@gg%iggpz{é%rfg}t%mBZ-ﬁ t(a &sgl'%gélp% %@ge di?ﬁ)g ,h]etaﬁlg eﬁg‘rai or art
Processor fmRg@®4s decdiretibH S RSl fiadeperac e ynfralle@W s, digpikarh el ement in
t hese packed " data types in parallel. For exanple, a packed add instruction
adds t ogePbsitiogodgordfroned agd daler ehlererbsrebpomtingf for sixeankeastpitally and a
second packed data. Thus, if a multinedia algorithmrequires a 2 0 | oop
cont ai ni ngefreventegdryafevoarsthahad? it The ppecdsomgeef the largeaameuntsndfedatef dat a
elements, it is desirable to pack the data and performthese operations in
par ali®| thriowghpapkeslingateguinest by grapitiss appliediensneamgieatlyiaseape ocessor s
can nore efficiently process multinedi a applications, Therefore, in order
to reducePrPRessingetimeAnd elovy grapfhisp Aeedering gerrepgondingly.

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

25 processing, video compression/decompression, recognition algorithms and
audio manipulation. As such, the data of multimedia applications typically

comprises still images or video frames and sound data. The pixels of the still



2 5 in nultinmedia applications, parallel processing is used, wherein a
single instruction operates on nultiple elements of data; this procgsd0T<002
.t-ypi cally referred to as Single Instruction Miultiple Data (SI M)

processi ng. Typically, , 25 0 CT 2002 -3 integer instructions operate
on individual integer data elements (A + B). The SIMD instructions,
however, operate on integer data arrays (All...n] + B[l...n]), where nis

t he nunber of elenents in the array. 'In%/pi cal prior art processing systens,
in rendering 2D i mages, used only 5 i'meger data in the geonetry and

rasterization phases because the smaller range of coordi nate val ues did not
necessitate the precision of floating point arithnmetic. Therefore, the
graphi cs data was rendered using SIMD processing of integer data, meaning
that no comege st videwmdataypiectyipligallyerppiresshtéd tmirenst dtrelé-bitedren dansnts, and

t he floati&g Roi nt format. 1 0 However, in rendering 3D inmages, the data
mani pul at fvhdhpeptind rdada intypinelly cepnesenteghimdng &f or L§Hiit dhtayelparehts. ned

usi ng flog\}i ng point arithnmetic because of the | arge range of val ues that
define t h&VR&IbPEPFrasE & PrEEmATHA Fata FomRAsingestidl HBrEeDAT Veden Fraaned, t hi n
this range to accurately.place the rendered i pages. Because the col or
conmponent ! ?W??PGF?%?IXQB%EB p(fﬁgorp RERRas éft(é‘ffraﬁl?bﬁgt}\‘/ﬁ pweﬁen@?the
correspondin osi.tion data jt IS cppvenient.to.perfqrm.operatjopns on the
rast on zatone B e A st SR oREl SR AR RORS SpicAL gne
arithneti 0 1 p ess| the. | nates of t
conposite n? ?ggggpeaggog}r%%dghdt%a ?‘h%glr)ggr%%lr&%é{a?g{]g%elgr%ﬁiu ?i/eruhﬁang t he

f1oating pokhlidl WRkltirhdia Wkkédfibns BEA 61kt RPRNEM e Splr At b1t 8-

provided to the rasterization circuitry using e I nteger “formt.

Ther ef or ebitf IebeObeevERTRBICdatHMleUsReising BRELioUrNBr B LS sERPIE t ed
fromthe floating point format to the integer format in order to rénder an

i mage di spt ayimdBpegdobperamputativnarihat eghibitpd sagsaatlslisai ng SI MD
processing of 3D 2 S graphic data is that, while parallel processing my be
perf drred on f Todtiprpvecfficietaynf mindtimediecappbicatodns ae welbasiathepoi nt dat a
to integer data for rasterization creates a bottleneck in the processing

pi pel i ne BppHeatonsnayinggimilar characteristics, prior art processors use packed

data formats. A packed data format is one in which a certain number of fixed
sized data elements, each of which represents a separate value, are stored
together. For example, a 64-bit register may be broken into two 32-bit

15 elements, each of which represents a separate 32-bit value. In addition, these
prior art processors provide instructions for separately manipulating each
element in these packed data types in parallel. For example, a packed add
instruction adds together corresponding data elements from a first packed
data and a second packed data. Thus, if a multimedia algorithm requires a

20 loop containing five operations that must be performed on a large number of
data elements, it is desirable to pack the data and perform these operations in
parallel using packed data instructions. In this manner, these processors can
more efficiently process multimedia applications.

Therefore, in order to reduce the time required for graphics rendering

25 in multimedia applications, parallel processing is used, wherein a single

instruction operates on multiple elements of data; this process is typically

referred to as Single Instruction Multiple Data (SIMD) processing. Typically,



v 25 OCT 2002 -4 art algorithns perform conversions sequentially. A[Priﬁr
art>nmet hod of dealing with this problemduplicates the floating poi&@ CT 2002
execution resources of the processor. This duplication of resources allows
‘for two floating point pipelines executing at the sane tinme wherein the
floating point data of each 5 branch of the pipeline can be sequentially
converted to integer format at the sane tine. Wiile the delay due to the
conversi on execution bottleneck may be reduced with the use of the

addi tional hardware, the additional hatdware increases the cost and size of
the systemwhile increasing the overall conplexity of the system 10 2
50 CT 2002 -s SUWARY OF THE | NVENTI ON A nmet hod and apparatus for
converting a nunber between a floating point format and an integer format
are descrirseger sihetiongrapesaisr enl ingividheal mteggsr ddtaretameints Ared) stBre of a
first set of architectural registers in a scalar s format. At |east one of

t he nunbeSﬁ\’lﬂﬂl‘tsﬁ%lCé@ﬁﬁalﬁo‘h’éi’%toﬁ%atédﬁ\ﬂé\*?&ﬁ‘f ddaarmarer [ Li-mlth8[¥10ht i ng

point format. The nunber in the floating point format is placed i.n a
regi ster eze JelSothg BEnbst OEFEW?I&?H& &Y -sters in a packed format.

rom tho. acconBSRG Al RS MIEG P BIEHANdEN AT o8 AR SErEpt: BRoa

fromthe acco

appended ﬁ'lt@é&sdﬁttlai% Q! ée%%gtﬂ/ W rasterization phases because the smaller

range of coordinate values did not necessitate the precision of floating point
arithmetic. Therefore, the graphics data was rendered using SIMD processing
of integer data, meaning that no conversion was typically required between
the integer format and the floating point format.

10 However, in rendering 3D images, the data manipulations performed
for the geometry phase are typically performed using floating point arithmetic
because of the large range of values that define the coordinate space and
because of the precision required within this range to accurately place the
rendered images. Because the color component data is often stored and

15 manipulated along with the corresponding position data it is convenient to
perform operations on the rasterization data comprising color component
data using floating point arithmetic. Upon completion of processing, the
coordinates of the composited images are provided to the rasterization
circuitry using the floating point format. In contrast, the color component

20 data is provided to the rasterization circuitry using the integer format.
Therefore, the color component data used to render the image is converted
from the floating point format to the integer format in order to render an
image display.

The problem in the prior art processors using SIMD processing of 3D

25 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



2 5 OCT 2002 -6 BRI EF DESCRI PTI ON OF THE DRAW NGS The present invenihgﬁ iﬁ
illostrated by way of exanple and not limitation in the figures of 12002
,acconpanying drawi ngs, in which like references indicate simlar elenents
and in which: 5 Figure 1 is a conputer system of one enbodi nent. Figure 2
is a processor of one enbodinment. Figure 3 is a dual data pipeline of one
enbodi nent. Figure 4 is a cache architecture of a processor of one

enbodi ment. Figure 5 is a binary floating-point format used by a 128-bit
multinmedia 1 0 extension registers gffbne enbodi nent. Figure 6 shows a
packed instruction operating on a pair of operands. Figure 7 shows a scal ar
instruction operating on a least significant pair of the two operands.
Figure 8 shows a packed shuffle operation according to a SHUFPS 1 5

i nstruct i ant adgontiene peoftirme nonvEisgrnsesdueintiatlya Aqoiist ert fietleodine
correspondi ng conversion instructions of one enbodinent. Figure 10 is a

f | owchar tdéading wnthethis pyoblemardigplidatesthe Sealing podntexedudion reackswsfdfoat i ng
poi nt format according to a CVTSI2SS instructjion of one 2 0 enbodi ment.

Fi gure 11thesprpcessowichiis dunlicaginnedl jesgueces aisays fardiwa fleatirgdainbat i ng
point format .to a scal ar

i nstruct i BIWSHGES Sﬁ%c%tmﬁ)ag ré\r?;mgic%ﬁ‘treg‘!vg‘gr ti’g tgéqf‘squ%\g‘:gasgg‘ft(%r\ggg \2?21!;1'“ ng a
e | SRRkt L RS, S LB B RREED L0Rt! 0B O
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.

10



250cT2002 Figure 13 is a flowhart for converting a nunber froma packed
floating point format to a packed integer-format according to CVTPS%fﬂnggmz
LCVTTPS2PI instructions of one enbodinent. Figure 14 is a flowhart for a
second variant instruction used for 5 converting a nunber froma packed
floating point format to a packed integer format according to a CVIPS2PW
instruction of one enbodinent. Figure 15 is a flowhart for a third vari ant
used for converting a nunber froma packed floating point format to a
packed integer format according to a'éVTPSZPB i nstruction of one
enbodinent. 1 O Figure 16 is a flowhart for a lighting conputation in 3D
geonetry in which the instructions of one enbodi nent are used. Figure 17 is
a flowhart for a parallel conversion of nultiple color values froma
singl e pr2d MVARY|QE:THE BNVENTINat to a specific integer format of one
enbodinent. 1 5 Figure 18 is a data flow di agramof a parallel conversion
of graphic col frmghted asrmpraretaPSEmonvesting ¢t nwmbgt befweembdinating .
Figure 19 is data fl ow diagram of a parall el copversion of graphic color

data usi ngORt COFPIL PR iATsITHEESY ORMEY 23h Slearmibrd mbrHMbeisarestorsd it Hedat a
ot 0 821 £ OrNeL 300, O LB . 2,0, SRLSL 031,18 10 2
5 format. At least one of the numbers in the scalar format is converted to a
number in the floating point format. The number in the floating point
format is placed in a register of a second set of architectural registers in a
packed format.
Other features and advantages of the present invention will be
10 apparent from the accompanying drawings and from the detailed description

and appended claims that follow below.



_g_ DETAI LED DESCRI PTI ON A net hod and-apparatus for perform ng parall el
conversion of 3D graphics data is described, wherein the graphics dadd G002
.converted in parallel between different sets of architectural registers for
processing. As such, scalar 5 integer data or nmenory data may be converted
to a packed floating point format in parallel using the instructions

provi ded herein. The packed floating point data is mani pul ated to provide
the graphic data used in 3D image rendering. Follow ng mani pul ation, the
packed fl oating point graphics data_aﬁe converted to a packed integer
format in parallel using the 1 O instructions described herein. The packed
integer data are used to render an image display. In the enbodi nents
described, data in one format in one architectural register is converted to
anot her fBREBF REGCRIZACIENN| QF SFIGEHORAWEN{ISect ural regi ster. There are
advant ages realized fromplacing a result of a conversion 1 5 in an
architectural Tbgipresentriaviestionhanllistratedenpmayl ocexdrople Phagiotg conver si on
results in an architectural register makes usage nodels that prefer
consunpt i Bittion meghefigureeslitie areomprry iagf drveings. irFarhiekdigsl e, in the
case of perform ng 3-di mensjonal operations ysing floating point single
stet mul t F§PEENGSS ng@?ﬁﬁ:}flmﬂﬁ’f §{eé?‘§n"ér?&‘dpg} f“g}lﬁli“ng rasterization using SIMD
20 r%gi sters, it \Qﬁgfld be inctonver{i entffor i nter.nmedi ate conversion results
to be>stored i N&HSG I 2 FAFPYET EeSHLR PH%EEQWQF&% results woul d be

i mredi ately regyj r i taki a nmenory access operation

t hat woul d pl aggl{rﬁgz ise;‘g\?lrﬁg&gégﬁf ?ﬁggiﬁeoé]ﬁé'{eerg'. If it is ever required to

ToVe 3 SOMVer SEflukOsH 4 I TREPbYbeliiAls GaNeBoBRgneast |y W th a STCRE 2

5 instruction. I'h addition, g conversion results in a register nake
the use of CcONppiEeis NehERChIPNSHTRE Dffal SP0CBERridt cHRIEMBYaIRBRE. | N
particular, in sone 250CT 2002 . g processor architectures, a
comput ati on opEtgaIrie(BlisCaabnwryffMirf??Bw fasmbbtifedabgout Z8bifmahemeger and
and the destination of the result. If an architectural register is the
dest ilrtat i extenaioni registersie omnebedbedboentent s, a conversi on operation can
have nmenory as_an operand source. 5 Specifically, a nmethod and apparatus
for converti ngFiglite behowsn pagkedkiastruriien eppratisrnr paisefopgransisat f or mat
and a scal ar f?[‘ mat are described. In gne enbodi nent, the packed single
preci si on fl oaf1&HFeporReWs Gr SrR{RIGRSHUSHEN PPSERING AN ta3st 1Nt PA4T st er s
of a set o; 128-bit architectural registers, while the scalar format data
are placed M ORI i tectural 1 0 registers or memory. Furthernore, a
met hod and app i i preci si on
fl oati ng point ﬂ@% glﬁé\‘ﬁ’g% %?éi}q‘.‘ﬁ?%% ??%t%?&égg%gog%mgfsl n one
enbodi sreninstPaskRd 08 ol Em$iodgh@nkr eci sion floating point format data are
placed in architectural registers of a set of 128-bit architectural
regi sters, whi Fegp@ckeHoRd2-Ddidgistet e antl aothispdatingeendersiqal aced in
architectural registers of a set of 64-bit architectural registers. In
ot her enbouitmestians af ohetecbodahenesi sters may be of different sizes. For
exanpl e, 128-bit registers may be used instead of 64-bit registers.
Mor eover, a nmefigrereatdisapfovatheast for carsienting henembee fximm $qadan fgemiadns in
the parallel conversion of multiple color conponent data, or values, from
packed si fyRePFERgdfleating pRINY (9amat GpRiding to el TBR IR IRENCHRRGY ST or nat
are %re]@cri bed. ,| nt ended advant ages of the parallel conversion instructions
can indl uBBHUHIRRS processing time over sequential conversion techniques,
a decreased nu r_ ok inst ' ' : o [ f_ar J .S no
Fols 1L SO Ty Sataflb 3TRRLRT Al BRKETAOR, O

requi renent fofr Ing poin ion resour
applicati QRint format to a scalar format according to CVTSS2SI and CVTTSS2SI
instructions of one embodiment.
Figure 12 is a flowchart for converting a number from a packed integer
25 format to a packed floating point format according to a CVTPI2PS instruction

of one embodiment.



2 5 processing efficiency. Figure 1 is a conputer system 100 of one

enbodi nent. The conputer system 100 is an-exanple of one type of coriuli@&r200?
Systemthat can be used 2 5 CCT 2002 - to wth enbodi nents of the
present invention. O her types of conputer systens, not shown, that are
configured differently, could also be used with enbodi nents of the present
i nvention. The conputer system 100 conprises a bus 101, or other

comuni cati ons hardware and software, for 5 comrunicating information, and
a processor 109 coupled to the bus 16% for processing information. The
processor 109 represents a central processing unit (CPU) having any type of
architecture, including conplex instruction set conputing (Cl SC
architecture or reduced instruction set conmputing (RISC) architecture. The
processor 109 Figyrei Beis aflossabant fayncomviertin@@, nembegiminera padked flantir), a
cache 160, a decoder 165, and an internal bus 170. The term"registers" is
used her eppintdormpeto apadkeddntagsarfarpabaessdingtofdddPI2BEandons that are
used as part_of macro-instructions tqQ identify operands (also referred to
as ar chi t ectir2blogetustions afrong REIQBMERL the registers referred to

herein are those that are_.visible from the outside of .the processor (from
a progranmers ‘@“ﬁeﬁsﬁe{tlﬂio\v/vec)h.ar%l%?c,ongh%arr‘%i IDPEMSHERMSEABRE herein can

i 11 oPent CRuaT g £ oSBT ! § BBy BRERRSR it ThaB s BURE e 1

al 1 oot edrial 6b: ARl & 81y ¥PLRV SeliBhalon BRBRE Gy SaRLAR, | ons of

dedi cated and dynam c all ocated physical registers, etc. The register

file 150 may cef@ideSH & £BWRareHrsd fird Magiadt 6P EShigtiApld i pl e
architectural registers or may conprise multiple register files, each
conpri si ngufberifpb@ ababkddElodtiah peat $oenst ton@aeWM@geﬁw 100
further conprises a random access nenory (RAM or other dynam c storage
devi ce i naomirdimge mayC VIPSEBBpnstturtiohtd dnesedbbdimenst ori ng i nf or mati on
and instructions to be executed by the 2 5 processor 109. The nmain nmenory
104 ddy be use8igune ¥ ira ﬂgV\tCéwpbt)‘lCar%/hgb?malmersp@ahonheﬁm geemesyi it e

i nformation durjng execution_ of instruyctions by processor 109. The conputer
syst em 10®/high the inssueionsef gneegpbedirpent ateqiesesno2 - 11 nenory (ROM) 1086,

h i c. devi ce, | ed he bus 101 for. ' [
nf or mat f on_ andiEHeL ThE GRS Fifoe BRBdr Y Ston &I alinte oIS Gevi ce
i nfor mat | GERT GHSYHBT (9 BPETY 5Pége de
ar've, 1 s AR ERNE e et R G s PR B SASTRCRT DS C' Coupl ea

via the bﬁémjrgtlof 8né e%ﬁ&iﬁb{cixgtg"i ce 121 for displaying information to a
e

user of t conputer system . Display device 121 can include a frane
buffars speci aFiged O BRILER flIEWIERERIMASTVd peRlleRcomdIonm 6PYrapule ( CRT),
and a flat panel display, but the invention is not so limted. An

al phanunmecoridyiatustiey ac€VIZS2PI medtnakitivn ef pharemesdienertd ot her keys, may 1
O be coupled to the bus 101 for conmunicating informati on and command

sel ections to Fhguner Btisssdrtalflow diagramrofta peradlel geryersivpuef gephie is a
cursor control 123 conprising a nouse, a trackball, a pen, a touch screen,
or cursor caloredathgisirgpsCVIPREMniREEelioy odionecemdadiment nat i on and
command sel ections to the progessqr 109, and f controlling cursor
moverent on t hE1EEE 2 i S5 Lo MR IEBA™ SR PRTRS CORVRISETLPL B Rbodi ment

Cocom a1 g usin€ G TER R R SenR, ofotr aBlioRurBheSoai 1y posi ti ons

in a plane, but the invention is not so limted.



