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A METHOD AND APPARATUS FOR PARALLEL CONVERSI ON OF COLOR VALUES FROM A

SI NGLE PRECI WPA¥SEH4HATI NG PO NT FORVAT TO AN | NTEGER FORVAT AIGEYSORRO4TRE

| NVENTI ON The present invention relates generally to the parallel

mani pul ation of data and, nore particularly, to the parallel conversion of
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32-bits, using instructions that n ’Eult For exanpl e, the
execution of an add instruction w II add together a first 32-bit value and
a second 32-bit value and store the result as a third 32-bit value. Some

application qﬁﬁn@gg%; he mani pul ation of |arge ambunts of data
repr esent edspggﬂpev\er an Tg) Mul ti-medi a graphics, for instance, are
typically gener at I
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bits. The processing o the arge anmounts of data through a pipeline
requi red by g¢liRbiués régiftbiscat i ons can greatly increase processing tinme and
sl ow graphi cs rendering correspondingly. Miltinedia graphics applications
i nclude, but are not limted to, applications targeted at conputer
supported cooperation (CSC), two-dinensional (2D) graphics,

BACKGROUND OF THE INVENTION

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

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

using 8- or 16-bit data elements, and the sound data is typically represented using 8- or
1



t hree-di nensi onal (3D) graphics, inege processing, video _
conpr essi ORy@g68¢3M8 €ssi on, recognition algorithms and audi o FEEMSsGlesdTR ON.
As such, the data of nultinedia applications typically conprises still

i mages or video frames and sound data. The pixels of the still inage or
video data are typically represented using 8- or 16-bit data el enments, and
the sound Hubi dﬂé elemenis| When pracessing multinsidindaga camprising &ilbirhagéaon .
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each of which represents a sepdrate value, are stored together. For

exanpl e, a 64-bip hﬁﬁﬂiv&%ﬁciéﬂgg of SRk R abﬁéaggxge asgefl ia% ﬁﬁl!ei? catios?ch of

which represents a separate 32-bit val ue. rtron, these prior art _
processor shyviny sifila Clsdradieristios) priop hrt PROBESDELASE paBkEdUMAorRdtsE A Packkg BN i N
t hese packed data types in parallel. For exanple, a

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 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 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 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, integer instructions operate
on individual integer data elements (A + B). The SIMD instructions, however, operate

on integer data arrays (A[1...n] + B[1...n]), where n is the number of elements in the

array.



packed add instruction adds together corresponding data elenments froma
first packedygabgeasd a second packed data. Thus, if a multi PetsIsdPYe i t hm
requires a | oop containing five operations that nust be perforned on a

| arge nunber of data elenents, it is desirable to pack the data and perform
these operations in parallel using packed data instructions. In this

manner, these pr dypisalpriorettiproesssingsysteniss it teydering > Anapes, iseb 6l integer
applications. Therefore, in_order to reduce the tine required for graphics
rendering i Aatain thegeamstry gpd rasterization phasesdictaiise fhecomilst ragge of eopedinataher ei n
a single instruction operates on nultiple elenments of data; this process is
~ typical |y r¥tuaesdid nppneegssiiatedhe pregision of floating\poins aritemesin. JThesifve) the
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data arrays (Al l...n] + B[1l...n] where n.is the nunber, of elenents in the
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used only igt r data in the geonetry and rasterization phases because the
smal | er rang " coordinate values did not necessitate the precision of
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large range of values that define the coordinate space and because of the precision

required within this range to accurately place the rendered images. Because the color
component data is often stored and manipulated along 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 data is provided to the
rasterization circuitry 'using the integer format. Therefore, the color component data
used to render the image is converted from the floating point format to the integer
format in order to render an image display.

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

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

3



format. However, in rendering 3D images, the data mani pul ations perforned
for the gequglsyegase are typically performed using floati necosesossr2
arithnmetic because of the large range of values that -define the coordinate
space and because of the precision required within this range to accurately
pl ace the rendered i nages. Because the col or conponent data is often stored
and mani puimay éed redused) withtthe usecofdhe additionati hargwares thel additibahbhar@wiie conveni ent
to performoperations on the rasterization data conprising color conponent
dat a usi ngincreases the contand size pf thesystem whiterincreasihgtheaverall compdexityiofghe t he
coordi nates of the conposited inmages are provided to the rasterization
circuitry $¥#9® the floating point format. In contrast, the col or conponent
data is provided to the rasterization circuitry using the integer fornat.
Therefore, the col or conponent data used to render the inmage is converted
fromthe floating point format to the integer format in order to render an
i mge di splay. The problemin the prior art processors using SIM
processi.ng of 3D graphic data is that, while parallel processing may be
performed on floating point data, the conversion of the floating point data
to integer data for rasterization creates a bottleneck in the processing

pi pel i ne because the prior art algorithnms perform conversions sequentially.
A prior art nethod of dealing with this problemduplicates the floating
poi nt 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 branch of the pipeline can be sequentially
converted to integer format at the sanme tinme. While the delay due to the
conversi on execution bottl eneck



3 may be reduced with the use of the additional hardware, the additional
har dwar e i npRRmeRst he cost and size of the systemwhile i nAEAPHPYhe
overall conplexity of the system 4 SUMVARY OF THE | NVENTI ON A net hod
and apparatus for parallel processing of graphics data are described. A
nunber of col or conponents are stored in a floating point format in at

| east one SEUMMARY GF BHEINVENTHION pit registers in a packed format. The
col or conponents in tae %I oating, point format, are converted to n ers in
an integer formiymethad and apraratus for parallel precessing of graphigs datpprgdeseribgd.at | east

one register of, a set. of 64-bit reqgisters_n,the, ked.format. Col or
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and append ?l%aﬁtluga ]'por{ﬁt fo%&t Y L&n%rtle)c? toimbers in an integer format. The numbers in

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

packed format. Color components are assembled for image pixels from the numbers
in the integer format.

Other features and advantages of the present invention will be apparent from
the accompanying drawings and from the detailed description and appended claims

that follow below.



BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is i)lustrated by

way of exarphe /§&d5 not limtation in the figures of the accompEU$9I9rNg472
drawi ngs, in V\;Ii ch like references indicate simlar elenents and in which:

Figure 1 is a conputer system of one enbodinent. Figure 2 is a processor of
one enbodinent. Figure 3 is a dual data pipeline of one enbodi nent. Figure
4 is a cacBBIBF DBESGRIPFIGNGOF IHE DRAWINGSf one enbodinment. Figure 5 is a
bi nary floating-point format used by a 128-bit nultimedia extension

regi sters of on&hepissentimventiorisjlinstratedsbioway of eramiplelandwatilinsitdtion imfler at i ng
on a pair of operands. Figure 7 shows a scalar instruction operating on a

| east si gnfigwresnt the acsorppanying drawings.dn yyhich like references indinate similacked shuffl e
operation gccording,to a, SHUFPS instruction of one enbodi nent Figure 9
shows a re%F%‘FE’ﬁsaP WIS cor r espondi ng conversion instructions of one

enbodi ment. Figure 10.is a flowhart for cqnyerting a nunber froma scal ar
format to a pack®y % %?stﬂﬁemgme&@@mg to a CVTSI 2SS

I nstruction of ?{Eﬁre 2 is a processor of one embodiment.

Figure 3 is a dual data pipeline of one embodiment.

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

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

Figure 6 shows a packed instruction operating on a pair of operands.

Figure 7 shows a scalar instruction operating on a least significant pair of the
two operands.

Figure 8 shows a packed shuffle operation according to a SHUFPS instruction
of one embodiment.

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

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

Figure 11 is a flowchart for converting a number from a packed floating
point 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
format to a packed floating point format according to a CVIPI2PS instruction

of one embodiment.



enbodi nent. Figure 11 is a flowhart for converting a nunber froma packed
floating poiwboebs¢mmt to a scalar format accordi ng to CVTSS2BCTAISH9/09472
CVTTSS2SI instructions of one enbodinent. Figure 12 is a flowhart for
converting a nunber froma packed integer format to a packed floating point
- format according to a CVTPI2PS instruction of one enbodinent. 6 Fi gure

13 is a fl owchar t Figured8iis aflowdhaat fouebrvertingn mupbek &dni h patkedfipsting
format to a packed integer format according to CVIPS2PI and CVITPS2PI

i nst ruct i onspoint dommatniocdpacked. inféggn ferniat acsomlifg eo\CVARS2Pband second
variant instruction used for converting a nunber froma packed floating

poi nt f or mat CVITX’S3RE insdructiong of ohe embtodiment.di ng to a CVTPS2PWi nstructi on
of one enbodinment. Figure 15 is a flowchart for a third variant used for
converting a nunbBiguredhisa flevrehart fos atsependyhriant ipstructionusedfarked i nt eger
format according to a CVIPS2PB instruction of one enbodiment., Figure 16 is
a flowchart F%V%‘ﬂt\s@mmﬁge’é RPLR Rarkad floating peistderyatita apacked integer

i nstructi ons _of one enhodi ne ed.
format according to a IEV'PIE&P% instruction of one embodiment.

Figure 15 is a flowchart for a third variant used for converting a
number from a packed floating point format to a packed integer format
according to a CVIPS2PB instruction of one embodiment.

Figure 16 is a flowchart for a lighting computation in 3D geometry in
which the instructions of one embodiment are used.

Figure 17 is a flowchart for a parallel conversion of multiple color
values from a single precision floating point format to a specific integer format
of one embodiment.

Figures 18a and 18b are data flow diagrams of a parallel conversion of
graphic color data using a CVTPS2PI instruction of one embodiment.

Figures 19a and 19b are data flow diagrams of a parallel conversion of
graphic color data using a CVTPS2PW instruction of one embodiment.

Figures 20a and 20b are data flow diagrams of a parallel conversion of

graphic color data using a CVTPS2PB instruction of one embodiment.

SUBSTITUTE SHEET (RULE 26)



Figure 17 is a flowhart for a parallel conversion of multiple color values

froma singy@oféeagd sion floating point format to a specific ROIVESYLNI47Dr mat
of one enbodi nent. Figures 18a and 18b are data flow-diagrans of a parallel

conversion of graphic color data using a CVIPS2PI instruction of one
enbodi nment___Fi qures lga and 19b are data flow diagranms of a parallel
conver si o%ﬂi&%@sﬂ%a using a CVIPS2PW i nstruction of one
enbodi ment. Figuyres_ 20a apnd 20b are dat flow di agranms of a paraIIeI
conversi on of gﬁéﬁ ﬂt?dgwgapamgzr ¢lreonversionnaf 3P one

and. appar SPRPIGI AR ORFIRGa, WHEFFpth @@MDFES\%E[@QBES%Q&O? Qﬂ?” o

i 11 or ont. eeipeRdigeih B bl 2rgBlaes %?%e'gé‘gs?r%a:'«'aéh Scal ar
For ot i n Bl ARy .n'f‘gziﬂﬁ%ﬁ&%?%&?a%@pﬁa@%ﬁ B o

| mage 1 encaries PRIl FRR e ul ol P el R ?ﬁé&aﬁé%slﬁ%ﬁggi aphi 5

data point data is manipulated to provide the graphic data used in 3D image

rendering. Following manipulation, the packed floating point graphics data
are converted to a packed integer format in parallel using the instructions
described herein. The packed integer data are used to render an image
display.

In the embodiments described, data in one format in one architectural
register is converted to another format and placed in another architectural
register. There are advantages realized from placing a result of a conversion
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 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 instruction.

In addition, placing conversion results in a register make the use of
conversion instructions more flexible in some systems. In particular, in some

processor architectures, a computation operation cannot have memory as both

8



are converted to a packed integer format in parallel using the instructions
descri bed heyebdsezdhe packed integer data are used to render PEHUSIHYL?2

di splay. In the enbodi ments descri bed, data in one format in one
architectural register is converted to another format and placed in anot her

§¥ 2 Eﬁ‘ffvzié"ﬁa&‘iﬁb?éﬁ%gpé?aeriieﬁé%ﬁéég{ BBt st t?ﬂ%fv‘i’? slesura) i‘kres““

ocation. Placi.ng.conversion results i,n rchitectural register nakes
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using fl oat ﬁ%@ﬁ%@ﬁ#&ﬁ% ‘??9? %ﬁ?gpﬁﬁ%@dosﬁlﬁce(’SI MD) registers and

perforn ng rastegj é&ﬁéﬁ& g%??‘gﬁl%ﬁné%f%ﬁ%@f c&ﬂvéﬁﬁﬂgﬁa%ﬁbé@&e% vaeni ent for

I nt ermedi ate conversion’resu I N~ emnor 'S 1S because the

conver si on bES snftidcion SR SHY 15 ok Ah LODIFORAB dre NECOSST at] Ng

a nmenory actess operation that wo ace the resu a register.

If it is evapsdrd TR Gne@niBYdintent MY Packed s SR t can be
done easily wth a STORE instruction. ?{an %a@%{eefg%{&ﬁng c%ﬁéggsi on

ir ﬁs SLE{Z Is N forbRfdidu® Eré?!{é@ed fitarthiteluralGRY RS 0P a sBEof 128IHiPAfchitetirhl exi bl e
ystenms. In particular, in sone processor architectures, a

conput at i onregistess, whilecthesoilah forenateinta ireplabed th 82-bit architectural
registers or memory. Furthermore, a method and apparatus for converting
data between a packed single precision floating point format and a packed
integer format are described. In one embodiment, packed 32-bit single
precision floating point format data are placed in architectural registers of a
set of 128-bit architectural registers, while packed 32-bit integer format data
are placed in architectural registers of a set of 64-bit architectural registers. In
other embodiments, architectural resisters may be of different sizes. For
example, 128-bit registers may be used instead of 64-bit registers. Moreover, a
method and apparatus for using the conversion instructions in the parallel
conversion of multiple color component data, or values, from packed single
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
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

with embodiments of the present invention. Other types of computer systems,
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a source of one operand and the destination of the result. If an |

archi tect unph obs@ayster is the destination, as in the descri rrkrassonsdraent s,
a conversion operation can have nenory as an operand source. Specifically,
a nmet hod and apparatus for converting data between a packed single
precision floating point format and a scalar format .are described. In one
enbodi nentDot “ﬂ'héﬁ%tcﬁ@icﬁ&flg“ﬁ?deéﬁﬁqr%ﬂﬂ coutld alsodest wesed wiitlat  dat a are
laced in argchitectural, registers of. a get of 128-bit architectural
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o @ 5eL ohedafubl THEBIO S T RSB o O BABSEE A Erlp. !
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conversion instructions in the parallel converston or
conponent Thé Erodéﬁsdtallwft@mﬁﬁiw@&%ﬁé@dﬁéh RENE1IV, 8 bgisten fi1é 280, d\¢hche! Nt
format to packed integer format are described. I|ntended advantages of the
paral | el cl6lyerdecoder 165, and tandnternahbus 170 dEhe tedticadgisterseipaised Herg® over
sequential conversion techni ques, a decreased