I n one enbodi nent, a hard copy device 124 is coupled to the bus 101 2 0 and
is Used for printing instructions, data, and other information on a ne0CLH?
such as paper, film or simlar types of nmedia. Additionally, the conputer
system 100 can be coupled to a device for sound recordi ng and pl ayback 125.
The sound recordi ng may be acconplished using an audio digitizer coupled to
a m crophone, and the sound pl ayback may be 2 5 acconplished using a
speaker which is coupled to a digital to analog (D) A) converter for playing
back the digitized sounds, but the Lﬂv%n;ion is not so limted. 250CT
2002 -12 The computer system 100 can function as a termnal in a conputer
networ k, wherein the conputer system 100 is a conputer subsystemof a

conput er ,ﬁ%mmmmi on is not so limted. The conputer system
100 may f ' ' o digitizing device 126. The video digitizing
5 device 126 c e I [ i es that can bhe tr mtted to
ot her corrputer%g#s?%gl‘r‘i@ %B%%P@gp%tglsﬁﬁgpgg%ﬁﬁﬁgg Bf&g rqgnvleﬁ$8ﬂe0f2‘;’r}rt%odi ment ,

h : j fyl | W3 i i ch i
conpat | bt S AP Te elf R AR HRRRL e ARehIN AR 6 OIS BB oo &
used by eXesfb&9 d'i‘Pf@x{e?ﬂ?@Qﬁmﬁité&ﬁ?al%gﬁé?@rs%Ptplrblcgslgifr\%f péggﬁilﬁ,gsgcﬁlar

manuf actured by Intel Corporation of Santa O ara, ni a. I n one
enbodi Srentintelbhe datP6 £ aEdhoAPatlRRY B cathertdiet PR Paaké P ADaBHPRYHEd in the
Intel Architecture (1 ATM, "as defined by Intel Corporation of Santa d ara,
Cal i f or ni dorrSeeirMparaife] acsisg ahs instotiefiorBapeoBded hereinunEhd parled ol umre 2,
1992 and 1993, available fromliIntel of Santa Clara, California. As a 1 5
resul t, tHwapingcpeisddatd® vamipulapet to pxdeiderthe g8sphivdidtaorsed 87 3dper at i ons
in addition to the operations of the invention. Alternative enbodi ments of
t he i nventiegerrgpderiagr prliawingeanipelatiosn thepacked doatingt peist igorpkiss s.
The executjon unit 130 ('is used fgr, execgti n% I nstrtfcﬁ]i ons received by the
processor SBH® arg FORYRITEG & aRAGkedJgtRERr grMALHT Betalishasmgniheal 1y 2 o

i mpl nted .in general purpose.processolrs, .the execution unjt 130

" ecognp zed ST fictrstien Bergirti BHEREkFU R RERT S 10 595! SHETFF Afng
operation data formats. In one enbodi nent, the packed

i nstructi grﬁggg?ﬂﬁélggbonpri ses instructions for supporting pack operations,
unpack oper ati qRshe RAEKESinREIGLs QRBEABEANGa taPRCHEH FSRI RCOnO REHRT ARSI
packed 2 5 multiply operations, packed shift operations, packed conpare
oper at i ongegi¥tdrt is ployvattddopesaithen Sormal dndlptacdbin’ asstheparétitanssal

popul ati on count operations, and a set of packed |ogical operations, but

t he i nventregistdars Tindresoe advantages realized from placing a result of a conversion

15 in an architectural register rather than in a memory location. Placing
conversion results in an architectural register makes usage models that prefer
consumption of a register result are more efficient . For example, in the case
of performing 3-dimensional operations using floating point single stet
multiple data (SIMD) registers and performing rasterization using SIMD

20 registers, it would be inconvenient for intermediate conversion results to be
stored in memory. This is because the conversion results would be
immediately required from memory, necessitating a memory access operation
that would place the results back in a register. If it is ever required to move a
conversion result to memory, that can be done easily with a STORE

25 instruction.

In addition, placing conversion results in a register make the use of

conversion instructions more flexible in some systems. In particular, in some



250CT2002 s -13 Iimted. The set of packed |ogical operations g%ﬁﬁﬁﬁwz
enbddi nent conprise packed AND, packed ANDNOT, packed OR, and packe 25
but the invention is not so Iimted. \Wile one enbodi nent is described
"wher ei n the packed instruction set 140 includes these instructions,
alternative 5 enbodi nents may conprise a subset or a super-set of these
instructions. These instructions provide for performance of the operations
required by many of the algorithnms used in nultinmedia applications that use
packed data. Thus, these algorithns“né§'be witten to pack the necessary
data and performthe necessary operations on the packed data, w thout
requiring the 1 0 packed data to be unpacked in order to performone or
nore operations on one data elenent at a time. Therefore, these algorithns
provi de pprdcessarnuchitdotames e sompartation @peaationyeaenal have poseopy esessor s
that do not support the packed data operations required by certain

nul ti medi ROt §6p1IsmRS. orFpppesaadpied the dastmatmrn@ﬂﬁae rsydy i Hram requi res an
operation that cannot be | performed on packed data, the prior art
program #FhESRiuTastegiger I‘ﬁegb?r 8%%*#&“!%@?1996&? dasskibesh sambodimendata,
performthe operation an the Eg?arate el enents indiyvidually, and then pack

the resul (VY HPONCRHRKEE TS [IRYE FAFTPEY ARG DRRIREE §AWCRssi ng. The

executi on unit .1.57.coupl_ ed t.he register file 150 . using an 2 0

i nt erﬁal bus 1%%%9%%1}?5‘91%5?&?& 1(21 Pfleapf{fdg%ruép 5§8ﬂ¥§rtg‘%fl8¢aa WS on the
processor 10 4 tQrd I i Qk-nat I i . nore, the
execut | onpunl td %gﬁ:l Iglrééof%%*@(?%?%%laﬂ)@géﬁ% %%Qlé&ng %gﬁgggﬁgg . The cache
160 is usgescibedachcosabmbiinmeat! il pAdianadiggler HitisfH ﬂ%éaﬂglﬁom he mai n
menory 104. The decoder 165 is used for decoding instructions ‘received by
the 2 5 pforeegshita h8dpldted iaciithbctardnapBtaddf il ot of Qde-tenarchiteeiurhs. | n
response to these control signals and m crocode entry points, the execution
unit 130 peyistersysvhiltetlepgpradpr foatreit ciada ate phsed koB2eiaapditdtectdrain add
instruction is  250CT2002 _-14 received, the decoder 165 causes execution
uni t 1180 regigters or marhery. efurthedmanae, 2 inethoffargl spparades fomeomyartingn i s
recei ved, the decoder 165 causes the execution unit 130 to performthe
requi red datheiveen Pagies sipglg Brackior loating qivint farmatand spackemt r uct i ons

gfy 11t holee BB & FRECr st Ohe %@L@rﬁim*fi’\?@%ﬁe@%%?ﬁ%%i&sﬁ%oa ot
rogister PRAEE RalfpdyrPIpRaRtait S pafats st RReRGEHEER pr 41" anc

Stal us | NEQY POl o SRR AR Gpis ol GPRM BALR PASKEN 1 L TURNafALE gand 1 0

packed floating poin at a. ne eénbodi frent, e regi _ may
conprise BR¥HYn a@eHisd@lfal r@@i@iér@'of%%t%‘f B Abit ﬁﬁ‘:ﬁ'it%&&rrﬁli repisbay. Innt eger

regi sters, scalar floating point registers, packed single precision
floating pthesteniesdisieits, aehitketthrahtasimersragy deesfsdiffepentagizénisForct i on
pointer register coupled to the internal bus 170, but the invention is not
so | i nit edxathpleydés-bitregitiedt maptbe uinsl wetdagy ofi Gl-biaegistays s Mowoyen a32- bi t
regi sters, the packed single precision floating point registers are 128-bit
regi st er smeiRadiane pRRXEILT folyeing dip srufessignangirustipns agithe drgallgiut t he
invention i s nof so Iirii,t?d. :
conversion of multiple color component data, or values, from packed single
20 precision floating point format to packed integer format are described.
Intended advantages of the parallel conversion instructions can include
reduced processing time over sequential conversion techniques, a decreased
number of instructions in the processing of graphics data, no requirement for
duplicated floating point execution resources, and higher application
25 processing efficiency.
Figure 1 is a computer system 100 of one embodiment. The computer

system 100 is an example of one type of computer system that can be used



I n one enbodi nent, the packed integer ‘registers are aliased onto the sane
menory space as the scalar floating point registers. Separate regi stey §CRM
are used for the packed floating point data. In using registers of register
file 150, the processor 109, at any given tinme, nust treat the registers as
bei ng either stack referenced floating point registers or non-stack
referenced packed integer registers. In this enbodinent, a nmechanismis
included to allow the processor 109 tg switch between operating on

regi sters as stack referenced 2 5 tLp,ang poi nt registers and non-stack
referenced packed data registers. In another such enbodi nent, the processor
109 may sinmul taneously operate on registers as non-stack referenced
floating point and packed data registers, 2 5 OCT 2002 -15 Furthernore,

in an al t Withaeabegiypanifent the peasens imeentiagi. sPsher timesef esputesr st ori ng

scal ar integer data. Alternative epbodi nments y contain different sets of
regi st er SSYSEIRS eRtghawn aihas are cAg 18\%@%&(’2&%?%%@%&9 d¥nperivsed s&lihr at e

Al t o rE GORHB BRI ey SR PRVRRPT.  TF CORRP s Syt apd, Oomeiiofhor
tori I t i nf ti d d _set. of i st , h
capabl & of CpaPtng? Rt et s B R B ahea 11 cating

i nt sdat : i St bh ' j (Mopell dt
el ude 10T A THEr o “orparoro At P Eheir 1D b Bt e I FITRETC, <7

but the ipmeebdiAp ihfort@itici ThEigreless50N08¥apRbENts! 4 cigalt @&ﬁﬁgt, the
integer registers may be inplenented to store 32 bits, while othe

regi st er sunitd CPTP| leawdngechyt gq:ﬁet of erchi@ctiirt Sinciidihgi doraplexliz8trdictisnaee used
for storing floating point data while only 64 are used for packed data. In
an al t er nedrepeatingdiGiBq) archieectuteege redegdsinetraiction seacompartireg (RIST)or 64
bits. Figure 2 is a processor 109 of one enbodi nent. The processor 109
conpr i sesarghitgstyrat divesprocasior IWGxomhprisescarpexerution wnisdédsaregBeerifilean
external bus 204, wherein the external bus 204 is _used to communicate with
ot hett Gsyst@nadeashe d60, aHecoder 16h ardameiniaimal bus 138r flhentermygegistarsast i ons
when 2 0 re%ﬁsted by r%’?e Lﬁ cache 206 or the processor core, 208.

Fur t her moleed DRESTD (R TRIGE 4P 1158 ONGRPAr IR CEHop ISET 28R dOTRIRNS LAt 21dEsed a

uni 160 L2, B 2081500, ARER3hef 15,2100, THE, barsARR 200 ey be of

t he chip, ractron e e core processor 208,

but the | aveieteRal fedi@brsiO ThidthbLordBeileZeg RIS refl & 1ORBr&ARRE! Ment
conprises 512 Kbytes,” but “t he

those that are visible from the outside of the processor (from a programmers
15 perspective). However, the registers described herein can be implemented by
circuitry within a processor using any number of different techniques, such as
dedicated physical registers, dynamically allocated physical registers using
register renaming, combinations of dedicated and dynamically allocated
physical registers, etc. The register file 150 may comprise a single register file
20 comprising multiple architectural registers or may comprise multiple register
files, each comprising multiple architectural registers.
The computer system 100 further comprises a random access memory
(RAM) or other dynamic storage device in main memory 104 coupled to the
bus 101 for storing information and instructions to be executed by the
25 processor 109. The main memory 104 may be used for storing temporary
variables or other intermediate information during execution of instructions

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



2 5 invention is not so limted. The L2 cache 206 services misses ogsiggrh&
data 220 and code 222 caches, and nmay issue requests to the bus inter e
unit 202. 25 0CT 2002 -16 The bus interface unit 202 of one enbodi nent
is coupled to the processor core 208 using an L1 data cache 220 and an L1
code cache 222, each of which are 16 Kbytes, but the invention is not so
limted. The L1 caches 220222 are first |evel caches that can provi de data
in one clock cycle on a cache S hit. A _cache hit occurs when the requested
data is already in the cache; otherm[éé'a cache m ss occurs, and the data
is brought in frommin nmenory or the L2, or second |level, cache 206. The
L1 data cache 220 services data | oad and store requests issued by the |oad

and store executiﬁ n'@gs; when a m ss occurs, the L1 data cache 220
forwards rBEEELY S {5@%}%‘1 '\ C&E@ﬁétai’éétm’ﬁg@ evige, goppiRd EnBmebpe 0k i ces
instruction fetch reguests,.issued. by the instruction prefefcher. The
processor Sé%rﬁﬁgfgaélccgﬁﬁppgggnl o ’éﬁcﬁ’@ﬁ?infg’réhl? &Pcﬁﬁggf'ﬂﬁé-ti on fetch;
branch predictipn; i o r i ns: y.decodi ng i nstructi ons
into reguced iHgﬁﬁﬁggﬁgﬁggggé%%ﬁgzt#ﬁ%‘%£ﬁ§i§§?%§fP PF8R§E3% B%@ ? ops; 1

5 mappi ng irf1Q qﬁﬁg to B Gl t ﬁgﬁH ' n
reti remnt&g{egaéggb- opfsgigl he 3% gggggt%{rstocore %Z@?nngvh?&ﬁ tg%ggﬁgﬁofoozw’
266, and 3Ry BRGBNBIdZviaMHR)busb] fedispIBntERRe 191 26E dRP1dyifkt ed. The
processor 18% suppgrtsvout-o#§order exe Jﬁ?on, ahere?% %ﬁbgg- ps are
execut ed hafigthabrd Rea Badbh ess compube gys@@halooatlbgﬁlatwaevklaqzwc@lﬁr in
whi ch they entered the 2 0 execution unit. An asynchronous processor

i nterrupt ivduded fraAf B) ffemispedidlized geapieiss renderningtievigsiaststhadd ray
prioritizes and forwards the requests to the processor core 208 for
execut i on.tutraéCBddcawd arflasfpaned displani Rehthe nventigaviameddodipged cahar
processor ilt around two general - pur pose i nteger pipelines and a

pi pel i ned a&ngjla%iwrﬁsgcsnaat FEVIgS; %%Zfdﬂaé\ﬂil% alphargipers sovd pthesx@yst Bmayno

i nteger instructions sinultanepusly. The processor can issue two
| nst rudt i drscqpled R Bedte HIcier cdhmymnictis imiomation ARG &omHIeRt on i s
not so lin . S 0.C 0 - AT i aure is.a dugl data pipeline 300
of one e 8%’%%8%? ;3&%@0%%% Ydr 1ren Oﬁ%‘gj ﬁfg\‘;eOfg‘ﬁsgrﬁPB'éfﬁﬁ‘é’CSﬂS %Pgsqrhan t wo
pi pel i nes. f1i i:cal, pi [ e ' and the
second | oépggﬁ 1 é?gzt’f‘{ﬁ?g éf[ grarlci,\mglat(g %’ igra? Egglgi-eﬁp %12, %g%ﬁé}b%%ngpcﬁhégﬁg%%odi ng
of any gi \Bredtids! keled FoiNcontliEicagXE divectiotsinfueinates M cRarked, and if
possi bl e, they are i ssued such that 'the first one executes in the U pipe
302 and t beleseioandoithe torecdsspt 169 38dd fbf controHirpptupes shdlement paithet wo
instructions, the next instruction is issued to the U pipe 302 and no
i nstrluét i slisplayidaviend12lo The inppt gevizef oneeembadimentt hamsvexegrges dfn t he
two pipes 302-304, their behavior is the same as if_1 0 they were executed
sequent i alffsedomnén sweceescr fipst@xds, Hrehaxiscand a seerrst pxissox fievdon Whighng
stages: instruction prefetch 310, .jnstructiqn feg&% glz, i nstruction
decodi ng, RS HiF R dRVaeRIC AP PLREORs 4N GeRBNSt PBh the M vesiionaiid r ead
and executrio(%n 31118. nd wit back 320. Instruction decode | ogic decodes,
schedul es,"%4And ggﬁas the instructions at a rate of up totw 1 5
instructions p 0, Ei e J I t f

qh cﬁ'{r%é;rgbfgé(ﬁhgntra |3 ge) co;bjsae@icg 3618 %&Ig'leﬁecg HE %utgalgog

processor of one e I nment. he proc or conpri ses a twel ve-s

pi pel1 ped AL taet wr;pmmiihg%s@uaﬂ@ﬁgrma, B O d oM F6RR StioR Wt dier mor e, the
processor of one enbodi ment "conprises three parallel decoders, five

execut i on faedfiin Guéh a3 pupRRctilhpbgeimRadtypdsi & meBER) A4QZtivhilly, The entri es,
four 32-byte wite buffers 404, a set of 32-bit
computer system 100 can be coupled to a device for sound recording and
playback 125. The sound recording may be accomplished using an audio
digitizer coupled to a microphone, and the sound playback may be
25 accomplished using a speaker which is coupled to a digital to analog (D/A)

converter for playing back the digitized sounds, but the invention is not so

limited.



scal ar registers 414, a set of eight 64-bit registers 410, a set of eight
128-bit multinedia extension registers 412, and a return stack buff g J((RIB)]
,406. The BTB 402 holds a history of branches that were m spredicted during
the execution of an application. It stores the address of the m spredicted
branch 2 5 instruction, the branch target address, and the result of the

m spredi ction. When the sane instructions show up again, the branch
prediction unit uses this information to predict the outcone of the branch.
The RSB 406 may 2 5 0 C T 2002 - 18l2%orrectly predict return addresses
for procedures that are called fromdifferent |ocations in succession. As
previously discussed herein, the processor conprises two execution

pi pelines, the U pipe 302 and the V-pi pe 304. These pi pelines 302-304
operate 5 in pdhaldoshpated syatens 190 ajan faimcevQcdstd ik it déond@tel WO
instructions every clock cycle. The U pipe 302 and the V-pipe 304 can wite
to any of netwotlowhemein thdadingrgengysteriulthisraroomputeresieidystinmefitt support s
pi pelining, or overlapping operations. In pipelining, the processor breaks
i nstruct i 6AMPHERUREHYOTkatbett HhRtingRRtien 4 6wt sonpritedn gl iecomputer spiem
execution @nd 1.0 write?a K. Aaéa esult, the processor_ can_execute

mul tiple iASMAEfusher mclydeaifgo digkizing drvics Rodi Thevidro digidzingon

st age.. For, exanpl e ne instruction could be in the prefetch stage, one in
decods oREVIH RedamHOHSeh I CTRITE N i9RT (oBBeIhakgep PevF SRR e Soussed
herein, p | el essl rein a.sin iLnstruction operates on

mul tiple §ngér¥ecﬁotrr§19g?e9ds§/§gquss\é’§ﬁ)§eg ?’Oepéer F%&%F era%etivcngi ngl e I nstruction
Mul ti pl e Data I\MD) : i 4+ &y i one

enbodi nent al | gl\?voygrenﬁg‘?g’lrﬁﬁt’ gﬁ%?gggsﬁgr % (?)I) %ﬁéﬁﬁé@i&%ﬁtiggi ngl e

i nstruct i gistARGIGH &% WRidAListdophiSa te 18 WBK Shexsdaindt / oFisy Rkaceasn gnrefits
applications that performthe sane operation repetitively on contiguous

bl ocks of tigatmstriagionsetsihisedtgi éxidtifg ahgospidtessord Bacl4sthe Fea@iush®rs 410
may be mapped or aliased onto the registers 414, but the invention is not
so | il t epro@ssensseanhéacbdred by detgl SIerpsratith af Santap@tdrapCalifeenia.
floating-point state, there is no new state. \WWen the 64bit registers 410
are ali asB"élugntroom@nﬁzocbmergcmeaprq@gwt H%ssupports allabecpsiraonhe al i ased

o0 ST LIRS, S TR R L R ot AR el Ap CRla s 55
(e sarm, S 8hyh . TB0LL 2 PRAL B B LLOR TG AOLY BRI, E9URLY
STt oA R 190853 s Dyl dRShenLnd e bl e1BORGE U0 0

and 4- hj - i F sl i i f: .one
ebod rent e e P B B e A b Pl APkt 0 O

i nteger. TREitGeRo GRBIIPRatiGRE oPkRE enedntidte fAl&eafok imbbdihenteaghhel enent
and is responsible for its placenent throughout the calculation. This

provi des tifreentien may inddrpofratextiHa invention rttoasthenimstehethgre séisxed- poi nt
formats during the application in order to fully control the dynam c range
of values. 1 0Theeex@gubipn yndyildl és vsed for exrcaitingpiaskedtions xeekiyesd by i nt eger
data. Each 64-bit multinedia extension register MO MW can _be directly
addr essed th§ Paessepat hglmaddiion &9 ¢8R 4IRS tAEIVERIRUBIEHY, Wth regard

hat F0 HEJCRRRbIN RECRELGOTDE RIOTAR O PR ROt B th (he
fl oati ng-poi nt _.i nst ti. w1 5 | ' th i f : d
use the 33obTRMIERRE R Y aa AP BURNPBRS T 1P b Hat Because (he |
64- bi t ' .S 4 I I L06g- nai [ ,

ol cat | GRErions GRaP ek R oty KO RE IO pRSRRANBS FERRERT, 1t cger

f f‘g:atslt ﬁés ih&trisGon 5eOMO EEGIp3sBE SndtEctidi® RA-RigpotHhigRe spaxtigAsi on
unpack operations, packed add operations, packed subtract operations, packed
25 multiply operations, packed shift operations, packed compare operations,
multiply-add operations, multiply-subtract operations, population count

operations, and a set of packed logical operations, but the invention is not so



2 0 point registers MMO MW conprising packed data, and ei ght regiséﬁgﬁ.gma
the*32-bit scalar registers 414, which can be used for different opéer E
/i ke addressing, loop control, or any other data manipul ation. Menory and

i nt eger register operations support the novenment of data between the 64-bit
regi sters 410 and the 32-bit scalar registers 414 or nmenory. 2 5 The 32-bit
and 64-bit nenory access support in the U pipe 302 is used for performng
32-bit and 64-bit menory transfers to _and fromthe 64-bit registers 250
C T 2002 -20 410. Furthernore, the pTB%éssor uses the U pipe 302 for
transfers between the integer and nultimedi a processing data paths. The
instructions corresponding to the 64-bit registers 410 operate in parallel
on the packed byte, packed word, packed doubl eword, and quadword 5 data
types pachieditedht dh@dsebiaf pagiedtlogeal Thergtasisenf dryd emdvaidimieyp eomprizei ses

ei ght packed consecutive bytes in a 64-bit register, or eight elenents per
operand. PaekeR AN, porked ANDNRE patkedi @Bsandpacked KER dorgbeut i ve wor ds
in a 64-bit register, or four elenents per operand. The packed doubl eword
dat a t ype ICHRRIIPR ds NOhSOpHEREH: cHridkecome gambpstipent ipdesciibed wiheregy the ¢

regi ster, or

t | t d., The d d ta t, i
o o Rkt kR ScPSly SRSLAN, The guaduerd dolafype compri ses one
et QR DAL SL 90 A0 MO ONG UL 00, oL cppgki o and
i nst ti I f. A i . ) d15
nsLruettons oo (acaabitablancric ARt Joriagd s arertlov g

PCR, PSLL@%y_ ﬁmym%%ﬁ&wgtds@a% rh&iNeN(R hPshié4tfrsOfhat LiBBHaBkEd 64 bits
anong the first “set of l'timedi a extension registers and anong the first

set of nuldataeThasciiesaaltithed flagrise aniteremDpyck HendRsdrpddtaahdon
causes execution of a bitwise logical ORin the first set of 2 0 nultinedia
ext ensi on preeffirst ¢he neddssaShp&raitiosis rarc theopadedséstag xathautarqairiag she ft | ef t
| ogical without carry across data type boundary in the first set of

mul t i nedi paskedkitono beginpasked imgdenraprrionst eng bf omotereparhtiareondat a by
t aki ng one operand from one register and one qperand from a correspondi ng

| ocat i on OReaifariemesgas retimendl peraborsg thrsernlspethma Provile BAHPHNSNSS y i n
a register., For exarq)l e, .an lgNPACK H GH instruction,pl Zlces t he hi gg_l oper and
of one reGNRBIRERPRE HTGH  GSEFHH P BPOINBE AT PR St 6P RYRUPROSLENY in a

register. Ly ones SrodL RNl ALK o BB i 2002, Rk | ASE ruct i on
operates @én a zero oper an r one source register a ¢ da nonzer o oper and
from anot hy Errﬁﬁ@,r 1% Erﬁﬂ'ti%‘ié’cga a4 r@hﬁﬁ%gg%é‘ aﬁRﬁ;F@rQHBn'tﬂal PEnsQUELE

regi ster of the zero operan e processor architecture conprising the
128- bl 5 myerfdaicoR ke 04, thedisdead prdgrah, BeoeRadbRBpréserither

accel erates performance of 3D graphics applications over prior art

mul ti medi anexthigms, st eclpack ape etata, Therfaadbe atpedapongratitd sgparatkel uses
instructions that operate on new packed floating-point data types which
cont ai n f clemshtsgirelipiceaillyi, endftheatpaty thei nesultsiitor & pabked rémilt forention is
not so limted. General purpose floating 1 O point instructions are used to
oper at e ofurther qacked pspe@sSIER8-bit nul ti medi a ext ension registers

XN XN ey PO 10, 18 DTG M LD e oLy Lo dovel op
08T, Ik RLISEAC A ORISR RS BERl ERSEN i SRSl
I nstructi ans, LR 1098 NEoARE lihfotnlRicH, IRATMHRE Aatd!t utARRI98! 14~ DI t

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

25 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



mul ti medi a extension registers MMO-MW and the eight 128-bit nultin%pgﬁ
extension registers XMMO- XMW w t hout polluting the caches. Moreovers, %EQ@Z
instructions conprise the ability to prefetch data before it is actually
‘used. The intended advant age of packed floating point instructions is the 2
0 acceleration of 3D geonetry and graphics, the acceleration of 3D
rendering, and the acceleration of video encoding and decoding. In one
enbodi ment, the Single Instruction MiJtiple Data (SIMD) technique is used,
but the invention is not so limted.” “previously discussed herein, this
t echni que speeds up software performance by 2 5 processing nultiple data
elenments in parallel, using a single instruction. The 128-bit nultinedi a

rt operatiagns on packed sjngle precision

extension registers 412 su
f1oating 5%%%8%&53 degpder ?gﬁawﬂf?é BECHHPN Lyt E%Qeft% p@ig@rgums‘omulre@ 50CT

So0h o o SR P 8 LR Tl ML
oot sLapale RSEPANG CEREl R eatkana s erGL T g |
floating- poi Akihasethe G%Hhé"insscr@&gor{s% r ?Tlg% H%F}é@ﬂ?%&;%ﬁ(d k& §§§cdla%fcg-} erns,

| ocal i zed re-occurring operations perf a; an

I ndependephitcoit isQepids@ited By ANSerfEST PRRL, st8ieditntd 28el lbRlapPur pose
regi sters XNNDXVEV grégpfzviﬁed,reach o?ﬁﬁhfzhecaﬁl%é%gg?gggﬁgﬁgggpéssed.

These 128ifytiudtR@i 6f 6AE exMEixNE dsthdraigetrel? 8e il €£&%§singrbeH@se

enbodi nent, the 1 0 principle data type of the 128-bit multi fredi a extension
regi st er siff1Ren staepacked si ngl e precision floating point operand,
specifically four 32-bit single precision floating point nunbers, but the

i nvention is ndhegegisten fiked150rkeusesdt fespronidignig fermatiopdinaludingreongrol
instructions access.the 128-bit registers 412 dirﬁctLy usi ng register

names, buBNEE&tUsRIATMALLOr SFYRT €313 iiRtagen dats parked ibipger dategindt ers 412

T S SRS ) U0 A e T SBlaRRB
infinity. h i ze. and i h

L BRGNS e R0 UVIRLad AR AT SR oo
real - ”“”b?é%igf%% W2l 4 icx)-(r’étsg&%‘? régil%?é’rk, ﬁécﬂeﬁg%n l)?g%faé\é@?&{ ﬁlpta?ﬁé point

particul ar procéssor supg représent’s’ an approximation o _
real - nUNbegoisiesd §IRckbAGNfeHREGe fRELIBS A¢d 8hARsRliclibh §>oﬁﬁt@k~r@%u§&@rcoﬁpwt i's
deternlnedz%y the format that The processor uses to represent real nunbers.
To i ncr ease thdéntepeddbwntl7Effitchenayenfion dalnobwolianitedmiut@td ons, conputers
typically represent real nunbers in a binary floating-point format. In this
2 5 flof maembopdimeht, theisenlanasteger gegigtars gre a2-digregisters, gé prckardsingted an
exponent. Figure 5is a bjnary_floating-point.fornat 500 used by the

128- bi t mpresipeni flpadingepeind Fegistars st 4 28 0iiRgirtfo andethe Parked iiiegaEL
conforms to . 250CT§2 2 - 23 the IEEE standard. The sign 502 is a binary
val ue t hafe§iAtfreaie e SRISIBEY QU tHBINYRECTR 69 Nat S?}Qﬁ%?‘?"\l/e (1). The
significand 506 has t arts: 1-bjt.binary_integer 50 | so referred to
25 the Jobit: IhdteLnpadrgery sfe Parked M OBRY et msdarpns ot ™). b
508 is no LCl [ ! | i ) e. The
exponent éaﬁ?&?xg\e%o%# %’gra ;g/@?‘%t% gég%?ﬂ? %g? Etrlgg’j%gﬁ{ g stt%%' g%@é{ep%\%s?é#o whi ch

the signi fir&age RY6tHe i&%a%atﬁ@?bmtmtaemw fe%isft@fsr@ftfegjstt&eﬁléa(:ked
128-bit data type co I ses four Single precision floating poi nt nunbers.

The 128 biibg, Meeprodadrer ad9Dat m;egghmlﬁﬂ»e, whestetdnt hhé régicters Be beast
significant bit (LSB), and bit 127 is the 1 0 nost significant bit (NMSB).
The byt es etthet btachaekadndatBfloatingaiaint yggistefs oneoerdtadi refateritad gpacked
consecutive nmenory addresses, wherein the ordering is little endian, that

i s, the bynegeniregistene | bweis atadretiseantas enedeaismgaiintluded torelow ftbe byt es
with the higher addresses. Regarding register data formats, values in the
128-bit mpTeressar 09 teswitchrhstygen &piestieng ORIEBisters asHeck wieaenced a

128- bﬁ% qufiant ity in nmenory

oating point registers and non-stack referenced packed data registers. In
another such embodiment, the processor 109 may simultaneously operate on

registers as non-stack referenced floating point and packed data registers.



Two data access nodes are supported, a 128-bit access node and a 32-bit
accéss node, but the invention is not so |linmted. The data type corriespbhtl§]
directly to the single-precision format in the | EEE standard. The fraction
part of the significand is encoded. The integer is assuned to be one for
all nunbers 2 0 except zero and denormalized finite nunbers. The exponent
of the single precision data type is encoded in biased format. The bi asi ng
constant is 127 for the single precision format. Wen storing real val ues
in menory, single-real values are stod@d in four consecutive bytes in
menory. The 128-bit access node is used for 128-bit 2 5 nmenory accesses,
128-bit transfers between the 128-bit mnmultinmedia extension registers, and
all logical, unpack and arithnmetic instructions. The 32-bit access node is
used for Bethemmereronaraglienmte embpdimendntifese sapet vagistethmai2Be ised
Z50CT2002 -24 nul tinmedia extension registers, and all arithnetic

i nst ruct i iPEStorMG serapintegecdad node is used for 64-bit nenory access,

I R e S R
mul ti nedi a_extensio register . Thq instructi.on set of one enpodj nent
Used to cPAPEE’ BR A AAGYE SRR LAY ARt SRR SB R o H (7

; . i anidf i ’ ¢ Ked
ot Spernigah e el 8 e cald e s A SRR Toms T

oper at i NG @Bo@iREht mi maﬁx@éﬂg%irsfg&%ﬁeg%s%&%%a&m?olé%agg Jo'?lgxtsc{llé id ons

operating on the |east significant pair the two ran or scal ar
oper at i ONgatusiaféihSCor RRRT 2 GRERUNEBE 5f FdgiTeid)@adlt EfpaIORF 3RStiRE Sclassed
through to the destination. Alternatively, the three upper conponents nay
be zer oedintdgergpacied intéder, addrpskedfflaatigpoit daes.and is aligned on a

16- byte boundary for all instruction, except for unaligned | oads and
stores. 1 5 ThEhe megisters iobrike oégister fdaiddQi mentbeciompleiremted Shufélide Packed
Single Precision Floating Point (SHUFPS) instructjon. The SHUFPS

i nst & Gt i diffarentcnpaisiess of regigtears iang aif{erent sige rpgiskess, Peuthesinygnéioprisci si on
floating point,nuneﬁgi fron1oqe_sourceagpgﬁand to the | ower two destination
fields; the!tppsHtedoraeexrmple.dn ¢nepEOOLiRegEfBednager TFiSIEIs ARY P8 of

any of the four % si ngl e.preci sipon floati n i_nt .numbers fromthe second
sour ce opipalfieried P tgreCat kTS, RUTR.otBh eRliR o sRPIRRER ! foterErps
instructi i i I ster t

st ot P oL, BRESHUACIRNL: ofY uHsl B ABBNSRTIRAROLSLEAaEOL N By

singl e prechad gied k&;ﬁaa&dp@at@t TAUTD 8T 8rriat @ BiriddldmeRd) Rk Ghteger §e$i§te9§‘e
enbodi nent, scalar 1nteger or nenory data nmay be converted i"n parall el
usi Nng 3 heeddhsédritein 3N6r p4 ditsded herein to a packed floating point format.
The packed floating point data is mani pul ated to provide the graphic 25
ocT Zoo2 - 25 Fijatra Aisedptoce3fdn vyef orndebodgmervl Theiprgcesaor pdd ati on, t he
packed floating point graphics data are converted in parallel using the

i nst ruct i e pdises rithsdnienfagenunis 282phak eerples doe proceseen 109THeap gxtestal

i nteger data_are used to render_ an image di splay. As such, an application
may use 198 BP# wheiainithe @xsemad gﬁ:ﬁﬂgﬁ 15 é’j’?éttércoi%%‘%t? SAsh i gh%forrbi nati on
with 64-bit nultinedia.feqgister i.nstructjgns or 128-bit nultinedia
ext ensi onSX%SIi“s‘%%‘flc?snsﬁﬁg}‘isdﬁ‘%erifﬁcec'éﬂ%i492t3%ﬁ°%5t UE LAngpChi Y E’F‘EP or
menoLy, i NSt I i W JRYS Lk nst i e i C ise
o] ofe SR R inshe 208 ST b BroRB o Lo Bt e BT e

the 128- bitemld LRGP AO%@&W@?%&%@&QI'@ & udlitb L1 ReERd D66 g_éril-\r}l%i 4

mul timedi a extensi on I nteger registers or the 32-bit integer |
regi st er sy, FkQed Buf 230 0B eal ChdneAgaky be@S RN chip PR BBy at Be regi ster
file 150 and the correspondi ng conversion instructions 910-928 of one
enbodi menfractibg dfedespeed fdfl the sope proceseos2d8, dfuttbaliaverdRobig ndtAddv
regi sters, a set of packed

limited. The L2 cache 206 of one embodiment comprises 512 Kbytes, but the

25 invention is not so limited. The L2 cache 206 services misses on the L1 data

220 and code 222 caches, and may issue requests to the bus interface unit 202.