to refer to the on-board processor storage locations that are used as part of

-

macro-instructions to identify operands (also referred to as architectural
registers). In other words, the registers referred to herein are those that are
visible from the outside of the processor (from a programmers 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
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
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
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nunber of instructions in the processing of graphics data, no requirenent
for dupli catygoé/kgas i ng poi nt execution resources, and hi ghePCHYSIV®4T2 on
processing efficiency. Figure 1 is a conputer system 100 of one enbodi nent.
The gorrput gr system 100 is an exanpl e of one type of conputer systemt hat
can be used with enbodi nents of the present_invention.. O her types of
comput er syeEHyy (BOM) 180, osiother statigstorage deyigs, govpleddothepus, i&y?orc oul d

al so be used with epbodi nents of L nvention._ The conmputer system

h
100 co_rrpritjsﬁgrlﬁglEﬁﬁ%uCl _?nB?anzﬁ%ﬁlmgéﬁ sl’rﬁﬁﬁlsé%?‘ -and software, for
comruni catin t , 109 d , .
process nu)g' ih Ot or Aciath storaie SBvich 102 3R 58 2 magadi ek Br bBral TSk Andac | o
unit (CP avi n 1y type,of archit.ecture. . i ngludisng cC ex_j.nst tion
St comut i Fapreetuie M aidte. B EiER kb w0 O cdsRBRtSF vt {4t
Rl SC hi , . i i i
(959 2 oSk SR S BRIGHN s SEPAY LSRR 11 e Bl 0L, 135 2,
term“regis ﬁ;aﬁénwég%ggfggﬂrr{é o REPeydidin!108. PHlsliagdlviteaoesagr Storage

| ocations that are use I nstructl entity operands

(also refer ﬁﬁﬁ#&%’%%ﬁﬁfféﬁ‘é Héié‘iizédgga?hf{s%ndéﬂn@ﬁ@@i’ce%rda&mdé“ﬁy

registers refterr erein are tho hat are
tube (CRT), and a flat panel display, but the invention is not so limited. An

alphanumeric input device 122, including alphanumeric and other keys, may
be coupled to the bus 101 for communicating information and command
selections to the processor 109. Another type of user input device is a cursor
control 123 comprising a mouse, a trackball, a pen, a touch screen, or cursor
direction keys for communicating direction information and command
selections to the processor 109, and for controlling cursor movement on the
display device 121. The input device of one embodiment has two degrees of
freedom in two axes, a first axis, or x-axis, and a second axis, or y-axis, which
allows the input device to specify positions in a plane, but the invention is not
so limited.

In one embodiment, a hard copy device 124 is coupled to the bus 101
and is used for printing instructions, data, and other information on a medium
such as paper, film, or similar types of media. Additionaily, the 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 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.
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visible fromthe outside of the processor (froma progranmers perspective).
However, tQ{® dopgbdst ers described herein can be inplenmented BETAISOYIN4TS y
within a processor using any nunber of different techniques, such as

dedi cat ed physical registers, dynamcally allocated physical registers
using register fenanmn conpi nat.ions . of dedi cated and dynam cally
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i

101 for sty i PRichede ' T Te MNeT I gi\é.

processor @y(%ﬂg;f e _m%u n mam_)?y ‘%92&%?5%‘5 useécf'p#ogr? SEOI‘I Eﬁgﬁ rrpy}gry
variabl es gdvigd t@écmsw&zit@éfpwwd&tm%eewmn% Afttdtito -
I nstructions by processor 109. "The conputer” system 100 turther conprises a

read only dfier comiiénsysteahd cd@fleddd thé Beipritéd néwdrk! age devi ce, coupl ed
to the bus 101 for storyi(sng static inforrratll')girtl and instructions for the
processor 109. ¥ 6t ambbdiraert, tiey peecessor, 109ulditionall tt§afli sk or
optical disk and a corresponding disk drive, is couple o the bus 101. The
conput er sipstrectidfi@et which is compatible with the x86 and/or x87 instruction sets,

the instruction sets used by existing microprocessors such as the Pentium®
Processors manufactured by Intel Corporation of Santa Clara, California.
Thus, in one embodiment, the processor 109 supports all the operations
supported in the Intel Architecture (LA™), as defined by Intel Corporation of
Santa Clara, California. See Microprocessors, Intel Data Books volume 1 and
volume 2, 1992 and 1993, available from Intel of Santa Clara, California. As a
result, the processor 109 can support existing x86 and/or x87 operations in
addition to the operations of the invention. Alternative embodiments of the
invention may incorporate the invention into other instruction sets.

The execution unit 130 is used for executing instructions received by the
processor 109. In addition to recognizing instructions typically implemented
in general purpose processors, the execution unit 130 recognizes instructions
in a packed instruction set 140 for performing operations on packed data
formats. In one embodiment, the packed instruction set 140 comprises
instructions for supporting pack operations, unpack operations, packed add
operations, packed subtract operations, packed 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 limited. The set of packed
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may be coupled via the bus 101 to a display device 121 for displ aying
~information §gogseagr of the conputer system 100. Display dePCFaISIZ4Ehn
include a frane buffer, specialized graphics.rendering devices, a cathode
ray tube (CRT), and a flat panel display, but the invention is not so
limted. An_al phanuneric ipput device 122, including-al phanunmeric and ot her
keys, may b@%@mmaﬁwmwhgémwmma NE» prgéed on and

a3 cur sor ANFNGR RadeddiBrFad Rackec OB but the inwkheR s otgon et ouch
and conmand WhlgerFsbadiment S fescabed ke thepariee EBHH-IORSHE (il sor
and conman , i rsor

Foo. dogr ces IBRAFS BRSATR SR dtematiye pRPO e Ray cofpRise RRBLEER. 15"
S axis, or y-axg'euspleﬁ%%&h%ém‘{c%ngnput device to specify positions in a

pl ane, but at Ion1s not solimted. In one enbodi nent, a hard copy

device 124 15 COURERH idinidiond Rovidt B BetfSrtiafit dtheRblPidi@ refiifrbl ! | ONs,

data, and ot her ormati on on‘a such as paper, m or “simlar
types of ”Edd'fm HfthoR hed PRIl S hpPliddtdrs MHabEseGPuRe8d 10 a
device for s uné’ﬁ?ecordi g and playback 125. Thgﬁ]sound recording may be

acconpl i sheqjdtal THud thaskilgofititths nty bewittedCtolpack the ae@REAYdataafidt he
sound pl ayback may be acconplished Using a speaker which is coupled to a

digital to ghafcren (H¥ Adcessaity opepitidrsiorpthe)patked date, Withalitgeduizig theunds,

but the invention is not so |imted.
packed data to be unpacked in order to perform one or more operations on
one data element at a time. Therefore, these algorithms provide performance
advantages over prior art general purpose processors that do not support the
packed data operations required by certain multimedia algorithms. For
example, if a multimedia algorithm requires an operation that cannot be
performed on packed data, the prior art program, in contrast to the present
invention, must unpack the data, perform the operation on the separate
elements individually, and then pack the results into a packed result for
further packed processing.

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

these control signals and microcode entry points, the execution unit 130

performs the appropriate operations. For example, if an add instruction is
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The conputer system 100 can function as a termnal in a conputer network,
wherei n t hgooggpiser system 100 is a conputer subsystem of PCTAUSYNIIET
network, but the invention is not so limted. The conmputer system 100 may
further include a video digitizing device 126. The video digitizing device
126 can be used to capture video images that can be transmtted to other
conput er greiveds thardedasier 165 causasexgoation npitiSOko penformethereqdinednt , t he
processor 109 additiaqgnally supports an instruction set which is conpatible
with the additiongifa subiyact imstructionis recgived,ithe degaden 165 catsesthe used by

ﬁgi it ol SHHOR RIS %@a&g@ag&@z& rpaiony r°?s;§r‘i’iiﬂi§e22§23fhgﬁf,"

the processor,109 orts a t he operations ,su rt in the Inte

"t oct Gresution of thE Vatons dnstrychonehy i qrpder 165 wd S Pxpcafignaimit
éfra\lcm‘greg\f égog% ' r?;ﬁt I Eﬁ%ﬁﬁ}gﬁ% volune. 1 d volune 2,1992
and 1993,%‘?/ |r(lag Séa?%)ﬁfﬁ%?% 8 ég?ﬁ% < e&‘ ’ Fle?as{{ﬁ}%o "a result, the
Phe oper nESSHER iREhpAYinali ihesiibe IR BE o KB BRCIBR By ksl U Ton

may i ncor gokRbesthiGnéfiréent i on into other instruction sets. The execution
unit 130 IS used for executing instructions received by the processor 109.

I'n addition toTheegitetifile 150 fsted for toring irffthtibAPIneRIAS Gontrol
and status information, scalar data, integer data, packed integer data, and

packed floating point data. In one embodiment, the register file 150 may
comprise memory registers, control and status registers, scalar integer
registers, scalar floating point registers, packed single precision floating point
registers, packed integer registers, and an instruction pointer register coupled
to the internal bus 170, but the invention is not so limited. Inone - -
embodiment, the scalar integer registers are 32-bit registers, the packed single
precision floating point registers are 128-bit registers, and the packed integer
registers are 64-bit registers, but the invention is not so limited.

In one embodiment, the packed integer registers are aliased onto the
same memory space as the scalar floating point registers. Separate registers
are used for the packed floating point data. In using registers of register file
150, the processor 109, at any given time, must treat the registers as being
either stack referenced floating point registers or non-stack referenced packed
integer registers. In this embodiment, a mechanism is included to allow the
processor 109 to switch between operating on registers as stack reférenced
floating 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.
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in general purpose processors, the execution unit 130 recognizes

I nstructi onswidbggﬁmcked instruction set 140 for perform ng JSEVEIPE¥I2on
packed data formats. In one enbodi ment, the packed instruction set 140
corrEridses i nstructions for supporting pack oper ations, unpack operations,
packed add operations, packed subtract operations acked mul ti pl

oper at i ons, Fpa&mosmlmtgncﬁé ?&@OW@W%PW@tmﬁbe%%d

mul tiply- ad operati on]6 tiply-subtract operations, population count
oper ati ons, WUWéFa F inye ?(’e‘gaﬁogl cal operations, but the invention is

embodi ment com Ailﬁe%h fiRBITS geam%x%%é%ﬁxfm R ol egfiesSa s

enbodi ment conpri a d XOR,
31‘1; i tho SBAER 'ama&%rneﬁms&bgﬁu&a%t%x e A T Y
eV S\ R R Sl g, ARG 1 1
requi red bye@%&%ﬁ{e{%@fﬁ%ﬂdéﬁ' tgae&feg;s@avstéazﬁ%@s@mg&ﬁm gt hat use

packed data al gori witiento e necessary

data and perg&gg}:t&f‘ggmgﬁﬁﬁsé?dh%ﬁé%&@eﬁﬁa b8t orin 'sBaldE

requiring th ata’ to be unpacked ith order to perform on8 or nore
operati ons Qhteger, packed integer, and packed floating point data.

DO

The registers of the register file 150 may be implemented to include
different numbers of registers and different size registers, but the invention is
not so limited. For example, in one embodiment, the integer registers may be
implemented to store 32 bits, while other registers are implemented to store
128 bits, wherein all 128 bits are used for storing floating point data while only
64 are used for packed data. In an alternate embodiment, the integer registers
each contain 32 or 64 bits.

Figure 2 is a processor 109 of one embodiment. The processor 109
comprises a bus interface unit 202 that couples the processor 109 to an external
bus 204, wherein the external bus 204 is used to communicate with other
system devices. The bus interface unit 202 performs bus transactions when
requested by the L2 cache 206 or the processor core 208. Furthermore, the bus
interface unit 202 couples the processor 109 to a unified 1.2 cache 206 using a
backside bus 210. The L2 cache 206 may be off the chip, and may runata
fraction of the speed of the core processor 208, but the invention is not so
limited. The L2 cache 206 of one embodiment comprises 512 Kbytes, but the
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.
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one data elenent at a tinme. Therefore, these algorithns provide performance

advant ageswg\éﬁfsmggior art general purpose processors that decTrosossegnor t
t he packed dafta operations required by certain multinedia algorithnms. For

exanple, if a nultinmedia algorithmrequires an operation that cannot be
performed on packed data, the prior art program in contrast to the present
i nventi on, rrusﬁhebpla(ikterﬁeeM%ZOZpﬁmembogimdamqﬂedrtotthe separat e

el enent s i ndi vi dual | é%an.d then pack the results into a packed result for

further pREGeeEsrreere Yl Heingmmlldataeache 22Aiandiasull codecashe@22oeadke
120 0Lt LDl BBk e oot b s onkSd: 3hEg i it o
160 and S20etR Rt kogT chities it Brboide deedRane sk St Bharache b of
Gecodi g PP s SHET wherl 5 St PR is alpay f BRI sl dnai s
i cr ocode R PupceRe, dhi ne BabCBIRAEN o SO BabP MO BRIR B o o
0P et O R GUPERIG 20 B0 TSk Bl oA Ve 11

requests issued by the load and store execution units; when a miss occurs, the

L1 data cache 220 forwards requests to the L2 cache 206. The L1 code cache

222 services instruction fetch requests issued by the instruction prefetcher.

The processor core 208 comprises logic responsible for: instruction

fetch; branch prediction; parsing of instruction streams; decoding instructions

into reduced instruction set computing (RISC) instructions, or micro-ops;

mapping accesses among register sets; and dispatch, execution, and retirement

of micro-ops. The processor core 208 may run at speeds of 233, 266, and 300

megahertz (MHz), but the invention is not so limited. The processor 109

supports out-of-order execution, wherein micro-ops are executed based on the

readiness of their data rather than the order in which they entered the

execution unit. An asynchronous processor interrupt control (APIC) unit 230

receives interrupt requests and prioritizes and forwards the requests to the

processor core 208 for execution.

The processor of one embodiment is an advanced superscalar processor

built around two general-purpose integer pipelines and a pipelined floating-

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.
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addition; if a subtract instruction is received, the decoder 165 causes the
executi on uniyodedizds0 performthe required subtraction. Thus,PGHP$R0P42
execution of the various instructions by the decoder 165 and the execution
unit 130 is represented by a series of if/then statements, the execution of

an instruction of_one enbodi t dges.not_require erial ocessi ng of
these if/then staﬁlgﬁ%:ﬂs.aaﬁga&%?é? ?é’qoe"l qrgg oM3%bri ng

i nformation, includi control and. st.atus informtion, scal at.data, integer
it o | packo e AOUGTE FHAY AR OTIPELINE OB It dhb S PiRges; THG HsS

enbodi nent, .t

and status rlSEfcéi gﬂ’lsesits %&Hgbﬁp%&l&%ﬁpﬁ%@ﬁﬁd ﬁ‘i%%“é?‘[‘?ﬁg%‘g%ﬁ%g’eﬂ)%f)m ol
oo ot ors, JRAPER B PR Ve S0P DUHRR R RERNRE o ARy iRk insBREKGH, | 00O

170, but thegl | L S AHns h&FKe8d bgéﬁm '?{%qg e uchCRhar

i nt eger regﬁ%‘tegl\régpg‘}rvg %lﬂ-ﬁ)lt re%g?gers,a'?%%ﬁp}acgle 'm% e psr%m sl on
floating poi hitd EketubdsSnkRE Ulpipe 2 stiPthes e&@dhhﬁ\ew?s 304t Hger
registers ar%&ggf-gg?lﬁére%iustsers, buPP{ he inventi_gn IS not s }Ig?rrited. I n one
enbodi ment, f‘s%tgﬁ@iﬁsﬂe fo'PateRbo Ehictions, thehiedt irdBRRtoN iviskhed &ptie Uenory
space as the scafar floating point registers. Separate registers are used
for the packsgbefdpoaindito fBtictiBAlifisshed tsthroVipipe S04 Wheh insguctons fil e
150, the procéessor 109, at any given time, nust treat the registers as
bei ng ei t herexacatkin theawarpipds 802304, theip behavioe i thesameas ifitheyswerek
referenced packed integer registers. In this enbodiment, a nmechanismis
~included to etdcated sesjuentially. The processor micro-architecture comprises the

following stages: instruction prefetch 310, instruction fetch 312, instruction
decoding, pairing, and dispatch 314, address generation 316, operand read
and execution 318, and writeback 320. Instruction decode logic decodes,
schedules, and issues the instructions at a rate of up to two instructions per
clock cycle.