1 5 integer registers 904, or 64-bit nultinedia extension registers, and a
set of packed single precision floating point registers 906, or 128-205 §CT 200
multimedi a extension registers, but the invention is not so limted. In one
enbodi ment, as previously discussed herein, the packed integer registers
904 may be aliased onto the nenory space of the scalar registers or the
system nenory 902, but 2 0 the invention is not so limted. The conversion
i nstructions 910-928 corresponding to the registers 902906 of the register
file 150 provide an efficient means of6converting between SIM floating
poi nt data and SIMD integer data during data conversion between the

regi sters. The conversion instructions conprise, but are not 2 5 limted
to, a Convert Scalar Integer to Scal ar Single Precision Floating Point

i nstruction (CUrsbasdnteréaceuenit @A% of raoe %mgbdnmemt Sciupleditndhe Preci si on
Floating Point to a 32-bit Integer instruction (CVISS2SI instruction) 912,
a 2 5 (Precesspygore 208 esingatt Lidakw sideszfiand an hdiwderaghe Réh qach&fi ng

Poi Scal 32-bit | I, j TSS2SI i [ 914,
Conver t  PABIRER52 (REYIFH, GRS SOBtiEEu Groicioa P B, oT ok LH GaR i ni
| nst ti Pl 2PS,i nst ti 920, t Packed .Single Preci
Flloat | ng T HE 115! Brvak eatasaBioh SR PR eier R oy Bl ok capeagprachie

net gi 9 " . . . _ o
ovTPspwiriadt e gt tnin e s BEH i BT B Rl TT0C 71 1O
Truncat e RacketheS baR RISCHEHAB, MO BEtPRI Bouphit PATKSH Bdnbhlenhdieger
instruction (CVITPS2PI instruction) 928. 1 0 The Convert Scalar Intéger to

Scal ar Sigire B eaisecond féwd} tdtbePOBNTHerTST Hitet da@Re CONESHASS HAKGtlbEEt i ON)
910 of one enbodi ment converts a signed 32-bit integer froma 32-bit

scal ar, and stozgeequestgisuet [90thd vad aidigloee preaitiiroanitspatieng: pdsant
nunber. The single precision floating point nunber is placed in a register
of a set @fcut8hpiltl dathtcankel220 émwmgis oequestd &t dvesLDOhe206. Alteelbhat i vel vy,
the CVTSI 2SS instruction 910 converts a signed 32-bit integer fromnenory
to al& ngtasdepeachiesdiZgrseryisgs ingrwaion fatchBrauesihisseed byrdednaigretion eci si on
floating poi.nt. nunber is stored in a register of a set of 128-bit

mul ti nedifgreéﬁttcgﬁrsi on regi sters 906. Wen these conversions are inexact,

rounding s PorhgLIRG AGE A A Lanbee RILET S Rufc SRRk st oL 2 O
for mat tofe@ckpa&ﬁﬁ&m?ﬁ%fcgi%; &B‘akélhgfeogri[i‘%tggéﬁ%‘t? s mllﬂ?,zﬁg‘cb% rﬁ&%h‘u@ﬂ)m&’f one

enbodi ment”. Oper at'i eginstat s a nu I's stored in
the integeko fred BE ifstBudtfdi Sé€EoRbufinkl ('I@SC??ﬂstﬂictﬁfr%b!oEeiﬁidz'b@Jpsf egisters
in a scalar 2 5 format. The integer format of one enbodinent is a 32-bit
integer foapping Autess&eamvrgnidgivter setsioind didpanitt, @skecdtion f drid retbreimenit
architectural registers may conprise eight 32-bit registers, but the

i nvent i onofi microtopn Thepreckssdheore 2085n8y @QuT ag6p@eds2af 288R66, and 80%{E i nt eger
format is converted, at step 1004, to a nunber in the floating point
format. THeshhewei(WiHpbimtt theringenidgen éhaotaddanitedit The pragessar Wongl e

precision floating paint format, but the invention is not limted. In
one enbodPHRIRLES PH&'Og’tOéEebFX%H\Pé}r Y hRFeFoM3FiOs RS a&e‘c%%q%j%aa ioﬁ‘gt?"@

t | bits,.li { | tat i St . di th b i
Che 11 oat Toratie e PR areaPt i s et g h ey AR s The

mbery | f1oatj i ' ' ket i d set
T s

enbodi mMentecel AR iREGPH t?ﬁué@fs 208 DiriR Rt A¢5 3ln I RFWALES $h€ PERIdsES R Haht
128-bit registers, but t Invention is 1 0 not so limted. The step of

pl aci ng tb@od@:@mor@m%ﬁ@rfe&@ﬁtﬁm point format in a register of a second
set of architectural registers may conprise placing the nunber in the

fl oati ng poi nt Therpratessor aflweshbsdinemnt isafn adrearncegl stprsealar prasesar ng
upper segnents of the register unchanged, but the invention is not so
limted bultaZheu@biwer gerBoal-purBiseginéeger gupelines #hdat pipgliredriloatings 32- bi t
| nt eger
92 5 point unit, allowing the processor to execute two integer instructions
simultaneously. The processor can issue two instructions in each clock cycle,

one in each pipe, but the invention is not so limited.



instruction (CVTISS2SI instruction) 912 converts the |east signifi ca?g
single precision floating point nunber froma 128-bit nultinmedia ex il dp?
register 906 to a 32-bit signed integer. The 32-bit signed integer is
placed in an I AT"' scalar 32-bit integer register 902. Wen the conversion
is inexact, rounding is 2 0 perfornmed according to the contents of a
control and status register. The Convert Truncate Scal ar Single Precision
Floating Point to Scalar 32-bit Integer instruction (CVITSS2SI i nstruction)
914 converts the |east significant sthglFe precision floating point nunber
froma 128-bit nultinmedia extension register 906 to a 32-bit signed
integer. The 32-bit signed integer is 2 5 placed in an | ATM scal ar 32-bit

i nteger register 902. Wen the conversion is inexact, the result is

truncat ed i npl iligttey3 s &lthuil date pspelmeoBOtofess endalimeundiOtgenode from a
control and status register. 250CT?2002 - 28 Figure 11 is a

fl owchart efjrodiorands mayy havewnrisepipeliom er pack éban lteat pipplipesntTHeofirsat to a
scalar format (the CVISS2SlI and CVITSS2S|I instructions) of one enbodi nent.
Oper at i on l@gi§ahRiP4tis sefepret tppas the Wipiph 392pand dhe sgcanid logisé piparise st or ed

inthe floatin oi nt, format | regi ster of the second set 5 of,
archi t ect dF&I” &ﬁé}%erwpé %)g‘ci@l’:}r‘%ﬁr%ﬁtdecpﬁl%é?éﬁﬁ(ﬁﬂ’%%ﬁ%mfc&@ﬂrnunbers
are stored int fl.oati oint .fo t ut the inyention is hot_ so

i cen Tt RekDErp S B e ind hmti et eYs 8 5o Tk gl e
preci sion L4 [ : g | than is MOt so<linmted. In
one e.nboditlﬁr%tg ,e_t1 (talgglgcr%ﬁé&%g?kptbgygﬁ?ég?égglt&@es Fér’[‘%r‘}s‘ t@%ypﬂpsees ei ght
128-bi t 11Pil8GR LRiSibION phfit & WSS P heMnbrllcliB] is ABeQlto! N
plurality of numbers in t_g loating point format is converted, at step
1104, to ahoWrbgse BOR kHE NdirREAIctiRN Bbsuekh € LY ¥Oipel SugTaVIRL one
enbodi nent is a 32-bit integer format, but the inverition is not so limted.
In one entmstruetidnsodxeche: GVIIESREGL pipsd BOZ-B0Hnthethiselstvepr i3 theasaves &$ (g
conprises accessing rounding 1 5 node bits froma control and status

regi st@r, they wararedeagtedhsequentietlyi Mltiehprocessnyemidrorarghitactaoe domgrisest he
roundi ng npde jndicated. In one enbodinent of the CVITSS2SI instruction,

the step &he éolowing piggesnpsisictionmrgaieh 8d0: instinetivarfetdh 31 i nt eger

f t inplicitl di 1 d its | [ i nst tion. Th
{runcat e GREFUGHSRIFEUNE BRGSE B SPBY Y e AdyeraaRIoat Bt | on, and
th i i i Ny t I d stat i st t
dot ef i o ChoF U L RO EeT S PRY Dl T Ry BTCC. dBBHEaPT BB m
floating pal-nkoC QERUE AL ONR) HSLBD LIRS Os DEALLSE L EQUN 10 Tode,  the
truncate roundifig node 1's general [y enp oye3 when conve tlngofromfloatlng

poi nt] §0 ijRéted&®ionspexr @B@pg'ygg_ the roundi ng node typically requires
changi ng t he roundi%g contrdol in a control status register. Encoding the

truncate roundiRiguredeés htach abcHteCture I pra@sidicof isd endodneny OTHS
updating the status regi ster because the roundi ng node specified by the
i nstructi gmooessor comprisee astvaelus-stags pipelinedtanchijectline witlvlarouitroft he
integer format is placed in_a register of the first set of architectural
regi st er s draenexealtion conenaburthermpeg theggocasser fof rante embogdiment
architectural registers may conprise eight 32-bit registers, but the

i nvent i on PERIGIES$HIeg Pr?‘taé]é.l depedeTsniies ExPHEIIYPIYS ¢ 3 hrayrtatgetPacked

Si ngl.e.Preci,si in int, _Lnstructon (CVJP] 2 ipstructi 920
convel D, ElsosABLPY 180 oy SFh Peguhe iGH Vit PP APebit eniion
packed int i 0 3 h T . Sl e..precision
floating p?g?l%% r%ﬁ?}%zér gﬂ’%h%té?ﬁ}@ﬁ\@g 6%&35%%?%%@%@&% gﬁggg%’i %tteg%% tgr s are
pl aced in 3, {28 bi biiRdbAEXIAD5LAA I RALA SfacRUrUNGEE hBcamyer si on
i's inexact, O ouﬁ ilan%ﬂ?églgg?g %ﬁ%ﬁ acf:_or ding to gaéo(ralclﬁlrfo _ ang)g?gt (tj[rsh\ée _
register fETBUDEMBId a HidtorPBebraiheSitEHR {ee@RhispruHieled durihpehsesti nation
regi ster are zeroed.

execution of an application. It stores the address of the mispredicted branch

25  instruction, the branch target address, and the result of the misprediction.
When the same instructions show up again, the branch prediction unit uses

this information to predict the outcome of the branch. The RSB 406 may



15 Figure 12 is a flowhart for converting a nunber from a packed integer
format to a packed floating point format (the CVTPI 2PS instruction) MU?PﬁlU?
enbodi ment. Operation begins at step 1202, at which a first plurality o
nunbers in the integer format are stored in a register of a first set of
architectural registers in a packed format. In one enbodi nent, two nunbers
2 0 are stored in the integer format, but the invention is not so |imted.
The integer format of one enbodinent is a 32-bit integer format, but the
invention is not so linmted. The firstl8set of architectural registers may
conprise eight 64-bit registers, but the invention is not so limted. At

| east one nunber in the integer format is converted, at step 1204, to at

| east one 2 5 nunber in the floating point format. The floating point
format of comectgrpestibBrdtut’ ad d8dsses fospiile€ubsLGias add cAllQR I dpgbiht
format, but the invention is not so limted. In one enbodinent, the step of
converti nipcatidhd G 2M2essdeh.conpri ses accessing rounding control bits in a
control and status register, and rounding the nunber in the floating point
format accor di Ag previdely dismlisaed deneinplthd preceséfor teaptrisen ewousdeention t he
floating point format is placed in a register of a second set of

ar chi t ect pipglineagihet @rpipe P02 arut Ked Vipipesal04. abheseqripslinens)2-3bkoperateast
one nuynmber in t{‘]a? floating point format may caonprise two nunbers, but the

i nventi onit Bardte! 85| Ayt alprﬁfbﬁéecé%’é’df%m?,uﬁ Hetyedaplgusisenspevery

e R R S SRR A SELERE ol 0 1
0oL Rl ICAT A 03Tt cRLARERDR, ol BGPRABELIESL |

in alowe Q# of egi.ster s ' f the

regi ster é‘r/]c agn%lg\g 61%%? ht% %g ilﬁv%%{é ﬂgﬁ{é%?ﬁ%ﬁ&g%%?f #?%Eds HfgIrtffué:(r’g]}l((a)nenbodi ment ,
there are.s&Y@Rl int@thaltile $22s32&Rpridihg REH, Wddoae, EalutoAualt s packed
single precision floating point values ina 1 5 128-bit nultinedia

ext ens) onwrégbsdier ASQHrdsalthakk lodedsbr tan ekegee snskiplednitbudtidit- 4t the

mul timedi a extension register 904. The first variant is the Convert Packed
Si ngl e Pr sxnsitoneRadt inng d2fferanttaxePatikedtgR: bFor exdrapgly, dnesinstrattion
(CVTPS2PI instruction) 922 that converts the two |east significant single
preci si oncouldabe iy tipoprefetninitage. onoin dedede, isine imexacHtighaarstosgsinon 2 0
register 906 to two 32-bit signhed i%gger_s. Th iwo 32-bit signed integers
are pl aceWritgbacksasipreinusiyeasaise §¢lanpa@§1ie PEPCRISNG WRSFEIR e

ion is i f, i i f d dj to th t ent f
control - aNaels HREHsY Sreie SuliHa SHRFAm o] das SEPPRIPR St uc | on
924 tlh:?t mgjﬁg\{ﬁgé?téacet-?rﬁ%ﬁlt?élg%gtapgrfﬂg%on floating point nunbers in a

128- bi Xt ensrort regl st to four 16-bit integers stored in
a 64-Dbit mul tingdisa BXLEIR| Qb Gashas 430%¢ oHeeerhBbEANYAY ARdW fbs the
CVTPS2PB i nstruction 92 250CT 2002 -31 that converts four single
preci si onphtNRAigigcRBin} 6 Wid a5l ivherel? 8irlpilé imBitddtitedbperXéLORI ON T egi st er
906 to four 8-bit integers stored in the |lower 32bit field of a 64-bit

mul ti medi mxﬂxpgﬁmelemerttegifsia&a. s pobbtess hpresitdbbpplicatiant thait perfoden the eger,
byte, and word versions of conversion instructions that 5 operate on data

i n i nt egesameyperstiandepetitivelyr es pootiguely blatks dodetr @s Tnunuliimedacked
Single Precision Floating Point to Packed 32-bit Integer instruction

(CVT RS2 Plalgqxsthmﬁstmﬁ%taregﬁ@é? £50 pry bevnappesh osaliased eutptthei ngl e

precision floating, point nunbers froma 128: Dbit | ti medi xt ensi on
regi ster 99%SteEs f"gﬂ*y t?s*?t-%ietmé"ra@HQB 1p ﬁ\péjgglg_mt?ﬂe ok nﬁtﬁ ?4'§i1tg’i?§?ft‘ir50

Lgﬁﬁgféfoﬁﬁﬁe?% st ! o E0R ROt SR e b TR RIS “WHaroit e St ep
1P S7F decid , A TOUE The step
e o T o B e e B D e e R et Rt Spor ™ or i

to a packegi;kod ¢68ktdre! FRdltikddita IR 1L BGhERR#Hpret the data as

25 packed integer bytes, or words, and floating-point instructions interpret the

same data as the mantissa part of a floating-point number. Equally important



1 5 instructions) of one enbodi nent. QOperation begins at step 1302, at

whi ch a second plurality of nunbers are stored in the floating poi ng 306d 8l
in a register of the second set of architectural registers in a packed
format. In one enbodinment, four nunbers are stored in the floating point
format, but the invention is not so |limted. The floating point format of
one enbodinent is 2 0 a 32-bit single precision floating point format, but
the invention is not so limted. In one enbodi ment, the second set of
architectural registers conprises ei gh? -128-bit registers, but the
invention is not so limted. At |least one of the plurality of nunbers in
the floating point format is converted, at step 1304, to at |east one
number in the integer format. The integer format of 2 5 one enbodinent is a
32-bit iniedeat thermadtimedia ektensinre instorctionsrimvesacdeata ¢lde elghtone

enbodi ment, of the CVIPS2PlI instruction, the step of converting conprises
accessi ng dﬁé&ﬁ?d?ﬁié‘l'r%ﬂ%?gbﬁtﬁés 1o ad ¢iienrtel the eighd 3R bis scalar segdaerodbl - 32
regi ster, and r_lﬁ,gndi ngﬁetcg nunber ia the integer format according to a
roundi ng node iAUFERA ga’{ahféfpﬁéaﬁ ing-RodBas-veord age datinedifenthectt- of the

CVTTPS2PI ,i.nstrycti he st f converiing copprises,inpljcit]

truncat i n§'t %‘%ﬁ%’g& p%o?@lgn}etﬁ}cgggn TMIEI%BEBF&I%nttBefaFL%@é ® node 5
i ndi ca ed e rsion.nstr [.on. . The nber_in the integer format
o pl abed TR SREY EoT et | 15¢ L8, ol rolf oY Blackhehe e CREe ('
packed f orpmmd; T I =Y Lsters may
conpri se el ghl'En %Elc- . %I?H}%g?ag}tde}ésqfesyﬁ?gftbﬁi?(?rn%rﬁ?%#%rgt %g?ﬁgg&ﬁ?'%? ed. The
CVTTPS2PI chR&lldtisi.| TRiOhrHNEes RO e R tHH0E88bIN0 thAHIds8Gnd &mﬁ‘%@e In
the instruction, which iInproves performance as destCri bed above wtf respect
to the CVIK88ZShint feirmaietd@ing Fhawpplitdtios ia drHewed &illy contd] skeond vari ant
instruction used for converting a nunber froma packed floating point
format t o dyrpatkedngatodgeiuénr mat (t he CVTPS2PWinstruction). Operation
begins at step 1402, at which 1 5 a plurality of nunbers are stored in the
f1 oath @g poi nt Therefebitiragisteredil8tcontain packed sfixesepoistt integler data. uEath
registers in a packed format, In qne enbodi nent, four nunbers are stored in
the fl oat iCAPibBrwMiimediagxtensian registen MMO-MMY sande diseqtinpddiessathby
floating ppint format aof one enbo irreng i%. a B%Ngt}:}t singl e gr.eci si on
floating PSP O RIESBET RS HhIN SO R0tV E8 TeBRTY & Ie§IRteg A6Cesse
enmbodi nen L. L St i reqgi ster onpr.i.s ei ght
T2oobit e Bt VOO e d BBl Fer TR B el e of ¢ e

plurality n%ftlaeeéﬁe@a%ié B %f,%& H alliRgneplpe gk RS AbstRONYSAE ﬁ%mfcgio 5ep

1404, to at least one nunber in the integer fornmat. Th8 ‘i nteger rmat of
one GITTBOdilﬁﬁﬁﬁcﬂi&\sathla@l@bbciﬁﬂbeﬁ@mofryFo?ﬂé'&ancbube HRe32-byiedtal A reb St &1@14190
limted. The step of converting 2 5 of one enbodi nent conpri Ses accessing
roundi ng rodeldredssthat opemrebntrol and status register, and rounding the
nunber in the integer fornmat accordi n% to a roundi ng node i ndi cated by the
roundi ng node MlecsuseTthe Githienegisters 412 Bh@ally Wse donfloatdng-pomet tegidiets,
integer format are placed in a register of a second set of architectural
regi st er s applisapank doat esermultimedipgxtansion tefnclegnhavedtd sttegeichi t ect ur al

i st ) i i ght 64-bit i , t the i Nt i [ t
601 PSR CORLSe LA SA0l LB LS B NS LANILAT L2 0t =0
16 5 bt int. t th t ent f 28-bit fl ti i nt
105 20, ' BlFOR A OLARBINE AP GO B Fuble R AR oL e ™,

athird vah @ : j 8@55 : LNg poi nt
f or mat toag'rz% %gtgﬁ%igle??élge%(raér:??%ﬁbn%%&?%aﬁew(%%ggﬁg&i?%g?r&u ti gﬁ%g%grat! on
begi ns at aiic?resskég?boo%_tcdﬁwlboaaa et IdatPmahifuliigper s are stored in the
floating point format "in a registér of a first set of architectural

registers in a yeekee¢ fral Mkged fedibter epeedidraniuppathe unbessent of daef ed in
the floating point format, but the invention is not so limted. The
floating psitntechahe®t-tif registeendiilane he B2-bat S2ldri regiitergl4d 4premesioon.
floating point format, but the invention is not so limted. In one 15
enbodZ #entThe B2-bit arst 64-diit wiensonytdacess support éytlse Brpipediirissseddioght
128-bi t

performing 32-bit and 64-bit memory transfers to and from the 64-bit registers



regi sters, but the invention is not so limted. At |east one of the
plurality of nunbers in the floating point format is converted, at 3t5e@)CT 2002
1504, to at |east one nunber in the integer format. The integer format of
one enbodinent is an 8-bit integer format, but the invention is not so
limted. The step of 2 0 converting of one enbodi nent conprises accessing
roundi ng node bits froma control and status register, and rounding the
nunber in the integer format according to a roundi ng node indicated by the
roundi ng nmode bits. The nunbers in thé)8-bit integer format are placed in a
regi ster of a second set of architectural registers in a packed format, at
step 1506. The second set of 2 5 architectural registers may conprise eight
64-bit registers, but the invention is not so limted. Follow ng the

conver si 04]0.e&uhthedmboire, thegirotessommses thp ti-pipe 3@ forAEANTOBDbetBochatie 8- bi t
integers representing the contents of one 128-bit floating point register,
but the iHueges end insulisnedia piogessing dpte patisser si on i nstructions retain
SIMD paral l elismeven though the widths of the registers are different. For
conversions fr S?ﬁtlﬂ%trwgorm forrespandingda-the to4nkit registara 4éQopezaterin

55001t | nbe ! aRaRE RPN PY Bopered SIPEBRF R Obleparcrn Avatiord
Loars pobafleRt pRekal IS Curtis IR ERS TR RAUBARRE dete PR ErhaBits | or e

! & f | RARLY operd . _
P ot he SRR PR ah RO WACE AU HIie R 0B HOLIEAR cldinsd pdy 0NV oT ST ONS
32-bit ing gﬁ&\dvafmkeﬁagg WM%&tQ?y%ﬁgéh@Qis@s%@P%ﬂ@a ‘fzdgrgg&&@ae poi nt and

pl aced in the | ower enents o oating point 1 rt nultinedia

ext ensi onwioedh $A @r64-bitQetiBRE! of YOuLLIeRAS pef ob8Rrd. OBké BacRQ] Nt 128- bi t
mul timedi a extension register remain unchanged. This approach of passing 1

5 the uppéoublesvraxt dathltypagbmprisesttway padladescaseadttve dbakiebivbidyin & t he
mergi ng of new data with existing data. Miultimedia graphics are typically
geneldl ed6bpitt regigtém@rdwo etagenss per opetaadt i Tre ghadward datntjgeendent | y
controlled dots, or pixels, arranged on a screen or cathode ray tube. A
conput er EPAPRISES PREGBIAAsWOYS iR & §4rbEIRBISted OP opedtlementipBe PPBTanghj ect s

d d t back di . ,Durj . i.ng, the object b
cont e el P e o WSk e et e
bl endi ng. (HE iRAsEE:S PRERHEERIEs ML daP e befaferirier SrhbabhieBe T
comput ed [{MARRCAMMPNERLA LIRSS oo -l PRISEIAT, 2B LRI AP

ed In tw as an

graphi cs, 1 nmages are conposi es--geonetry rasterization.

The gepmehinMePRHE c6RATRIIESSTRYIiheirletibARGE DU mMBOARRSAL EdYe pHigEk NY
triangles formed by vertices defined in 3D coordinate 2 5 8 C T 2002 - 35
space. RaM@EWMQ RRORNPSELDhancouing ACEhinstrucaoher Theapl)€Q, inetructiages
described in terns of mathematical el enents such as points and lines; to
equi val entransfege 64 dotsparsedg che dirsebetpeft et tirmetl feaex teasioberegisterscarahd

mani pul ated as sets of bits. 5 In_conposing the triangles that_formthe

i mges, eaBWngetheefirstset 66 multiaedinaxtensdon registaisiang Bemaryval e PQlom a

ticul | o del . A col | ] k ificati f 3D col
Coor di nat &SYATER Gites PG IATOEADSBESEACBREL OO UISAE! 89506m wi ¢ hi 1
whi |1 | . J ticul t. 1jie, .wh [ X t i
n sunsd: g erdrBlon ronalier trBer SRED otteidRirase Rt &Y gr eon
G, bl I I I D
g:az t esi ;ﬁ Sé@)%f%ﬁ &(;al S’W;gk?%%(g?ﬁ%a%%rs%rggééjgéﬁea@:{%f%%?ﬁglg&(?frgtt {l% Ogl | ow

conveni enty gpekédia CBlb Ao reg R OGS The RINPALTR ifOk-QFti SR MHerledDEs BER:
primaries are additive primaries in that the individual contributions of

each pri mekViaRirgy ofélopetAAEIRRA one repehet 4 ohewPerand el . 1 5 The val ue
of each piXxel in a conposited nultinedia inmage 1S
corresponding location in another register and placing both operands
25 contiguously in a register. For example, an UNPACK HIGH instruction
places the high operand of one register and the high operand of another

register contiguously in a register. In one embodiment, an UNPACK



conputed fromthe conmponent images in some fashion. In an overl ay, tzhse

pi xel s of the foreground i mage are given transparency val ues in addi BY
the RGB val ues. The value of a pixel in the conposited inage is taken from
t he background i mage unl ess the foreground i mage has a nontransparent 2 0
val ue at that point, in which case the value is taken fromthe foreground

i mge. Therefore, as an inmage is produced, coverage information is recorded
so that the color associated with each pixel in the inmage is given an al pha
val ue (A) representing the coverage oflthe pixel. Consequently, for an
image that is to becone the foregrolnd el enent of a conposited inage, many
of the 2 5 pixels are registered as having coverage zero as they are
transparent; the renainder, which constitute the inportant content of the

f or egr ounthstregion dpsratésaoger zaovepagadvabiesne bypialekistongnd Bhsn- to do
conpositing in a ., 250CT 2002 -36 reasonabl e fashion, the al pha

i nf or mat i eerd spgraodi feth ahodec sopirsetegistet hedi piagesbbii oigeraadpanithed, so
that along with the RG value's of an inmage there is an al pha val ue (A)
encodi ng stlercecegistereofotheczarh qpetend. I n nul tinedi a al gorithms, data

paral lelismcan be exploited in many 5 different ways. One possible way is
by executing tABeRiREeHPEAeNdpeusn camprisingehe sl 28tbis mwltionegipane. Thi s

Sror | g ¢ R RRGRToteEt B2 BF SRE COBRRBETE S S ACE o bAe h RISl 5 ar o

t i d i all of t . t | t
Slccesst vaDErasee STl hey prBf e R AR e bR ES Ava o
th t ; is ti
por f or nea Ta ponn B Prodtfiog Bod Ries) HRGCE, (MShdri SRR D Cecsi ve
addr essespaifed ﬁo@ﬁﬁg}gdﬁngﬂég fﬁws WhEref fta sl féd}esiﬁﬁlgél grgegisiiéh fo3ting! ©

nmenory access, and s arly td"grab the correspondi r el ements of the

al pha pl apgirtm@mbeng/tRutBETRYeAEGERSS not s [RreRU! | GBnthE PRBHE h@ﬂtiﬁé col or
pl ane and using nultimedi a extension technol ogy to conpute in parall &l on

f our 1eD empotrst inbtraconeare abed tplopeeatel drovise satroft éighe s p8-diit miul@media dat a
parallelism A second nethod for exploiting data parallelismis by
execut i ngexteasivanregigtersa KMWD-SNVIMY1 thereby powidingsthef pravgpamaher Wihths et hod
involves 2 0 organizjng the information for an ipage in menpory by storing
the i nf or Hif ABRTR G evelnthalgpayemspothal santfirely risepeciiesr singlpppresisien R G,
and B, ang the al pha c nent, of each pixel .are at successive addresses
in mmryﬁoﬁﬂnﬁﬁcﬁﬁgﬁﬂa%%r&%ﬁa %E?‘é%‘gﬁ‘%ﬁ? {RERASI BBy AT oREradfs Y Oaccess
takes the 0 s for Lxel and executes in parallel operations
25 on o FORHE! Fapragany e B Mt eBhY IR SH TR et Rt rBrsCBSHol o o
the qxpl oAl AOMaLb il 101 ibal bl RelbAnBRRLACALLRNS | Vol ves
mani pul ati ng coordi nates of pornts 1n

multimedia extension registers MMO0-MM?7 and the eight 128-bit multimedia

extension registers XMMO0-XMM7 without polluting the caches. Moreover,

these instructions comprise the ability to prefetch data before it is actually

used. The intended advantage of packed floating point instructions is the

20 acceleration of 3D geometry and graphics, the acceleration of 3D rendering,
and the acceleration of video encoding and decoding.
In one embodiment, the Single Instruction Multiple Data (SIMD)
technique is used, but the invention is not so limited. As previously
discussed herein, this technique speeds up software performance by
25 processing multiple data elements in parallel, using a single instruction. The

128-bit multimedia extension registers 412 support operations on packed

single precision floating point data types, and the 64-bit registers 410 support



2 5 oci zoo2 -37 space. Using this technique, data parallelismis ezﬁl ‘Ei[tlﬁ’h‘il
by executing the sane operations on a given coordi nate or by execut & he
_same operations on all points of the space. The instructions disclosed
herein allow for the parallel conversion of 5 nultiple single precision
floating point color values to a specific integer format. One application
described herein, but to which the invention is not so limted, uses the
conversion instructions for the paral I2§I conversion of lighting function
data in 3D graphics. Figure 16 is a_fl“wchart for the lighting conputation
in 3D geonetry in which the instructions of one enbodinment 1 0 are used.
Qperation begins at step 1602, at which a light intensity is conputed. A
light color value is conputed, at step 1604, for each vertex. The |ight

col or val uspdrationsivrfaetled quiadeatel dak itygesp ot bitd, avdral, ahg dubleheser ddar mat,
at step 1606, wherein floating point color values for red (R, green (G,
and bl ue (#Bpesollbis gppmankns ssed becarseendeBD graphics agdrdigitalisignall 5 Fi gure
17 is a flowhart for the parallel conversion of multiple color values from
a singl e prresessiog (PSBarppdicptidons have eharacerdstigsecoinhprsing dgefolloeringt of
one enbodi nent. COperatijon begins at step 1702, at which a nunber of col or
conmponent sinhgrently paralley padedynernarange kansedipatingippisgibased; sfgudaset of
128-bit registers. The floating point data is staored in the 128-hit
registeérs e 5 -G HE L BKEROTORFREES PREERN B0t BedIeoPC HEHPBRRATALIPAS t he

floati int f t ted t | I , nmb ,

| nt eger f OPHRYTET OBy 5 T de R npePEn iR SR BG¥: ormat are pl aced
i t | t i - b i -1 6. Th
ntoger data | sega: SlitodtneRecabnP 2B i0undElb AER il B RVMEY T
col or  conprRay %r@??o@iﬁ%@?@i\&{jof FhiGRedh Pbxcﬁfecﬂg R dress 0P 128-149¢ aphi ¢

using the nunbers fn the integer format fromthée set of 64-bit registers.

I n one enbegdidteRt XMNIe- XMy helipadest $28-bitedeh. dh driteernBBUEhEAE tRE the set
of 128-bit registers represent values in the sane col or plane. 250C¢C

T 20020 3frintipladatl typensft theclPgdsii menitimédia extdration oagisteents2 igraeach of
the registers of the set of 128-bit registers represent col or conponents
t hat def i npackedddinglegfreaisphrx Bbating point operand, specifically four 32-bit single
precision floating point numbers, but the invention is not so limited. The
corresponding multimedia extension instructions access the 128-bit registers
412 directly using register names, but the invention is not so limited. The
15 128-bit registers 412 may be used to perform calculations on data.
The real-number system comprises the continuum of real numbers
from minus infinity to plus infinity. Because the size and number of registers
that any computer can have is limited, only a subset of the real-number
continuum can be used in real-number calculations. As the subset of real
20 numbers that a particular processor supports represents an approximation of
the real-number system, the range and precision of this real-number subset is
determined by the format that the processor uses to represent real numbers.
To increase the speed and efficiency of real-number computations, computers
typically represent real numbers in a binary floating-point format. In this
25 format, a real number has three parts: a sign, a significand, and an exponent.

Figure 5 is a binary floating-point format 500 used by the 128-bit

multimedia extension registers of one embodiment. This format conforms to



I n one enbodi ment, the CVIPS2PI instruction previously discussed 5 herein
is used to convert the color conponents in the floating point for mat %GCT 2002
.color values in an integer format, at step 1704. Figure 18 is a data fl ow
di agram of the parallel conversion of graphic color data using the CVIPS2P
instruction of one enbodinent. In this enbodinent, it is necessary to clanp
the value of floating point operands used in conversion of graphic color
data 1 0 to 8-bit values. This is necessary because sone of the data
mani pul ati ons woul d create neaningLes§3values if the floating point data
was greater than 8 bits wide. Using the CVIPS2PI instruction, the step of
converting, step 1704, conprises converting 1810 first and second 32-bit
color values located in the 1 ~ lower 64 bits 1802-1804 of a 128-bit
register XNMIEEB dtaf@drdanthe 8pensnB2-Dbinaty WRARIS tHA ihARatdd B@&HuHBETRL -
Followng this step, the third and fourth 32bit col or values 1806-1808

| ocat ed i ipdsheval(err egabivie1pf Thgighdfcdlid 50€8hS 10D pdidDaal-bitHihddyed into
the lower 64-bits of the 128-bit regi ster 1802-1804. The third and fourth
32-bit colintegealb(8salan eefeoredetrct adttted-thilyi ard], aninboy fiakti8A-530t 1A ddhewnbers in
the integer format. In one enbodi nent, the aforenentioned steps are

per f or med enapodiandntsf thehrleid 5088s biot explititlyaepredentediing inbterdiin aone 128- bi t
regi ster XMVO conprises data for a Red col or conponent of each of four

pi xel s2 onBpiEgl vrluer ebhes exponamb0ddamr bisary integer that yepresentscibiedase-2
conmponent of each of fqur pixels, d. one 128-bit register XMW conprises 2
5 data foPoVVe RewdithhFhe sigpdiemd g&’ Bd@KEsf four pixels, but the invention

o o) ks B AL IR SR PRl 2 LR ot R
OCT 2002 - i - hPE 1 i
CET 2902 8 MDD BRI GG REE P19 0018180 LA gD Lo

froma fi rtﬁ%o@%@‘l@j’,twhéﬁiﬁwo MY feﬂs@siéﬁ{ﬁ%nﬁﬂﬁQLSBﬁ,%{cﬁBﬁrlZMYp’th@nd
placing the third and fourth 32-bit nunmbers 1816-1818"in the Integer format

fromibe frhosttsigRBicanbbit (MIB)SUFie BMYBPOF thapagieantSBitld dta tpgé 8f 8he MMB. The
first and second 32-bit nunbers in the integer format froma second 128-bit
regi ster Xwiiodineerd lases conserutivierrdefivbrpi dddregdes] erhdvdih tlendrddring bs rd and
fourth 32-bit nunbers in the integer format fromthe second 128-bit

regi ster XiWe emdéam|thebis, ithe hytesuwith the-lpiver mddiresses amviess Fignificarnt and
second 32-bit nunbers in the integer 1 O format froma third 128-bit

regi ster XRRR the ypesawdid the higher eHAB%ESEt register MR, and the third and
fourth 32-bit nber,s in the integer for fromt third 128-hit register
XMV are pl aced §§RTHIRE XTHIS 65t ?laa?tgtggf RThe B8 ek revRedlarboa: ment ,

125- o} 0 r SPERIFE R oy WP e et LBl Oy R G e
(not  shownp,,oand, Lh&st Mddbsand sHaUbERG 32188 b tab&r 5ioHB bt %?—Eaﬁga%l?:eﬁ(sor nat

fromthe fourth 128-bit regi ster?gre pl aced in an ei ghth 64- _register
(not  showthoddBustiePirffentidneltdt ke, limied, TH8dagefpeaddrespons idifktly

mani pul ating the contents of the set of six 64-bit zegisters MVO MVb
wher ei n t hte the single-precision format in the IEEE standard. The fraction part of the
significand is encoded. The integer is assumed to be one for all numbers
20 except zero and denormalized finite numbers. The exponent of the single
precision data type is encoded in biased format. The biasing constant is 127 for
the single precision format.
When storing real values in memory, single-real values are stored in
four consecutive bytes in memory. The 128-bit access mode is used for 128-bit
25 memory accesses, 128-bit transfers between the 128-bit multimedia extension

registers, and all logical, unpack and arithmetic instructions. The 32-bit access

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



2 0 mani pulation results in each 64-bit register conprising the col or
conponents that define a pixel. Specifically, in one enbodi ment, f ol bWl
.the step of placing, step 1706, each register of the set of six 64-bit

regi sters MVMD-MVb conprises data for one col or conponent of each of two

pi xel s. Therefore, the step of assenbling, step 1708, conprises a |ogical
conbi nation of the first three 2 5 registers MO M2 of the set of six
64-bit registers, wherein the conbination results in a first conbi ned
64-bit register 1850 conprising thr ee28-bit col or conponents for each of a
first 1820-1824 and a second 1830-1834 pi xel, wherein V250CT 2002
-40 the three 8-bit col or conponents define the color of a pixel. The
contents of the first conbined register 1850 are placed into register MMO.'
The | ogi calultiomdsliaaitension registeanbadid réharitomptic Sestrpetidws. niThg 6d-titt wi se

| ogi cal OR 1899 of the contents of the first MO and the second MML 5

64- bit redresserQdeistuserefor dderit mrmery petessdd-bititraesfersihetweemilsel2bgi cal
OR instruction performs a bitwise |ogical OR on 64 bits of the destination
and sour cBltgpeiamgdinpytensiaetegisiery e plliagithmetirenstrvations. rigedt er. Each
bit of the result is set t i f .correspgndi ng bjts of both operands
are 0; ot AEERP é%gll?wgat;ptalfgp fhe Aﬁé}gft\/mtlwa%8¥t%654qr’srecgl‘ﬁ$ﬁrsperforrred of

the result of e.first,.1 Q | ogical eratign 1898 and the contents of the
Chirded-bit rdBFdnabifsen s LB PBE AP TR ges Paafaéspno%ae ations is a
first confj 4- by st .. C s e 8- hi I onents
for each BPeayre e bR 7 e SRS B R pl e oo et R eBfeF AT

| ogi cal C@M@&Fab@ﬂ?ﬁj&&%@%ﬁw Pdckbh &l 38 epRehidY, %@Flarzﬁlél.e@_i%ﬁ&r@ MVB- Mvb
of the set of six 64-bit registers MMO MV5, "wherein the conbination results
in a secosifoweithe padk&ﬂixmttudtﬁgissdc}ﬁraﬁag%m@@slani Sf BgeranEiee Mgt 7 col or
conponents for each of a third and a fourth pixel. The | ogical conbination
of the seshowstthe gealaegnstitectiord\Bpddubingfomotiee brisd dignefitarcopgir iof éise two
performng a bitw se |logical OR of the contents of the fourth M3 2 0 and

t he fliG t hopkyarels; bort sqaday sperasionsuthe theee mpgrericomponerds fsmnl thaifiret. A
bitw se logical ORis then perforned of the result of this third | ogical
oper at i onoP8TNchate Passedofirensh tafthe lestinptipneAlemativglstibe thas ugper
result of these two | ogical operations is agagcond conbi ned 64-bit register

1852 conpFPRARGERH BEYRDHFEOEEt I &TIpInént AR memAYt PR8Nl fourt h
pi xel . 2 5,.The,cont ent 0 ' register 1552 ar | aced
"o 1 eqi SUERCHRE * 1aoi¢ kphefall EHod SHTRARN LRSS s BBl oReg oo
mani pul at gdqaligng with the R, G B data of a pixels, wherein the two
remaining 8-bit slots 250 CT 2002 -41 of the conbined 64-bit
regi gters wil | Te@MRGHSRtibh3 T RMHeCaRYod@hant 6miptReCH ShasioPdcRe Bingk. | N
one enbodi nent, the CVIPS2PW i nstruction previously discussed herein is
used to cPaydsiont MidatiakoPoie@ (PHIEFRS instruktiohl OBié SHPPBPHtinétetiedn 0 5
color values in an integer format, at step 1704. Figure 19 is a data flow
capable of shuffling any of the packed four single precision floating point

numbers from one source operand to the lower two destination fields; the
upper two destination fields are generated from a shuffle of any of the four

20 single precision floating point numbers from the second source operand.
Figure 8 shows the packed shuffle operation (the SHUFPS instruction) of one
embodiment. By using the same register for both sources, the SHUFPS
instruction can return any combination of the four single precision floating
point numbers from this register.