Figure 4 is a cache architecture of a processor of one embodiment. The
processor comprises a twelve-stage pipelined architecture with an out-of-
order execution core. Furthermore, the processor of one embodiment
comprises three parallel decoders, five execution ports 0-4, a branch target
buffer (BTB) 402 with 512 entries, four 32-byte write buffers 404, a set of 32-bit
scalar registers 414, a set of eight 64-bit registers 410, a set of eight 128-bit
multimedia extension registers 412, and a return stack buffer (RSB) 406. The
BTB 402 holds a history of branches that were mispredicted during the
execution of an application. It stores the address of the mispredicted branch
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
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processor 109 to switch between operating on registers as stack referenced
floating pRigYeskagi sters and non-stack referenced packed dapar/usy/est®Brs. |In
anot her such enbodi nent, the processor 109 may sinul taneously operate on

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

14 Furthernpre, i,n an alternate enbodi nent, these sane registers may be
used for §?B'PF%P§%CH et ygétessm for prpeedures that asersallpd e differentont ai n

different sets of i st,ers. For exanple, an alternative enbodi nent may
conpri se é%ﬁ?é‘P&?é“P\é e8$10Rs for the packed integer registers and the scal ar

?Z‘;?s;??ti;i e t‘&ﬁxﬁ&%&%”%”ﬂgeghéhgﬁmfl%%r‘#&ﬁa%éLt?& Sitd 9B ond
Eﬁé_ packed 9t OIS B YRR A2p8 Yor Y Pl et e mapRIS ool el 53T
ragi st er o 2 it sl zodf Bl &4 ERt TS oo Y TRYD exanp{?@&ﬁd%Je%ﬁre”t e

nbod "RQEY- @é}p‘%ﬁ bi t
\ihlﬁelgfﬂr‘e:r& clef };lﬁgl %atﬁgd—?g)storel %lts opite tomr? | S

Isters are”inp errente ereln al | 128

bits are 4k bieffers404] Pirthefitord) bridintbodiMeht ¥ E@n@?g ; 8r used for
packed data. In an alternate embodi nent, the integer I ste

overlapping operations. In pipelining, the processor breaks mstructxon

execution into multiple stages comprising fetch, decode, execution, and
writeback. As a result, the processor can execute multiple instructions at the
same time, each in a different execution stage. For example, one instruction

- could be in the prefetch stage, one in decode, one in execution, and one in
writeback. As previously discussed herein, parallel processing wherein a
single instruction operates on multiple elements of data is often referred to as
Single Instruction Multiple Data (SIMD).

The set of eight 64-bit registers 410 of one embodiment allow for
parallel processing to the level where a single instruction operates on multiple
elements of data. This process benefits applications that perform the same
operation repetitively on contiguous blocks of data, as in multimedia
algorithms. The 64-bit registers 410 may be mapped or aliased onto the
registers 414, but the invention is not so limited. Because the 64-bit registers
410 are a part of the floating-point state, there is no new state. When the 64-bit
registers 410 are aliased onto the 32-bit scalar registers 414, in accessing the
aliased registers, multimedia extension inshhctions inter.pre-t thé data as
packed integer bytes, or words, and floating-point instructions interpret the

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

18




each contain 32 or 64 bits. Figure 2 is a processor 109 of one enbodi nent.
The processoypbdBeaonpri ses a bus interface unit 202 that co@ﬁﬂ‘@-@”’%ﬂ
processor 109 to an external bus 204, wherein the external bus 204 is used
to communicate with other system devices. The bus interface unit 202

ARG R R M C RN L N Y

0105 S5 2853t PO S e e BB b

IZP?n '?fe d?n%" he .nbodi %e[g%c&%grdratstg Mﬁb%/%?h %&%'Wﬁgd Ph%é}%g%l nfq}gh%o : 28 ©
B1t|1§gfé?éi'9 916 8Poiié {aisﬂbt%gi?ghé %hﬁ?%gﬁt H&xﬁ?lhfe é%c%ea %t& ode 222

caches, and nmay®Issué reques ne b ace un The bus

interface ugy | ' : 208
1S ng. an® L1 pesiPE fBled fgpeieger e usbr EStRbRInG DldcaOfMORRES Bhirto  ® 208

Kbyt es, but o;fifinida¥R Bldntéht ahd '8 resporisiblé fqidts 1@%&9@& Addhe222 are

first level caches that can provide data in e clock cycfe on a cache hit.

A cache hit cgiefildtionMBils phsvidestiesied with the Sexdbiliepey chdbsehadadrhge
ot herwi se a cache m ss occurs, and the data is brought in frommain nenory

or the L2, gixed-point formats during the application in order to fully control the

dynamic range of values.

The 64-bit registers 410 contain packed, fixed-point integer data. Each
64-bit multimedia extension register MM0-MM? can be directly addressed by
designating a register name in the instructions. With regard to register access,
these registers MM0-MM?7 become random access registers; that is, they are
not accessed via a stack model as they are with the floating-point instructions.
Instructions that specify a memory operand use the 32-bit scalar registers.414
to address that operand.

Because the 64-bit registers 410 actually use the floating-point registers,
applications that use multimedia extension technology have 16 integer
registers to use. Eight registers are the 64-bit multimedia extension floating-
point registers MMO0-MM? comprising packed data, and eight registers are the
32-bit scalar registers 414, which can be used for different operations like
addressing, loop control, or any other data manipulation.

Memory and integer register operations support the movement of data
between the 64-bit registers 410 and the 32-bit scalar registers 414 or memory.
The 32-bit and 64-bit memory access support in the U-pipe 302 is used for
performing 32-bit and 64-bit memory transfers to and from the 64-bit registers
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second | evel, cache 206. The L1 data cache 220 services data |oad and store
requests iggHRMei¥ the load and store execution units; whenPaIMSeRMTLUr S,
the L1 data cache 220 forwards requests to the L2 cache 206. The L1 code
cache 222 services instruction fetch requests issued by the instruction
prefetcher. The processor core 208 conprlses | ogi ¢ responsi ble for

i nst ruct | 40- fRurthermoren the prosesser iuses thel)pipg 36 gfmmamfcrsbﬂtwenéhms
decodi ng jnstructjons . into reduced i stru tion set conputing (Rl SO

i nst ruct | Btegeran dmegdia PrACEPIIRG s anong register sets; and

di spatch, exec |on and retirenen cr The rocessor core 208
may run at spe S SQIrespomn Wﬁ?%ﬁﬁg"i‘grﬁmﬁ 10 gperate innvention i s

nmoicir 2°0L's”‘gaildeb9€?€?§ eche aﬁw?”&@a#m%sﬁ&ﬁwbﬁ%ﬁda@C“t ford han e
nt or r upt SRBITPY BRSRLS R iCoahiet, Ok SfUed iRl AR eSB!
xeout Lﬁaﬁﬁlﬁﬁ pr%’é@é%?“o?gbﬁﬁgqﬁ%t%@ﬁ%ﬁ‘?%&;‘ﬁféééﬁﬁécéﬁﬁ‘ e 322{ ar
ProCESSOr o -KeWv SR QA tyg:hl r&ﬁﬁﬁxé&%@ﬂﬁga&eﬂe&d

pi pel i ned” oatl ng- point unit, Wi ng 't he processor to execute two

i nteger i{gdray e amlsrégiétéﬁr&quﬁf ¥lerrléifts gé@@ﬁéﬁﬁﬁ CRiE padded two
instructions in each cl ock cycle one in each pipe, but”the invention is

~not so |i dohbléwdrd data type comprises two packed consecutive double words in a

64-bit register, or two elements per operand. The quadword data type
comprises one quad word in a 64-bit register, or one element per operand.

The instructions perform signed and unsigned arithmetic, logical, packing,
and unpacking operations on the data type boundaries. Furthermore, the
instructions allow for saturation or wrap-around to handle overflow and
under-flow conditions. The instructions of one embodiment comprise MOVQ,
POR, PSLLD, and UNPACK instructions. The MOVQ instruction transfers 64
bits among the first set of multimedia extension registers and among the first
set of multimedia extension registers and memory. The POR instruction
causes execution of a bitwise logical OR in the first set of multimedia
extension registers. The PSLLD instruction causes execution of a shift left
logical without carry across data type boundary in the first set of multimedia
extension registers. The UNPACK instruction 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. 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 instruction operates on a zero operand from
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Figure 3 is a dual data pipeline 300 of one enbodi nent. O her enbodi nents
may have oneypiggRkisge Or nore than two pipelines. The first [PCFUSNTDHe is
referred to as the U pipe 302, and the second logical pipe is referred to
as the V-pipe 304. During the decoding of any given instruction, the next
two instructions are checked, and if possible, they are issued such that
the first ofbesReaTeEsistes anda npnyzew operapd dram angthes seurae register.anidhe 304.

~1f it is not_possihle to pair . two instryuctions, the next .instruction is
i ssued to tﬁkcssﬁsap@pmaaﬁaﬂwq‘mgqmt% thig ZeXQ OREFANG- { he V- pi pe 304.

Sho ne 1t hey BB PHOEROR BEMUER rIPRSng the Ige bR med ek Slsiod ' "
310, 7 et r b sEEAPSSRp ol e foRlRES ekl BRPH Spat oh
314, add ' . . ' d i t eback
320, 1 not r oBTONCE ARRRRE oy e BB e AR A Relitfosfly, THe' ! o0
i nst ti : | ' ' 4
274 cache aebsidied Bromthg AokbhuL AL ALAGINAECpGafifcn fi packbnd |
conpri ses aﬂb&ﬁhgﬁso?ﬁma Whkdh @nthih!feGk bﬁhgléé‘f)feﬁis%h ﬂeaaxsgc ofttder

r ne embodi nent g

execution core. thernore, the processor of npri ses

three paral hginkkes Bi'the ikver@ioR)is adt 5O AniRid. Géhetal purpodd ABating PointOuf fer
(BTB) 402 with 512 entries, four 32-byte wite buffers 404, a Sét of 32-bit

instructions are used to operate on the set of eight 128-bit multimedia

extension registers XMMO0-XMM?, thereby providing the programmer with
the ability to develop algorithms that can finely mix packed single precision
floating-point and integer data. Furthermore, instructions are introduced to
control cacheability of packed floating-point data and integer data. These new
instructions comprise the ability to stream data into the eight 64-bit
multimedia extension registers MMO0-MM?7 and the eight 128-bit multimedia
extension registers XMMO-XMM?7 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
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 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 operations on packed
quadrate data types, or byte, word, and double-word data types. This
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scal ar registers 414, a set of eight 64-bit registers 410, a set .of eight
128-bit %W‘ﬁ extension registers 412, and a return stRCEUSHG4T2 ( RSB)
406. The B 2 holds a history of branches that were m spredicted during
the execution of an application. It stores the address of the m spredicted
branch instruction, the branch target address, and the result of the

mi spr edi capproachlisnsed beeaise mostt30) graphics amddigital aigniah prodessimganch
prediction unit uses this information to predict the outcone of the branch.
The RSB 4(3SRiapplications have chaactgristics compriping theifollowngs inherentlgdur es
that are called fromdifferent |ocatipons, in successjon. As previously

di scussedPA Wl icgange. henes floating-peint based; regular paditges, the

U pi pe 302 and, the V-pipe 304. Thes i,pel.i nes 302-304 operate in parall el
and may sQSFHFRER FCrSH %@‘%&0‘%&&@9 TERSCHHARG QPR Severy cl ock

it 1 or s ABTIORRRRIAR) e et S s R TR g, o
over] PP 19, DA S B A RSl BRSPRHSBAI o 00
1L ebac it B5cPOPGISRIERD AR AR PSR FISH o7
I nstruct ! efbisters XMMO-XMM? hold packed 128-bit data. In one embodiment, the

principle data type of the 128-bit multimedia extension registers 412isa"

packed single precision floating 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 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

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

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

the IEEE standard. The sign 502 is a binary value that indicates the number is
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could be in the prefetch stage, one in decode, one in execution, and one in
writ eback. Agyguom¢sasus! y di scussed herein, parallel processi REMPPEMIZ,

- single instruction operates on multiple elements of data is often referred
to as Single Instruction Multiple Data (SIMD). The set of eight 64-bit

wner e a 5i ngPERvedO QX RPRAPGIal oTes SEredfapE S0P oo8 reRaeS o1 sPRaT 5

o cont 1 guogieBrba asp el kol BTGl BRSO 10 TR OB, 7
B A N
410 are al | SEEHC e The b S0r MR itfeer P rontbste Mevdeih o'
aliased reg Sto Whiic itﬂggjrggg’ge%\ggﬁjfﬁqgﬁigéd‘ructions interpret the data as

pﬁcked i n'ée er bytes, or wo | oat1 ng-point instructions interpret
the same data as Régt‘éxd'ﬁt@tﬂléﬁl% data Rmatd, HRbh AGIPIIHBit ammgge. Equal | y

i nportant 18 is~that "t he rrurfti nmedi a ext engi on instructio have access
to the ei ghteofifstisentfeoa SAgh pretidirsfl@iting!point Audilsérs.i The 128 biteari ght  32- bi t
scal ar registers 414. Three packed data types and a 64-bit quad-word are
defined for riiAbéréd 0 through 127, wherein bit 0 is the least significant bit (LSB), and bit

127 is the most significant bit (MSB). The bytes of the packed 128-bit data type

of one embodiment have consecutive memory addresses, wherein the
ordering is little endian, that is, the bytes with the lower addresses are less
significant than the bytes with the higher addresses.

Regarding register data formats, values in the 128-bit multimedia
extension registers have the same format as a 128-bit quantity in memory.
Two data access modes are supported, a 128-bit access mode and a 32-bit
access mode, but the invention is not so limited. The data type corresponds
directly to 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
except zero and denormalized finite numbers. The exponent of the single
precision data type is encoded in biased format. The biasing constant is 127
for the single precision format.