25 In one embodiment, scalar integer or memory data may be converted
in parallel using the instructions provided herein to a packed floating point

format. The packed floating point data is manipulated to provide the graphic



di agram of the parallel conversion of graphic color data using the PS2PW
instruction of one enbodinent. In this enbodinent, it is necessary t

the value of floating point operands used in conversion of graphic color
data to 8-bit values. This is necessary because sone of the data

mani pul ations 1 0 woul d create neaningless values if the floating point
data was greater than 8 bits wide. Using this instruction, the step of
converting, step 1704, conprises converting four 32-bit col or conmponents
1902-1908 |l ocated in a 128-bit regi_st_%f "XMMO to four 16-bit nunbers
1912-1918, or color conponents, in a 64-bit 1 5 register MO |n one

enbodi nent, the aforenentioned steps are perforned for each of three
128-bit registers XMVMO- XM\2, wherein one 128-bit regi ster XMMVO conpri ses
data for daRedsarbiroBDcionpgmeendarfingadbllofvihgumapipxédtion,ohe paz&eli t regi st er
XMW  conprises data for a Green col or conponent of each of four pixels, and
one 128- bflpatingipsiet gramrice dapr Rresomieried in pardielesing dhe ndredimpsnent  of
each of fqur pixels, but the in\(entio? is not so limted. In an alternate
enbodi men ?Scéﬁ%eﬁlulﬂ%rﬁlrl%am%k%gﬂ&e@éi? erort sHegwRackasindeggirdata are ase@ar ency

data f h of fo ixels. | h |t te enbodi , h
Catstor B Tendzaromags SEPIsn. M SUthy R ARPLICRIGN SORp RS A 28R for the
| t s,.of i.xel . and h i st t t of th 64-bi t
¢ ogt stor PGSR exferfhidh ragfics SRR inr CuBhinaE & At bt i no &
ixel . Th : ' 706 i ses. ol aci he f 16- bi t
0 XL TRl DL e SRl 001 POIDEL 2GR MRS AL L AU 10011
2 5 O C Tirg@R&tiohd ifN&SRb/MRior Wi%@cﬁ@?%iwtor el dst ildribnk egi ster
128- ster XMMO conpr d

MMO corresponding to a first bit regqi Ises the Re

conponent THabatHeOmseA ofs $0Bhe RIXBbSmentSEsAPRBisb4odiviersieai int8UcHibhs
corresponding to a second 128-bit register X conpri ses the Green
conponent thtatsaipport packedintl sealaowonpiexstdss batvieen the 128-HitGhubtimedgi st er
MW2 corresponding to a third 128-bit regi ster XMW conprises the Bl ue
conpdriént extensiohoregasiets afd teithelr dhe Gé-kiélrsultbuediahextensiont inbegers not so
limted. The step of assenbling, step 1708, generally conprises

mani pul at Fegistereot i d4rbit bitegarel A8t registers ee 64-bit regi sters MVO- MR,
wherein the 1 Q, manipylation results in two 64-bit registers 1998-1999 that
each conprise %&’é‘récﬁp g?o‘tf%ﬁffﬁﬁtfﬁf‘éra FegIstees FiRPied byrtheigsistsidilg 150 one
embodi ment , jt.he nmani Bul tion conptises the.logl _é gorgbi nat%dof t.wo

regi sters M SEPPRE e COBY SH PR AL 9 regfi % PS s ,Hﬂﬁrétr ein the
conbi nat i res: 1l I [ i

Cogi stor . TRACREIE Ty SyBpLn oM SRy LAY MR R AR B,
seconds 8- Bitko&OlRiste AP Rt64L i rRakin&diadextérndibn 2Bshisfers o6RDE sBt ¥l , and

t he second conbi ned register Mvb conprises a first and a second 8-bit col or
conponent phekedsielgloprecidibhritbaant pofmukpidtdrs00b, oAl dmettiiiedsd 64- bi t
register MMB is generated by perform ng an unpack operation 1920 on the

| ower 32 bktemsioh tdpgstets, itGhebintvetiOnriegicstserlitvied. wirepee rented itrtentd

conbi ned register MVMB conprises a third 8 bit color conponent for each of
the firstaapdesevslyalistvased. hexetrodhe packembintegenregisters ¥ swpgrbaalised
generated b E_I(larform ng an unpﬁ%((? orgeratj on 1922 on the upper 32 g,uts of

t he thi rdoéﬁl ecmeéfg‘?ré’t%ﬁacm,t SRI8T FeBISELTP GG rthA SYBNEH RSP &% St Mvb
conpr'ées a thiergg' 8-bit fol QP52 onent 2 5 for each of the third and

f our 0 pi T&§ SVeERian 15 BaF £9, H8he enbodi ment, fol l owing the step of

pl acing, step Jffngqion%gggoéexg%%h%ﬁcﬁ%B%@-@gg %&r%fspgp\aﬁneg ?04&19(4 {‘egigt%ssé@f-s

conprises data for on
906 of the register file 150 provide an efficient means of converting between
SIMD floating point data and SIMD integer data during data conversion
between the registers. The conversion instructions comprise, but are not
25 limited to, a Convert Scalar Integer to Scalar Single Precision Floating Point
instruction (CVTSI2SS instruction) 910, a Convert Scalar Single Precision

Floating Point to a 32-bit Integer instruction (CVTSS52S] instruction) 912, a



col or conponent of each of four pixels. Therefore, the step of assenhling,
step 1708, conprises the step of assenbling results for the Red andzéHHH%WZ
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, 5 Green, and Bl ue conponents to formtwo 64-bit registers, wherein
each register conprises the data for the col or conponents that define each
of two pixels. The step of assenbling the results for the Red and G een

col or conponents of four pixels conpyﬂées_perforning a bitwise |logical OR
of the 1 0 contents of the first MMO and second MML 64-bit registers of the
set of three 64-bit registers. The resultant 64-bit register 1950 conprises
ei ght 8-bit nunbers, or color_ conmponents, wherein four 8-bit nunbers

conpri se §amwerblreneatRégalgl YngtoRmisian Meatieg Robit footealai 32bst and f our
8-bit nunmbers conprise data for the Geen color conponent of each of the

e o e
First o thieeredp SRekEqmingr Pircited Fifting Boinkdrgiracriadoaatitbin unpack
Coner 52 BYERgron ) alEPRIR TR e e et ity B B Bt e Tackre ot

comporont 2t infB Hittudidh, fCTITSRPT Al dicty 9207t Marfif PR one

pi xel . An cinpRSKPIORGERICHBR 9o @6&%@% 4t TR PAK| G- QBB ORI Al of r om one

regi ster and one operand froma correspondi ng location i n another register

and pl aci v bRSIPE pestaneisore 9nb Mtasctanmtajruag&tétmkearsiﬂgl@ap&c% ation
(unpack high fromword to doubl eword) 1954 is perfornmed 2 on the upper 32

bits of t HoatixsgiPoamit tobRadlted BRditsIreegdiOiBtriuatipn (QWEIRE23¥ dasuctdoid) ned
64-bit register MVb conprising data for the Red col or conponent and the
G een col 828conponent of each of a third and fourth pixel. 250 CT 2002
-44 The step of assenbling the results for the Blue col or conponents of

four WPxel s corfdya SeBveRrIGian hgessr hpedar ebelalremsicndpaating Reirt om wor d

to doubl eword) 192 Lower 32 bits of the third 64-bit register MW
to producén%r%‘mqlﬂ?gm%1%54!‘5?"{09) 'OS?QPHWW%HQ@%&?@ signedhe

Bl ue 5 col,gr._.conmponent of ch _of fi.rst and seco i xel . .An_unpack

oper ati on SCUHbIRE: BReF PR oreeE s e soa2 LA S PragR' ne
upper 32 BjL$i:8f 548 Al 6 i & i ].[\/gﬁ . onbi ned
64- bi t retgﬂlc%lt\:%é1 Wk}gﬁ_conp??rs'i %@ g?é}%]%%)%EgLoe_ ﬁ%ﬂég{oggyggnn%g%g%@%&each of
a third and of Uil Bf ¥kt ol 193-Dhensli€meaia PhiRRSRG ﬂegg@éﬁa@oet he Red, Geen,
and Bl ue conponents to formtwo 64-bit registers 1998-1999 conpri ses
per f or fi N leeratistlyl, ahe VTSR SE%4traktibhed 10i dosiveMta sigtetiB2-bit Mviegeenbi ned
64-bit registers to produce a first graphic register 1998 and performng a
second | odgimal mERII2A® abirtgle precisinh ANBting pdinuntumbdvbwihentinnde Gagle t

registers to produce a second 1 5 graphic register 1999. The first graphic
regi ster PISESEENIPAtiRs POiMaRUBDESE i sioredt in a register of a set of 128-bit

multimedia extension registers 906. When these conversions are inexact,
rounding is performed according to the contents of a control and status
20 register.

Figure 10 is a flowchart for converting a number from a scalar format
to a packed floating point format (the CVTSI2SS instruction) of one
embodiment. Operation begins at step 1002, at which a number is stored in
the integer format in a register of a first set of architectural registers in a scalar

25 format. The integer format of one embodiment is a 32-bit integer format, but
the invention is not so limited. The first set of architectural registers may

comprise eight 32-bit registers, but the invention is not so limited. The



conmponents that define each of a first 1930 and second 1932 pi xel. The
second graphic register 1999 conprises three 8-bit col or conponent s2BHHT 2002
define each of a third 1934 and fourth 1936 pixel. In one enbodi nent, the
CVTPS2PB instruction previously discussed 2 0 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 dafa flow di agram of the parallel
conversion of graphic color data using the CVIPS2PB instruction of one
enbodi ment. Using this instruction, the step of converting, step 1704,
conprises converting four 32-bit color conponents 2 5 2002-2008 | ocated in
a 128-bi t nueghestiarth¥Ni2ger fbauat & tinvenedbet stepOID4 265l 8, nuanbeminothe
conponents, in a 64-bit register MMO. In one enbodi nent, the aforenentioned
steps ar eflpstihgrpmidt fomatacFhefloabingepdagidimatrafgirst embodivvnt is2582T2002 -
45 XMW, wherein one 128-bit register XMMO conprises data for a Red col or
conponent bdff siegenprscision f1gsting BOING fermaig buit the dgventim javnat v hiptiteses dat a
for a Geen color,c nponen% of each of f.our Bi\xel s, and _one 128-bit

regi ster XVOPECHRPPANBEN ARG Stet Oh CRNYRIIRE| OMRIBTAIATERISIOE IOIRAING f our

pi xel s, but e i.nvention is, not so l.imted, In an alternate enpodi nent,
a fourth 5%385 E‘tﬁéﬁias‘f%r}tr(?lnﬁd §Wgﬁfe%§r’c%F?%%ﬁPgéh§M N THE for
each of four..i : ef. e : ' ..ea r egl . of a
et of t hpsatisaSeify HREROR R, EBA R ERERREDL by e SEBEE I
of a pixel ; : | r: inS -Pi LB y
conpri se ctlbé? gltag 8?3%&%%@& sgl%%gggnzghgggt?ig{ g?ﬁ?ﬁ‘ﬁ% %f?‘ggiﬁltt@dltﬁfaﬂgt ep of
placi ng, sbeBteld Wa FeXRAI f6HHaDlAGI01008e ThWtle EmbbEiniere) e sec@hdcset or
conponents, "in the integer format in a 64-bit register. Therefore, in one
enmbodi mentof aacliteéttirad4episters @gngirises g CIRBFIsis pogidieny Hiud thefinvehtid®® bi t
regi ster XMMO conpri ses the Red conponent data for each of four pixels, al
5 secbfid 6wtlsotlimegdstEre Mep afoplackygpthdi mgmber in thacfoating pobntt formgit dner
XMML conprises the Green conponent data for each of the four pixels, and a
third 64- 5 tegissefi of asesavr sefrafeaspbitestuipl resisterhmay corspHpe Prasiisthe  xvwe
conprises the, Bl ue copponent data for .each of the fou i xel s, but .the

| ] r
i nvent i on TTMPeR insthe flapting porniptofmat dh @ploytesh seament phthestegpster aad

general ly conprises _nmani pul atin he_contents, of th f ree. 64-bit
oqi st er & FURLSENAES CRRET SPRTERY oA adtatel Bef e el i g st or
2098- 2099 xﬁﬂasto ﬁﬁﬁggcorrpri se the col or conponents that define each of two
pi xel s. I none enbodi nent, the nani pul ati on conprises the | ogical

conmbi pation of ’FH’@CE)EQE&Fﬁ*a?arWQgM\@re%is_%rQFlda@i‘?lgS%ianco bIBesit GAtdpet
regi sters MO- MW, wherein the conbination results in a first and a

second MVBng@ubiioe dCOAFIS2E] ieghsdtion) J2econivests thertbastedgmifighst singldM
conprises a first and a second 8-bit col or conponent
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, rounding is
20 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 (CVTTSS2S! 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

25 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.



2 5 OCT 2002 -46 for each of a first and a second pixel, and the seggm@rzﬂz
conbi ned MVb register conprises a first and a second 8-bit color conponeng
for each of athird and a fourth pixel. Athird MM and a fourth MVb

conbi ned 64-bit register are generated fromthe |ogical conbination of one
register MMR of the set of 5 three 64-bit registers and a fourth 64-bit
regi ster 1910 containing logic zeros. The third conbined regi ster MVB
conprises a third 8-bit color conpongﬂ% for each of the first and second
pi xel s, and the fourth conbined regist®er Mvb conprises a third 8-bit color
component for each of the third and fourth pixels. 1 0 A | ogical

conbi nation of the first MM and third M3 conbi ned registers results in a
first 64-bit graphic register 2098; the first graphic register 2098

conprises threfiguli 11 G0A GlovediRo faNéch298Ag ahakmBet ftna SAIKRH atthd i 1 st
pi xel and three 8-bit col or conponents 2032 that define a color of a Second

pi xel . A bogitcilrmaortbinatdlon feafmathehe CGTESIGEarah € VY DIE3AS] MvEtraemdrig)ed 1 5
registers results in a second 64-bit graphic register--2099; the second

gr aphi ¢ r efoseemizgitnaunmidpersiontbeging abstepcbl0dy atwipdneplsraddg4Hft hat
define a color of a third pixel and three 8-bit color conponents 2036 t hat
define a Bur¥Persfare stasgdtin thextoatingpaintdoreahin e registeli oktite, sesand sef t he
conbi ned registers mily conprise twg 8-&? transparency conponents for each
of the coPf 8spuitWRl Zegisiargdn @ Pagieedeittmadf NN embRAEmeRyiferer s may

COI 152, S0l ARZAY DY GCORENTEL) ERLLSSBRIG 00,1 00D Leprosent et
| 706, i f .th t. of _th 64- hi i St . i

00 | SeC e o Ao, Rkl o b PP S B comr Lo,
2 5 as5eg%'ré&&onsﬁ@ﬂi%%%%mtc%f}(%t?ﬁﬁt HRE 1158 io‘?{ PRSP LN esy ke for the

Red and een color c onents o our pixels, e step of assenbling

resul ts femydBningethe0deebn g AEP R QRES ttufad HegBte 8 lcO mpids tdieh S APLAf
pi eci ng together the 250 CT 2002 -47 Red; Geen, and BlUe conponents

to farin t wegibterdibutr @i iflentioRQ9 o2 399imiveer eDne @dahe ptgiaitgrofaaiabeses the
data for the col or conponents that define each of two pixels. The step of
assenbl i nin the floesogtifibforret Rembraedted; et ntepol i, fo eampobenirstief  f our
pi xel s conprises perform ng an unpack operation
integer format. The integer format of one embodiment is a 32-bit integer
format, but the invention is not so limited. In one embodiment of the
CVTSS2SI instruction, the step of converting comprises accessing rounding
15 mode bits from a control and status register, and rounding the number in the
integer format according to the rounding mode indicated.
In one embodiment of the CVTTSS25I instruction, the step of
converting comprises truncating the number in the integer format implicitly
according to mode bits in a conversion instruction. The truncate operation is
20  thus implied by the conversion instruction, and the processing time required
to access the control and status register to determine a rounding mode is
eliminated. Typical applications perform floating point computations using
the round-to-nearest rounding mode, the truncate rounding mode is
generally employed when converting from floating point to integer.

25 Changing the rounding mode typically requires changing the rounding

control in a control status register. Encoding the truncate rounding mode in



(unpack low frombyte to word) 2056 on the contents of the first MMO and
second MML 64-bit registers of the set of three 64-bit registers MG R0
.The resultant 64-bit register 2050 conprises eight 8-bit nunbers, or color
conponents, wherein four 8-bit nunmbers conprise data for the Red color 1 0
conponent of each of four pixels and four 8-bit nunbers conprise data for
the Green col or conponent of each of the four pixels, but the invention is
not so limted. In one enbodi ment, the contents of the resultant 64-bit
regi ster 2050 are substituted for thezPrrst 64-bit register MMO of the set
of three 64-bit registers MMO-MM2. An unpack operation (unpack | ow from
word to 1 5 doubleword) 2052 is perfornmed on the lower 32 bits of the
resultant 64-bit register 2050 to produce a first conbined 64-bit register
M4 conpr ithengstdat@on avotdieupadtinglthe s@&ﬂi@&@gﬁteraj&ahb@ the esiin&iglgor
component of each of a first and second pixel. An unpack operation (unpack
hi gh frommodd specitiedideder ihstA05ibn svererdesrthedtatns trbgistippettid® bits of the
resultant 64-bit 2 0 register 2050 to produce a second conbi ned 64-bit

regi ster MVb cohipr heinbgrdatthe fintegendoiRaat isgblaced omporgisteranfthehfirsGseten
col or conponent of each of a third and fourth pixel. The step of assenbling
t he resul tof arehiteqiarad|rggistessdn acwaporfonmat.oit stepud 105 xEhe fisgirast o es

per forpgi ng .unpack operation (unpack |Jow frombyte 2 5 to word) 2058 on
Phe cont erENGFCHIFAl TeRIerSeAak OGRS PRt AP 1A T BieEh - tinyvegiien éy MvB
containiggéquiﬁaLﬂ%fros. The resultant 64-bit regi ster 2060 conprises four
8-bit nund&'s gt e the data for the Blue conponent of 2 5 OCT 2002

- h of th ' i -

cesul tant sabi tTHegPRr et Lws aBE IRERRE TR Ked SPEE TR el bt R ogi st o1
MW of th [ ' [