When storing real values in memory, single-real values are stored in
four consecutive bytes in memory. The 128-bit access mode is used for 128-bit
memory accesses, 128-bit transfers between the 128-bit multimedia extension
registers, and all logical, unpack and arithmetic instructions. The 32-bit access
mode is used for 32-bit memory access, 32-bit transfers between the 128-bit

multimedia extension registers, and all arithmetic instructions. The 64-bit
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bit registers 410 of one enmbodi nent. Each elenment within the packed data
types is guHogegdapoi nt integer. The user controls the pl acerci/usda®o4izxed
point within each elenment and is responsible for its placenent throughout
the calculation. This provides the user with the flexibility to choose and
change fi xed- poi nt .formaég; during the application in order to fully control

the dynarficeessangde i used foz $4-bikmegaorny; accessy bbit ransferschatween thewcked,

fi xed-point .integer data. Each 64-bit nultjnmedja extension regqgister MVD- MW

can be. dilo8dit i—%@@é%ﬁlmg@we@aﬁmmﬂwsf

instructions. Wth regard to,.redpst.er access, these regjsters MVD- MW/

Ibecorrg rlﬁ?ﬂ?ﬁﬂlﬁ 8?’5(3%8@%5‘?@%?1%%? W@Wﬁéélemslﬁ&mg’é@&s ed via a stack

nodel as the re. with..th | pati ngipqQint jnstyuctions. lnstiructions that

specify a rre?lmfts‘ze ’68%@“3&%"?% %’%bﬁﬁf‘mg]&g‘%ﬁd e%ﬁ??%r%“ai to address

t hat oper PaY] .eql t .

floati Ir[:g- (0] ﬁ?ggégl sqeégﬁt%égpﬁ%élg%ﬁgﬁ%%%%aﬁg%x er?]sllogn

technol o é@.' ifi ol (SFH i | s e 64-bit

mul ti nediqgle_rg%%ﬁ o_ne%rﬁgatl nﬁ%&?ﬁ?#ﬁ%ﬁ%ﬁgfg’ %%W'i% ri g:éﬁ%{vgacked

dat a, an%@}ﬁ%&%ﬁ@f&ﬁﬁ&%%ﬁ?& éfégéfanﬂgg e shigtvs i ch can be
s |1 ke addressing, |

used for different operatio oop control, or any other
dat a nanlséulaatihﬂmucti&mspmaﬂﬂ% lon! thg9éast Signifi€int S thener ahdls;t he
novenent of data between the ©64-bit registers 410 and the 32-bit scal ar
r egi st er sfof sdalar operations, thedhsce Wpperarvinpdndnts fromhey fisstopesarsdipport in the
U-pi pe 302 is used for

passed through to the destination. Alternatively, the three upper components

may be zeroed. In general, the address of a memory operand is aligned on a
16-byte boundary for all instruction, except for unaligned loads and stores.

The instructions of one embodiment comprise a Shuffle Packed Single
Precision Floating Point (SHUFPS) instruction. The SHUFPS instruction is
capable of shuffling any of the packed four single precision floating point
numbers from one source operand to the lower two destination fields; the
upper two destination fields are generated from a shuffle of any of the four
single precision floating point numbers from the second source operand.
Figure 8 shoWs the packed shuffle operation (the SHUFPS instruction) of one
embodiment. By using the same register for both sources, the SHUFPS
instruction can return any combination of the four single precision floating
point numbers from this register.

In one embodiment, scalar integer or memory data may be converted in
parallel using the instructions provided herein to a packed floating point
format. The packed floating point data is manipulated to provide the graphic
data used in 3D image rendering. Following manipulation, the packed

floating point graphics data are converted in parallel using the instructions
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performng 32-bit and 64-bit nenory transfers to and fromthe 64-bit

regi sters 19woookdédds Furthernore, the processor uses the U- piRSE/ER909452
transfers between the integer and nultinedi a processing data paths. The

i nstructions corresponding to the 64-bit registers 410 operate in parallel

BQC&% "o Sa&é%eﬁ’iéé‘i?&%%ﬁ?rd’ 'ﬁ?éﬁ%ﬁq%ﬁ?ﬁ“%%kg@%e&“a R gt

oper Sgg.cz?ﬁigms@”t dlee ami eﬁf@a%&é'st o#h Shliasin Baf bee fEREocut | ve wor ds
-bit . " .

daa cype cOMRRPE pyBhelchea R TRRcRos BATHRISIMEELER, o o

aﬁghs\tl\g:a ?#‘;}%‘??&%@s o %5@%9'12%-'@%”:&& § agég@%@&%% ri ses one

or one enen er o

| nst T uct | ONShRAIEA BB Wi IR 18EibieP BF bdmoty BbGALoRACINAY.  and

unpacki ng operations on t a type ari es. nor e,

i nstructi On%@glls%cﬁehs dRbMé einbRRifbnt ¥ GRpREO LBV driiol 3Rsthectidre thhow and

under-flow conditions. The instructions of one enbodi ment conprise MWVQ
POR  PSLLD, sagﬁng%%ﬁ%d iaAg skalat cofversibhs bivéer fhel128dit Riultimedsd ers 64 bits
s

anong the fir of nmultinedia extension registers and anong the first
extension registers and either the 64-bit multimedia extension integer registers
or the 32-bit integer IA™ registers.

Figure 9 shows architectural registers supported by the register file 150
and the corresponding conversion instructions 910-928 of one embodiment.
The register file supports a set of scalar 32-bit IA™ registers, a set of packed
integer registers 904, or 64-bit multimedia extension registers, and a set of
packed single precision floating point registers 906, or 128-bit multimedia
extension registers, but the invention is not so limited. In one embodiment, as
previously discussed herein, the packed integer registers 904 may be aliased
onto the memory space of the scalar registers or the system memory 902, but
the invention is not so limited.

The conversion instructions 910-928 corresponding to the registers 902-
906 of the register file 150 provide an efficient means of converting between
SIMD floating point data and SEIMD integer data during data conversion
between the registers. The conversion instructions comprise, but are not
limited to, a Convert Scalar Integer to Scalar Single Precision Floating Point
instruction (CVTSI2SS instruction) 910, a Convert Scalar Single Precision
Floating Point to a 32-bit Integer instruction (CVTSS2SI instruction) 912, a
Convert Truncate Scalar Single Precision Floating Point to Scalar 32-bit Integer
instruction (CVTTSS2SI instruction) 914, a Convert Packed 32-bit Integer to
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set of multinedia extension registers and nenory. The POR instruction
causes exegidoBee9f a bitwise logical ORin the first set oOPCIMIBIYONRI a
extension registers. The PSLLD i nstruction causes execution of a shift |eft
| ogical without carry across data type boundary in the first set of

mul ti medi acigterjsi on regjsters. The UNPACK instruction interl eaves data by

]taki ng ork efPFSﬁpréﬁgffthﬁ@?]%b@mmsmcﬁm)%%f-bopdi ng
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of 3D gr apipLkeaRlbit Rite M&%ﬁ@ﬁ'r(r%vmm itfiﬁ‘ﬁbﬁ?]gﬁﬁ.enSi- on

technol ogi es. The associated progra ng nodel uses 1 hstructions that

operate on newrRaCeadeft Sealar Hit '&SSé@&@Sihﬁ\l}?PréMHi&thdm&@PoihPur single

precision floating point nunbers, but the ifvention is not "so limted.
Cener al  pmsfwetion (CVTSIREidstuction) 910 of one embodiment converts a signed

32-bit integer from a 32-bit scalar, or integer, register 902 to a single precision

floating point number. The single precision floating point number is placed in

-a register of a set of 128-bit multimedia extension registers 906. Alternatively,

the CVTSI2SS instruction 910 converts a signed 32-bit ixiteger from memory to
a single precision floating point number, wherein the single precision floating

point number is stored 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 register.