Lumpack 1w Tt A (T S5y P e S B8, BT 52 i1

of the resutdeans fz%n@!r@i-Bitrrﬁﬁlt&h@ﬂia%’:@@hsibh%&é&|ihtégErtrE' isRRRAkorQR) aces
the contents of the fourth 64-bit register , Wherein the fourth 64-bit

regi st Or NbBstrudghi¢ieant bﬁ%sse patcsivoxflodttn BpointcohmbeenPhs eiriglefpredieiorof a
first and second pixel. An unpack operation (unpack high fromword to

doubl ewor d&)atir@ppoird rpenbersna placedan @ppf-bB 2nbltirsedia ¢xtensionukgmgr 64- bi t
regi ster 2060 to produce a seventh 1 O 64-bjt register MV conprising data
for the BI9%S. cWihgn dGmamYERtiopfis da@rrchfroanding ds pRAHOrwedtarcprdiag. toThe st ep

of piecing together the Red, G.een, and Bl conponents. tg . formt 64- bi t
registers C%@@ims%%ﬁgé%@r 6’@‘?‘6?‘ﬁ4"r?§yauﬁ'rer YPPELHI e fieToRCcanBuE efhe

first Mvn'anfg\f?tfri r.d gI\/B con‘gi ned 64-hi,t registers to produce a 1 5 first

graphi c r d8i CESISIH88ORFGE LT e FHEL second | ogi cal OR 2072 of the second

MVb f th i - N, te ' : hi
ang four %r{&ﬂ'@% Q%x@ﬁ]:lxapr'ttrof By E‘&%ﬂgg{r?%?ﬁgﬁgaﬁ ﬁ&&& i Q§§e9 o~

regi ster 2099. irst graphic register ree col or

conponent st Rak 188 patked it g Polnt Dm0 3theAQY T3P ehstB34idH) 67 onelhe
second graphic register 2099 conprises three 8-bit col or conponents that

define eacdmBofireénta Opéfatic20B<pinndt sepr 1202288 hitxelfirsMpidralityhef pr esent
i nvention has been described with reference to specific exenplary
enbodi mentmsymbersiin thebiategerdonmat hed stoaed dus negdhitds ofa fiostsseawd changes may
be made to these enbodi nents without departing fromthe broader spirit and
scope of tarehitacneli regiserssiota pocked formafe k1 anerembodBmaman¢ofid aginybers he
speci fication and draw n%s are to be regarded in an illustratjve rather
t han 40 esatej stpreseins tipstteger 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

25 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



2 S OCT 2002 -49 CLAIM5S 1. A conputer inplenmented parall el processiggﬂmmZ
nmet hod for converting a nunber between a floating point format and

. nteger format, conprising: storing a nunber in the integer format in a
regi ster belonging to a first set of architectural registers in a scalar
format in which each register is intended to store a single nunber;
converting the nunber to a nunber in the floating point format; and placing
the nunber in the floating point format in a register belonging to a second
set of architectural registers of a_pé%ked format in which each register is
capable of storing at |east two separate nunbers at the sane tine. 2. The
met hod of claim1, further conprising: storing a plurality of nunbers in
the floating point format in a register of the second set of architectural

regi st er s comprites Ragdssthg £ ingCMRIItHIBGinOR RoRirol BRJ l%lté%ﬁéﬂrie%i)été?f afynbers
to a nunber in the integer format; and placing the nunber in the integer

format i nreunégigsther nembeanftheslogtig Fbir&ﬁ@hiﬂa&‘a‘tb’é@ﬂin?Q@itﬁbeﬁnH'ih he
scalar format. 3. The method of claim/[, wherein converTing conprises:
accessi ngcomtrobbitg drieast ot haniberancbetfiaitirs pdive forghsiseplaceddn moundi ng
the nunber in the floating point format according to the rounding control
bits. 4. Tegisteeohedeopndisat af archifectsrhregisters in agacked Girmdigatpitapal ity of
nunbers to_a nupber in the integer fornmat conprises: 250CT 2002 -50
accessl ngl2¢undhagtAered ane sumbes ip dho dlosting peist formebmayagampusndiveg t he

e SR B3Pl Sy Secordl g Lo, 8y r Qe ng pmde Ll cated by he
a truncat g 10dfset 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
10 comprise placing two numbers in the floating point format in a lower half of
the register and preserving an upper half of the register unchanged, but the
invention is not so limited.
In one embodiment, there are several variants 922-926 of an
instruction that converts packed single precision floating point values in a
15 128-bit multimedia extension register 906 to packed 32-bit integers stored in a
64-bit multimedia extension register 904. The first variant is the Convert
Packed Single Precision Floating Point to Packed 32-bit Integer instruction
(CVTPS2PI instruction) 922 that converts the two least significant single
precision floating point numbers from a 128-bit multimedia extension
20 register 906 to two 32-bit signed integers. The two 32-bit signed integers are
placed in a 64-bit multimedia extension register 904. When the conversion is
inexact, rounding is performed according to the contents of a control and
status register.
The second variant is the CVTPS2PW instruction 924 that converts
25 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



6. The nmethod of claim2, wherein the plurality is four. 7. The net?g?wﬁf
claim6, wherein the floating point format is a 32-bit, single prectdi 2002
floating point format, and wherein the integer format is a 32-bit integer
format. 8. The nethod of claim7, wherein the first set of architectural
regi sters conprises eight 32-bit registers, and wherein the second set of
architectural registers conprises eight, 128-bit registers. 9. The nethod
of claim 1, wherein placing the nunber. in the floating point format in a 6.
The met hod of claim1, wherein placing {he nunber in the floating point
format in a register of a second set of architectural registers conprises
pl aci ng the nunber in the floating point format in a | owest segnent of the
regi ster and preserving upper segnents of the regi ster unchanged. 10. A
machi ne- rﬁ@d&@n@eﬁ@@oumh@g&brrgregsltsaﬁeﬂobhﬁgwnﬂahﬁﬂfe@@Iiﬁ%em_s-BH sequences
of instructions for a conputer inplenented parallel processing nethod for
conver t i ngidtveia eatdristan registeoins tbaomaB-tindnrgetNnitesed ih ehetdwet B2
sequences of instructions which, when executed by a nmachi ne, cause the
machi ne tbit foddwadra 64bitumétimiedia ketenstoegesgidter f@d. Other psssblereatidmnts a

regi ster belonging to a first set of architectural registers to a nunber in
the fl oatinsdudeintegeorise; anddgvordsesionnef conversia instrctinmsbidat i n t he
floating point formpat in a register belonging to a second set of

ar chi tect BpaIate Qaicgitér*% IDIRERET Py ME S, BgPettarelys di vi ded into at

| east two seg t eac egnent_ bei .ca | e, of oring.a.nu r. 11. The
machi ne-r eadagﬁ E‘e?%feﬁ‘(ﬁ#ﬁuﬁf%ﬁﬁ af%gga}@g&aﬁretcwéoq %i?artmﬂg CoiRt %ﬁfﬁ%gl
conprise Lfstr i ONS._causi ng ine, to.pe m.t he .addi ti onal step of
Foundi ng THe AR R EORNCT EREBEE B} SuRl 528 Tohlfns 466 3 Basti ng
field of : | J: t i : : HB&ERI REAT bl.e e f
claim 11, aﬁgﬂéea{ng séﬁ%l%f#r%g&g%? fo%? mgg'é%lln;[g‘\g ur al 1jrilgréll gfi grggé lgorrprflngée%?ei ght
32-bi t regkhsioh rekter 96 PRGNS B2-Bie sGARUENMBALINTRE Rl MbikZigher ei n the
second set of registers conprises eight 128-bit registers. 14.7 The

machilrie- r padgdisearagslaced 0 acdd4abinrhdltimbéiaeextetdionflegrtén@PpoiNtier! eHarat is a
32 bit, single precision floating point format. 1 S. The machi ne-readabl e
medi um of cahedrmotdis inesact the hesulhtsegencitednmplictly Bizhbit therstegeof f or mat .
16. The machi ne-readabl e medi um of claim 11, wherein the instructions for
storing faeeersingcbrpindiag medefeomonsortanbang states wegistate to store the
nunber in the f| oat Iof{igj poi_nt forrr&it in a | owest segnent of the packed

regi ster of thEIGHE isseflogrchar i lrt orvarting REYIEPET Foana Racked laatigd nr ee

o T S e

i nmpl | i B y i A i

o e and S TR RG Ea RO TArNAL, TR SOt ek B a T B,
when execgd@phdoyliallBE BF RRmISaY $8e kst HBANNAE1ding point format in a

register of the second 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
20 a 32-bit single precision floating point format, 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. At least
one of the plurality of numbers in the floating point format is converted, at
step 1304, to at least one number in the integer format. The integer format of
25 one embodiment is a 32-bit integer format, but the invention is not so
limited. In one embodiment of the CVTPS2PI instruction, the step of

converting comprises accessing rounding mode bits from a control and status



250CT2002 -52 convert a nunber in the floating point format that is stored
in a packed register belonging to a first set of architectural regi 38,2002
wherein each register is divided into at | east two segnments, each segnent
bei ng capable of storing a nunber, to a nunber in the integer format; and
store the nunber in the integer format in a scalar register belonging to a
second set of architectural registers. 18. The machi ne-readabl e nedi um of
claim17, wherein the instructions further conprise instructions causing
the machine to round the number in thé2i-nteger format according to a

roundi ng node field of an instruction register. 19. The machi ne-readabl e
medi um of claim 18, wherein the rounding node field indicates a truncate
roundi ng node. 20. The machi ne-readabl e nedi um of claim 17, wherein the
first setrefistercimd ectindalg theghsinbes it ehpinieger éghit 428rdintg pagcked
floating point registers. 21. The machi ne-readabl e nmedi um of cl ai m 20,

wher ei n t heus@ingnmhosletindicased biyt thetronading giadebis.c dnmriesasbed ghent3@f bi t
scal ar integer registers. 22. A conputer inplenmented parallel processing
met hod f otheaS3EMII32g iostroctiennthenstap wfoforgieatng compzrisescionpli¢itiyng: st ori ng
a plurality of color conponents in a floating point format in at | east one
regi ster Blungatingdhequimper e e indpger IR ACKRU NG tRe TUEGAtReMOdEy t he
pluraldty. of. col.or nponents in a floati point forpat.to a . plurality
bt harber sdin G b FEE BRRYGistant Thofris ey Be W3ismbed LI insfudy forknatife i oy
of nunbers,in t.ne |nk [ [ eqisier of ¢ .second set
of regqi sté}gscggﬁht%t%ﬁggggt@%ﬁ%f?p%ﬁ%“%?%é#%??%&%g{so% c8%%%e%‘e%%r§“§for each

of a plurgl ife¥ HoeP PR Hrsk 5OME ARNALMLRAI fekiRrs may comprise eight 64-bit

registers, but the invention is not so limited.
The CVTTPS2PI instruction of one embodiment encodes the rounding
10 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

15 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

20 embodiment, the first set of architectural registers comprises eight 128-bit
registers, but the invention is not so limited. At least one of the plurality of
numbers in the floating point format is converted, at step 1404, to at least one
number in the integer format. The integer format of one embodiment is a 16-
bit integer format, but the invention is not so limited. The step of converting

25 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



nunbers in the integer format in the at |east one register of the s?gpgﬁ-ﬂ
set of registers. 23. The nethod of claim 22, wherein storing the pltur i%V
.of color conponents in the floating point format conprises storing a
plurality of color conponents in a floating point format in at |east one
regi ster of a set of 128-bit registers in a packed format and wherein

pl acing the plurality of nunbers in the integer format conprises placing
the plurality of ' nunbers in the integer format in at |east one register

of a set of 64-bit registers in the “3gacked format. 24. The nethod of
claim 22, wherein the step of converting conprises: converting first and
second col or values located in the lower bits of a register of the first

set of registers to first and second nunbers in the integer format;
shifting thd tetbimiatégrrrfohmabkog plesledds d mgasted of a sebhendipeteof dxichitectiiralhe
register of the first set of registers into the lower bits of the register;
and convefe8ipi§re Hea maicked dprmpb@t sterc e Thg sroondoset toif ackitattimadir t h

nunbers in the integer format. Zg. The et hod of claim 24, wherein the step
of pl aci nEEBIE A COBPAIE i8R hetPit IR, Sut dhel IMNARSEOTSISi Pt | nt eger

f t in.a fi I, st f the. . of i st ; 1d . pl aci

the t hi rUEHETo P IRRIREHER CoPH ST SHeBdar DI GERISte] Moy SUEBnE Falf Lrer of
th .S f isters. 25 0.CT 2002.-.54,.26,. The .neth f, cl ai
25, whor oVl ettt episeeSile e FROIUS! PE8a 2R HRRiPERPIThERTRL s of
the secongh sef v Atidfd sbeks iufgnei n the mani pul ation results in each

regi ster conprising a plurality of color conponents of a pixel. 27. The

method of cl ai Mgabre YN LR WRAGRt FRU BHied vatiadt $8Ed b Shrfvdre@ist ers of the
second set of registers conprises data for one col or conponent of each of

two pixel suner ffbe aphbked dloating Poidt fomher & A pabRed iR gef fResaNhd NY
conprises: logically conbining a first three registers of the set of six
regi st er s MITRIZPBrsondtive). Gparetjpathegins athstepils0Rhat whidh agluality esul ts
in a first conmbined regi ster conprising three col or conponents for each of
a firls® anudmbereeondtyieddh;thedipatinlg poindformanin a registardftafiest seegf st ers of
the set of six registers of the second set of registers, wherein the

conbi nat i 8Fchitestunad registers ér npad@dbiaapty dgi repmbedimiest. fgur musebess| or
ts f h of athird and a fourth pixel. 29. Th thod of clai
22, "fur t haFe Stoe ARitHg TRatE PRIt TERE RtV eBHopHs " conimaed. of
i st in th i pul at ' I egi st f. th d
Gt of r e Eoaiiot b TR Bl dr e BaH hEnd R £ 37AL SRR Bheiiphier ;o a

color of @i lp?iﬁ?@@fﬂ”&é,%g theqmghhxn_qm@mghnh\ée, rgdbsders of a set of

three registerS ol the second set of registers, ereln the conbination

results i Bnibddifreht e frs$860PHakRicNad] FeHL Rk e bomphBES el HistHf St
conbi ned register conprises a first and a second color component for each

of a firstegistbrg actherdnpextbn ivhetsbriimiteds etphdstondiofiele pb@iaditebf
conprises a first and a second col or conponent for each of a third and a
fourth pi xeimbeyenerthe iflopting poind farmatist canventeclo abistepd15®&yits e leashheeei n
the third conbined register conprises a third color conponent for each of
the first rambereigothe Bitrggrsformat. The integer format of one embodiment is an
8-bit integer format, but the invention is not so limited. The step of
20 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 1506. The second set of

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

not so limited. Following the conversion, each 64-bit register may comprise



2 5 OCT 2002 -55 wherein the fourth conbi ned register conprises a t?'rg
col or conponent for each of the third and fourth pixels; logically 0CT 2002
conbining the first and third conbined registers, wherein the | conbination
results in a first graphic register, wherein the first graphic register
conprises j three color conponents that define a color of a first pixel and
three col or conponents that define a color of a second pixel; and logically
conmbi ning the second and fourth conbi ned regi sters, wherein the conbi nation
results in a second graphic registe[;3%herein t he second graphic register
conprises three color conponents that define a color of a third pixel and
three col or conponents that define a color of a fourth pixel. 30. The

met hod of claim 29, wherein each of the conbined registers conprises two

t ranspar efiay &bitpionegurs répreseatihgotheaohitersts odntheal Z8ebRMbpingepoirwher ei n
each of the graphic registers conprise a transparency conponent. 31. The
met hod of registem B, theherwiniorhis soepo difnitehverting conprises: accessing

roundi ng node bits froma register holding a conversion instruction; and
roundi ng the afhpegsvessiennigatiaictions igtainntldgler paralletismaceeon dheggh che

roundi ng rmg g | cated by the ré undi ng node bits. 32. A nmachi ne-readabl e
nedi um havit g"ss(? e iy pESort eodit r?’étpr Qe ?ﬁﬁ‘f?@s@éélfé@féefé’leolfzsblt itp ke uct i ons

comporent BE61! BHIBRICE I Er B S "eglBode IBar St SROR dsebRE AP mbnen
execut ed g%n%n@%% %8nv89t'éaetot gf—bﬁa%%ger élgr'nents2 pgr %ogvgrs%gr(l) %nst?gctlon,
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
10 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
15 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
20 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
25 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



storing a plurality of color conponents in a floating point format in at

| east one register of a first set of registers in a packed format; 250CT 2007
.converting the plurality of color conponents in a floating point format to
a plurality of nunbers in an integer format; placing the plurality of
nunbers in the integer format in at | east one register of a second set of
registers in the packed format; and assenbling col or conponents for each of
a plurality of pixels fromthe plurality of nunbers in the integer formt
in the at |east one register of the sdond set of registers. f 33. The
machi ne-r eadabl e medi um of cl aim 28, wherein the instructions for storing
the plurality of color conponents in the floating point format further
conprise instructions causing the nachine to store a plurality of color
conponent space. aRbstesizatign joitid coHvergion of deddr pegdiicone ihefestdiscbed set

of 128-bit registers in a packed format and wherein the instructions for

pl aci ng t e tpiros af inngtheatinab etementstsuehi ast poimts hodniites, dotdrprivalenpr i se
instructions causing the machine to place the plurality of nunbers in the

i nt eger f omages remposed af pixaleattaghsthat wh ke seredandmbnipulagidsiseseds i n t he
packed format. i r 34. The nachi ne-readabl e nedi um of claim 29, wherein the
i nstructi 8h%IBor converting further conprise instructions causing the

machi to: co vertiqg.fir t and second,col gr values |located in the | ower
bits o a regi SPGRTBPOLRG the tEANgES 1BRt QUG 1o BagES, CAFS VAR Yecond
nunbers in_the integer format; .shiftin hi rd and fourth coelor values
Mocated | RoPRAnGRHEH R PRaBPoRAE ahbl el FOpRa HPlhld e ol o o
into the r~RuLS: : ' ; 1] t.hj fourth
col or val R raOielisdl spA LA bOE TPRor BONRIha Bl 4 vIBle 050 ¢

T 2002 -szuBset iRheeohinGte Sostel it WAl alC ko 29 Yhelcald dier
instructions for placing further conprise instructions causing the nachine

to: 1 i plkagiutdid Mehédeiish @6k geReiRds ALBEstSof 411 Wigblenttogeiati Gigmt Fon a
first register of the ~ second set of registers; and placing the third and

f our tIh0 nuekemplé, ithe redi(R) egeenf(@)nalue (B) accder atdial §BGR)ds thé unhitecidmcond set
of register. 36. The machi ne-readabl e nedi um of claim?29, wherein the

i nstructi enbsdtmf the SEhblartegianueadrdinatespstese The pruposeonta calmgimgdehis

machi ne to mani pul ate the contents of the second set of registers, wherein
the mani p&P #losh cprEgient sReRHEMIORGE SPITS BRI 20TRE @1 BREt: VITWF col or

component T{é}é p%irgia%(lgls are additive primaries in that the individual contributions of
each primary are added together to yield the resultant pixel.

15 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

20 wvalue 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

25 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



37. A processor conprising: i a decoder configured to decode instructions;
and a circuit coupled to the decoder, the circuit in response to at 2®86T 12001
one decoded instruction being configured to: store a plurality of color
conponents in a floating point format in at |east one register of a first
set of registers in a packed format; convert the plurality of color
conponents in a floating point format to a plurality of nunmbers in an
integer format; place the plurality of nunbers in the integer format in at
| east one register of a second set of3¢egisters in the packed format; and
250CT2002 -58 assenbl e col or conponents for each of a plurality of pixels
fromthe plurality of nunbers in the integer format in the at | east one
regi ster of the second set of registers.. 38. The processor of claim 37,
wher ei n t heasoriablé fastaoh) g gliphacinsdonetidhes provialeldt at efchcpiker of gHgponent s

in the floating point format is configured to store a plurality of color
conponent smagea Helingtrompagsitieds sé thatedlong aithl thasRGBnaeluvegoberimagea set of
128-bit registers in a packed format and wherein the circuit configured to
pl ace the tperg i an plpfa vialweels) ¢ntodieg ithe egeeragerateaach pixenfi gured to pl ace
the plurality of nunbers in_the intgggr format in at | east one register of
a set of 64-bi tiyBgildmedia plgamibnpadady pagrhiglismavn bmexploitedsisomasy cl ai m
38, mhgrei, he circui%)confiqﬂred to convert is further configured. to:
conver? fiFERIGHIVALE oBeRASSIVIG XS Mihexeadingntherramefreragions ogralh
register of the fifpst set of registers, tq first and second, nunpers in the
nteger 1 GRARERSRF et pEnha ThGU ARG Y Obiae (R R B She TR ier
bits of t =TeY r. o i : ' j t its of
O A A A T
Fourth nuripps hdIRIRENbOREAS ark A BBEcesSiVe AdireBIRGRASRMARY, &l BFINSS; Where
the circuit configured to place is further configured to:"place the first
and seconcomipdRerss iafe blt® AtdirdessifOndBiedsss, anld §SbnIfedtisd Branef alphe
10 components. All of the components of each color plane of an image must
have the same operation performed on them. With all of the red color
components being at successive addresses, it is easy to grab four elements of
the R plane in a single memory access, and similarly to grab the
corresponding four elements of the alpha plane in a single memory access.
15 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
20 organizing the information for an image in memory by storing the
information about each image so that the three color components, R, G, and
B, and the alpha component, of each pixel are at successive addresses in
memory. In using the multimedia extension technology, one memory access
takes the RGBA components for one pixel and executes in parallel operations
25 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



second set of registers; and place the third and fourth nunbers in the
integer format in a second regi ster of the second set of registers. 75 8CH1002
£ T 2002 -59 41. The processor of claim 39, wherein the circuit configured
to assenble is further configured to mani pul ate the contents of the second
set of registers, wherein the manipulation results in each register
conprising a plurality of color conponents of ai | pixel. r
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registers of the set of 128-bit registers represent values in the same color plane.
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In an alternate embodiment, the color components in each of the registers of
the set of 128-bit registers represent color components that défine a color of a
pixel.
In one embodiment, the CVTPS2PI instruction previously discussed
5 Therein 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
10 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 XMMO to first and second 32-bit
numbers in the integer format. Following this step, the third and fourth 32-
bit color values 1806-1808 located in the upper 64 bits of the 128-bit register
XMMO are shifted into the lower 64-bits of the 128-bit register 1802-1804. The
third and fourth 32-bit color values are converted to third and fourth 32-bit
20 numbers in the integer format. In one embodiment, the aforementioned
steps are performed for each of three 128-bit registers XMM0-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
25 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.
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In one embodiment, the step of placing, step 1706, comprises placing
the first and second 32-bit numbers 1812-1814 in the integer format from a
first 128-bit register XMMO in a first 64-bit register MMO, and placing the third
and fourth 32-bit numbers 1816-1818 in the integer format from the first 128-
5  bit register XMMO in a second 64-bit register MM3. The first and second 32-bit
numbers in the integer format from a second 128-bit register XMM1 are placed
in a third 64-bit register MM1, and the third and fourth 32-bit numbers in the
integer format from the second 128-bit register XMM1 are placed in a fourth
64-bit register MM4. The first and second 32-bit numbers in the integer
10 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 MMS5. 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-
15 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-MMS5, wherein the
20 manipulation results in each 64-bit register comprising the color components
that define a pixel. Specifically, in one embodiment, following the step of
placing, step 1706, each register of the set of six 64-bit registers MM0-MM5
comprises data for one color component of each of two pixels. Therefore, the
step of assembling, step 1708, comprises a logical combination of the first three
25 registers MMO-MM2 of the set of six 64-bit registers, wherein the combination
results in a first combined 64-bit register 1850 comprising three 8-bit color

components for each of a first 1820-1824 and a second 1830-1834 pixel, wherein
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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
5  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 O if the corresponding bits of both operands are 0; otherwise,
the bit is 1. A bitwise logical OR is then performed of the result of the first
10 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
15 registers MM3-MMS5 of the set of six 64-bit registers MMO0-MMS5, wherein the
combination results in a second combined 64-bit register 1852 comprising
three 8-bit color components for each of a third and a fourth pixel. The logical
combination of the second three registers MM3-MMS5 of one embodiment
comprises performing a bitwise logical OR of the contents of the fourth MM3
20 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 MMS5. 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.
25 The contents of the second combined register 1852 are placed into register
MM3. In an alternate embodiment, transparency data may be manipulated

along with the R, G, B data of a pixels, wherein the two remaining 8-bit slots
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herein is used to convert the color components in the floating point format to
5  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
10  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
15 register MMO. In one embodiment, the aforementioned steps are performed
for each of three 128-bit registers XMMO-XMM2, wherein one 128-bit register
XMMO comprises data for a Red color component of each of four pixels, one
128-bit register XMM1 comprises data for a Green color component of each of
four pixels, and one 128-bit register XMM2 comprises data for a Blue color
20 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
25 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.
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C 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
5  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.
The step of assembling, step 1708, generally comprises manipulating
the contents of the set of three 64-bit registers MMO0-MM2, wherein the
10 manipulation results in two 64-bit registers 1998-1999 that each comprise the
color components that define each of two pixels. In one embodiment, the
manipulation comprises the logical combination of two registers MM0-MM1
of the set of three 64-bit registers MM0-MM2, wherein the combination
results in a first MM4 and a second MMS5 combined 64-bit register. The first
15 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
20 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 MMS6 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
25 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
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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
64-bit registers. The resultant 64-bit register 1950 comprises eight 8-bit
numbers, or color components, wherein four 8-bit numbers comprise data for
the Red color component of each of four pixels and four 8-bit numbers
comprise data for the Green color component of each of the four pixels, but
the invention is not so limited. In one embodiment, the contents of the
resultant 64-bit register 1950 are substituted for the first 64-bit register MMO of
the set of three 64-bit registers. An unpack operation (unpack low from word
to doubleword) 1952 is performed on the lower 32 bits of the resultant 64-bit
register 1950 to produce a first combined 64-bit register MM4 comprising data
for the Red color component and the Green color component of each of a first
and second pixel. An unpack operation interleaves data by taking one
operand from one register and one operand from a corresponding location in
another register and placing both operands contiguously in a register. An
unpack operation (unpack high from word to doubleword) 1954 is performed
on the upper 32 bits of the resultant 64-bit register 1950 to produce a second
combined 64-bit register MM5 comprising data for the Red color component

and the Green color component of each of a third and fourth pixel.
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four pixels comprises performing an unpack operat1on (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
5  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.
10 The step of piecing together the Red, Green, and Blue components to
form two 64-bit registers 1998-1999 comprises performing a first logical OR
1924 of the first MM4 and third MM3 combined 64-bit registers to produce a
first graphic register 1998 and performing a second logical OR 1926 of the
second MMS5 and fourth MM6 combined 64-bit registers to produce a second
15 graphic register 1999. The first graphic register 1998 comprises three 8-bit color
components that define each of a first 1930 and second 1932 pixel. The second
graphic register 1999 comprises three 8-bit color components that define each
of a third 1934 and fourth 1936 pixel.
In one embodiment, the CVTPS2PB instruction previously discussed
20 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 CVTP52PB
instruction of one embodiment. Using this instruction, the step of
converting, step 1704, comprises converting four 32-bit color components
25 2002-2008 located in a 128-bit register XMMO to four 8-bit numbers 2012-2018,
or color components, in a 64-bit register MMO0. In one embodiment, the

aforementioned steps are performed for each of three 128-bit registers XMMO-



I FL $10%JU&' () -Z Ys$109%#& () -! Ys$109%PP& ()-i}n} ~~~ }[<"P1
1s' FO#109&' ()-!1 9#109%448&" () - #10%&' ()-! #109& ()-!#10% (& ()- @O%& () 2 5AGIsH
P1
111 $109%h& ()-!13$10%& ()-!' M $10%°P& () -!1 $10%4ECK () -!j1$109BB& ()-!1$10%88&
'()-M 1uSl 1! 3L#10%g[ q[ & ()-! #109%& ()-! (#10%&' ()-- 10%& ()-' ml0%& ()- 10hh
10hh 10hhl |} *<uS1
1! 31 FAf #10% { & ()-:3' &$10%& ()-y!3' &$10%& () - y3#10%& () - g! 3#10%q& () - g3L#1
0% ()-YZ[\kg*guSl 1! #10%& ()-!#109%00&5() - , 10%& ()-' mlO%& ()- 10 10
10! HF1f #109& () - : g5d} A<uSl -
1TF s$10%h& () -sYMBLOY&' () -z! YMBLOUMKKSE () -zF MPLO%& ()-!F MB109%Z& () - #10
9% ()-[#! (}oPl 13-109%& ()-s'|mL0%& ()- 10 10
10! HF' s$10QEMD), -wwhéresS bo¥EI 28) bis réfs S DOVM K cdnpe{s¥S 2aXdedtla Red color
1$109%Z&' () -!$109%& ()-$109%Z& ()-!$10%& ()-!$10% & ()-!$10%& ()-zzI"P1
1' mMO0%&' (xempkwent bdzach of four pixels, one 128-bit register XMMT1 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
5 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
10 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
15 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.
20 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 2098-2099 that each comprise the
color components that define each of two pixels. In one embodiment, the
manipulation comprises the logical combination of two registers MM0-MM1
25  of the set of three 64-bit registers MMO0-MM2, wherein the combination
results in a first MM4 and a second MM5 combined 64-bit register. The first

combined register MM4 comprises a first and a second 8-bit color component
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generated from the log1cal combination of one register MM2 of the set of
5  three 64-bit registers and a fourth 64-bit register 1910 containing logic zeros.
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.
10 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 MM5 and fourth MM6 combined
15 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
20 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
25 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
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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 MM0-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
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ToyNraby [ Suad (o doubleword) 2067 Is pestorined ot the lower 32 bits bf the resuliant
5  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
10  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

15 first graphic register 2098 and performing a second logical OR 2072 of the
second MMS5 and fourth MM6 combined 64-bit registers to produce a second
graphic register 2099. The first graphic register 2098 comprises three 8-bit color
components that define each of a first 2030 and second 2032 pixel. The second
graphic register 2099 comprises three 8-bit color components that define each

20 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.

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

illustrative rather than a restrictive sense.
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1. A computer implemented parallel processing method for converting a number

between a floating point format and an integer format, comprising:

storing a number in the integer format in a register belonging to a first set of architectural

registers in a scalar format in which each register is intended to store a single number;

converting the number to a number in the floating point format; and

placing the number in the floating point format in a register belonging to a second set of
architectural registers of a packed format in which each register is capable of storing at

least two separate numbers at the same time.
2. The method of claim 1, further comprising:

B LT

storing a plurality of numbers in the floating point format in a register of the second set of

architectural registers in the packed format;
converting one of the plurality of numbers to a number in the integer format; and

placing the number in the integer format in a register of the first set of architectural

registers in the scalar format.

3. The method of claim !, wherein converting comprises:

accessing rounding control bits in a control/status register; and

rounding the number in the floating point format according to the rounding control bits.

4. The method of claim 2, wherein converting one of the plurality of numbers to a

number in the integer format comprises:
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rounding the number in the integer format according to a rounding mode indicated by the
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rounding mode bits.

5. The method of claim 4, wherein the rounding mode is a truncate mode.

6. The method of claim 2, wherein the plurality is four.

7. The method of claim 6, wherein the floating point format is a 32-bit, single precision

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
32-bit registers, and wherein the second set of architectural registers comprises eight,

128-bit registers.

25 0CT 2002

9. The method of claim 1, wherein placing the number in the floating point format in a 6.

The method of claim 1, wherein placing the number in the floating point format in a
register of a second set of architectural registers comprises placing the number in the
floating point format in a lowest segment of the register and preserving upper segments

of the register unchanged.

10. A machine-readable medium having stored thereon data representmg sequences of
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instructions for a computer 1mplemented parallel processmg method for convertmg
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between a floating-point format and an 1nteger format, the sequences of instructions
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wh1ch when executed by a machme cause the machme to

convert a number in the integer format that is stored in a register belonglng to a first set

of architectural registers to a number in the floating point format; and
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11. The machine-readable medium of claim 10, wherein the instructions further comprlse

instructions causmg the machme to perform the addltlonal step of roundmg the number in

the floating pomt format accordmg to a rounding field of a control/status register.

12. The machine-readable medium of claim 11, wherein the first set of architectural

registers comprises eight 32-bit registers.

13. The machine-readable medium of claim 12, wherein the second set of registers

comprises eight 128-bit registers.

14, The machine-readable medium of claim 13, wherein the floating point format is a 32-

bit, single precision floating point format.

15. The machine-readable medium of claim 14, wherein the integer format is a 32-bit

integer format.

16. The machine-readable medium of claim 11, wherein the instructions for storing
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further comprise 1nstruct10ns causmg the machlne to store the number in the floating

point format in a lowest segment of the packed register of the second set of architectural

registers and preserving three upper segments unchanged.

17. A machine- readable medium havrng stored thereon data representmg sequences of

PSRRI S I O Y S

instructions for a computer 1mplemented parallel processmg method for convertmg

between an 1nteger format and a ﬂoatmg pomt format the sequences of 1nstruct10ns

R

which, when executed by a machme cause the machine to:
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convert a number in the floating point format that is stored in a packed register belonging

to a first set of architectural registers, wherein each register is divided into at least two

segments, each segment being capable of stormg a number to a number in the integer
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format; and

store the number in the integer format in a scalar register belonging to a second set of
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architectural registers.

18. The machine-readable medium of claim 17, wherein the instructions further comprise

instructions causmg the machme to round the number in the 1nteger format accordmg to a

i e e e T s

rounding mode field of an instruction register.

19. The machine-readable medium of claim 18, wherein the rounding mode field

indicates a truncate rounding mode.

20. The machine-readable medium of claim 17, wherein the first set of architectural

registers comprises eight 128-bit packed floating point registers.

21. The machine-readable medium of claim 20, wherein the second set of architectural

registers comprises eight 32-bit scalar integer registers.

22. A computer implemented parallel processing method for assembling color

components of graphics data comprising:

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

register of a first set of registers in a packed format;

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

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

second set of registers in the packed format; and

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

numbers in the integer format in the at least one register of the second set of registers.

~ 23. The method of claim 22, wherein storing the plurality of color components in the
. floating point format comprises storing a plurality of color components in a floating point
format in at least one register of a set of 128-bit registers in a packed format and wherein

placing the plurality of numbers in the integer format comprises placing the plurality of

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

" packed format.
24. The method of claim 22, wherein the step of converting comprises:

converting first and second color values located in the lower bits of a register of

the first set of registers to first and second numbers in the integer format;

shifting third and fourth color values located in the upper bits of the register of the

 first set of registers into the lower bits of the register; and

converting the third and fourth color values to third and fourth numbers in the

integer format.
25. The method of claim 24, wherein the step of placing comprises:

placing the first and second numbers in the integer format in a first register of the

| second set of registers; and

placing the third and fourth numbers in the integer format in a second register of

the second set of registers.
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contents of the second set of registers, wherein the manipulation results in each register

comprising a plurality of color components of a pixel.

27. The method of claim 25, wherein each register of a set of six registers of the second

set of registers comprises data for one color component of each of two pixels.
28. The method of claim 27, wherein the step of assembling comprises:

logically combining a first three registers of the set of six registers of the second
set of registers, wherein the combination results in a first combined register comprising

three color components for each of a first and a second pixel;

logically combining a second three registers of the set of six registers of the

second set of registers, wherein the combination results in a second combined register

! comprising three color components for each of a third and a fourth pixel.

29. The method of claim 22, further comprising manipulating the contents of the second
3 set of registers, wherein the manipulation results in each register of the second set of
registers comprising a plurality of color components that define a color of a pixel,

comprising:

logically combining two registers of a set of three registers of the second set of
registers, wherein the combination results in a first and a second combined register,
wherein the first combined register comprises a first and a second color component for

each of a first and a second pixel, wherein the second combined register comprises a first

and a second color component for each of a third and a fourth pixel,

generating a third and a fourth combined register, wherein the third combined

| register comprises a third color component for each of the first and second pixels,
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wherein the fourth combined register comprises a third color component for each of the

third and fourth pixels;

logically combining the first and third combined registers, wherein the

combination results in a first graphic register, wherein the first graphic register comprises

three color components that define a color of a first pixel and three color components that

define a color of a second pixel; and

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

components that define a color of a fourth pixel.

30. The method of claim 29, wherein each of the combined registers comprises two
transparency components for each of a first and a second pixel, wherein each of the

graphic registers comprise a transparency component.

; 31. The method of claim 22, wherein the step of converting 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.

32. A machine-readable medium having stored thereon data representing sequences of
instructions for a computer implemented parallel processing method for assembling color
i components of graphic data, the sequences of instructions which, when executed by a

machine, cause the machine to:
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storing a plurality of color components in a floating point format in at least one

register of a first set of registers in a packed format;

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

. plurality of numbers in an integer format;

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

second set of registers in the packed format; and

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

numbers in the integer format in the at least one register of the second set of registers.

33. The machine-readable medium of claim 28, wherein the instructions for storing the
plurality of color components in the floating point format further comprise instructions

causing the machine to store a plurality of color components in a floating point format in

at least one register of a set of 128-bit registers in a packed format and wherein the
instructions for placing the plurality of numbers in the integer format further comprise
instructions causing the machine to place the plurality of numbers in the integer format in

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

34, The machine-readable medium of claim 29, wherein the instructions for converting

further comprise instructions causing the machine to:

converting first and second color values located in the lower bits of a register of

the first set of registers to first and second numbers in the integer format;

shifting third and fourth color values located in the upper bits of the register of the

first set of registers into the lower bits of the register; and

é converting the third and fourth color values to third and fourth numbers in the

integer format..
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+10% further comprise instructions causing the machine to:

placing the first and second numbers in the integer format in a first register of the

|
second set of registers; and
, g

placing the third and fourth numbers in the integer format in a second register of

the second set of register.

36. The machine-readable medium of claim 29, wherein the instructions for assembling
further comprise instructions causing the machine to manipulate the contents of the
second set of registers, wherein the manipulation results in each register comprising a

plurality of color components of a pixel.
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. 37. A processor comprising:
{ a decoder configured to decode instructions; and

a circuit coupled to the decoder, the circuit in response to at least one decoded

instruction being configured to:

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

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

1
I
!
%
!
|
l register of a first set of registers in a packed format;
i
|
g of numbers in an integer format;

i

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

second set of registers in the packed format; and
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assemble color components for each of a plurality of pixels from the plurality of

numbers in the integer format in the at least one register of the second set of registers..

38. The processor of claim 37, wherein the circuit configured to store the plurality of
color components in the floating point format is configured to store a plurality of color
components in a floating point format in at least one register of a set of 128-bit registers
in a packed format and wherein the circuit configured to place the plurality of numbers in
the integer format is configured to place the plurality of numbers in the integer format in

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

39. The processor of claim 38, wherein the circuit configured to convert is further

configured to:

convert first and second color values located in the lower bits of a register of the

first set of registers to first and second numbers in the integer format;

shift third and fourth color values located in the upper bits of the register of the

* first set of registers into the lower bits of the register; and

convert the third and fourth color values to third and fourth numbers in the integer

format.

40. The processor of claim 39, where the circuit configured to place is further configured

to:

place the first and second numbers in the integer format in a first register of the

second set of registers; and

place the third and fourth numbers in the integer format in a second register of the

second set of registers.
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