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

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

number in the integer format is converted, at step 1004, to a number in the
floating point format. The floating point format of one embodiment is a 32-bit |
single precision floating point format, but the invention is not so limited. In

one embodiment, the step of converting comprises accessing rounding control
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instructions are used to operate on the set of eight 128-bit nultinedia

ext ensi on r egovo@Ess XMVD- XMWZ, t her eby provi di ng the programi’ﬂm%ﬁ”/ﬂ%f’he
ability to develop algorithns that can finely m x packed single precision
floating-point and integer data. Furthernore, instructions are introduced

to control cacheabilit acked .fl oating-paqint data and integer data.
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doubl e-word dat a types. This 21

preserving upper segments of the register unchanged, but the invention is not

so limited.
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The Convert Scalar Single Precision Floating Point to a 32-bit Integer
instruction (CVTSS2SI instruction) 912 converts the least significant single
precision floating point number from a 128-bit multimedia extension register
906 to a 32-bit signed integer. The 32-bit signed integer is placed in an JA™
scalar 32-bit integer register 902. When the conversion is inexact, rounding is
performed according to the contents of a control and status register.

The Convert Truncate Scalar Single Precision Floating Point to Scalar
32-bit Integer instruction (CVTTSS25I instruction) 914 converts the least
significant single precision floating point number from a 128-bit multimedia
extension register 906 to a 32-bit signed integer. The 32-bit signed integer is
placed in an IA™ scalar 32-bit integer register 902. When the conversion is
inexact, the result is truncated implicitly without the step of accessing a
rounding mode from a control and status register.

Figure 11 is a flowchart for converting a number from a packed floating
point format to a scalar format (the CVTSS2SI and CVTTSS2SI instructions) of
one embodiment. Operation begins at step 1102, at which a plurality of

numbers are stored in the floating point format in a register of the second set
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approach i s used because nost 3D graphics and digital signal processing
( DSP) appl@a%}sﬁag have characteristics conprising the fol | pei/nige9/09472

i nherently parallel; w de dynam c range, hence fl oating-point based;
regul ar and re- occurring nmenory access patterns; |ocalized re-occurring
operations_ perfornmed on the data; and, data independent control flow In

one enmbodpheichitegiugak registersiin ageacked ifopmat dconegmbodimentfmir XMW ar e
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m nus infi to plus infinty. Because the siz i sters

that any ﬁ?ﬂ{élﬂ%thfé oﬁﬁ‘f@nhﬁtisicﬁhbéﬁed%#flfﬂ@%hrﬁﬁnﬁ@ﬁnrtﬁél - nunber

conti nuum can be ust in real - nunber cal cul lons. As the subset pf rgal
nunbers t e érm.cqheﬁnﬁgeﬁWt&qudma@a_taz—mhﬂ@%wx' mation of
t he real -nunber system the range and precision of this real-hunber subset

I S ng et er mfmeRat)put the invention idiadt sdlmitedc dasie ambodinteriteiftheent real
nu ers.

CVTSS2SI instruction, the step of converting comprises accessing rounding
mode bits from a control and status register, and rounding the number in the
integer format according to the rounding mode indicated.

In one embodiment of the CVTTSS2SI instruction, the step of
converting comprises fruncating the number in the integer format implicitly
according to mode bits in a conversion instruction. The truncate operation is
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 roundihg mode, the truncate rounding mode is generally
employed when converting from floating point to integer. Changing the
rounding mode typically requires changing the rounding control in a control
status register. Encoding the truncate rounding mode in the instruction
avoids updating the status register because the rounding mode specified by
the instruction overrides the status register setting.

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

architectural registers in a scalar format, at step 1106. The fir_st set of
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To increase the speed and efficiency of real-nunber conputations, conputers
typically rewpsssgissr eal nunbers in a binary floating-point RETRRINIMA2this
format, a real nunber has three parts: a sign, a significand, and an
exponent. Figure 5 is a binary floating-point format 500 used by the
128-bit multinedi a ei<ter)si on regi sters of one enbqdinment. This farmat
conforms t o 2FHBteckial Weisiers may tRmpIisg eight 32 bit zegisters, bud the jmventen is
—indicates the nugber is 22 positive (0) or negative (1). The significand
506 has twoTPAFPSL '-bit binary integer 508, also referred to as the

LT, e Rl IO Sl PobE g
504 i [ AV - .0 _Whi t

01 1 O R R | OTPEAR £360LIok A B APl L1
120-D1 Lt kB GORPE 565 QiSRG 5100 Bt 40001 AT S

si gni ficant 1big | K9ati gggﬁt hE&sS | | . The
byt es of théﬁ psag ed 1?5?8%1@32%%%@%?@?@ ne enr%gg&ﬁggpa%?\éég#s@?ﬁtive
menory addr Qﬁﬁﬁﬁg Ribefarepissed i 4 28 bit @ tigdiABxtehbidh ﬂegistérhe byt es
with the | ower addresses are less significant than the bytes with the

hi gher addr @962 When the conversion is inexact, rounding is performed according to a

control and status register from memory. The upper two significant numbers
in the destination register are zeroed.

Figure 12 is a flowchart for converting a number from a packed integer
format to a packed floating point format (the CVTPI2PS instruction) of one
embodiment, Operation begins at step 1202, at which a first plurality of
numbers in the integer format are stored in a register of a first set of
architectural registers in a packed format. In one embodiment, two numbers
are stored in the integer format, but the invention is not so limited. The
integer format of one embodiment is a 32-bit integer format, but the invention
is not so limited. The first set of architectural registers may comprise eight 64-
bit registers, but the invention is not so limited. At least one number in the
integer format is converted, at step 1204, to at least one number in the floating
point format. The floating point format of one embodiment is a 32-bit single
precision floating point format, but the invention is not so limited. In one -
embodiment, the step of converting comprises accessing rounding control bits
in a control and status register, and rounding the number in the floating point
format according to the rounding control bits. At least one number in the
floating point format is placed in a register of a second set of architectural

registers in a packed format, at step 1206. The at least one number in the
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Regarding register data formats, values in the 128-bit nul tinmedi a extension

regi sters hpyookdrdssame format as a 128-bit quantity in nmenpgrusismosmat a
access nodes are supported, a 128-bit access node and a 32-bit access node,

but the invention is not so limted. The data type corresponds directly to
the single;precision format in the | EEE standard. The fraction part of the
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access is allowed to all of the 128-bit nultinedi a extension registers.
In one embodiment, there are several variants 922-926 of an instruction

that converts packed single precision floating point values in a 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 register 906 to two 32-bit
signed integers. The two 32-bit signed integers are placed in a 64-bit
multimedia extension register 904. When the conversion is inexact, rounding
is performed according to the contents of a control and status register.

The second variant is the CVTPS2PW instruction 924 that converts four
single precision floating point numbers in a 128-bit multimedia extension
register 906 to four 16-bit integers stored in a 64-bit multimedia extension

- register 904. The third variant is the CVTPS2PB instruction 926 that converts
four single precision floating point numbers in a 128-bit multimedia extension
register 906 to four 8-bit integers stored in the lower 32-bit field of a 64-bit
multimedia extension register 904. Other possible variants include integer,
byte, and word versions of conversion instructions that operate on data in

integers, bytes and words, respectively.
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The instructjon set of one enbodi nent used to operate on data operands of
the 128-bit wolobisgmsi a extensi on regi sters operates on eithePCIVUSIYO4The
| east significant pairs of packed data operands, in parallel. Figure 6
shows the packed instructions operating on a pair of operands. Figure 7
shows the scalar jnsfructions operating on the |east significant pair of
the two operands; onvert Trungate RackadsSingledPrenision Flopting Pointdodtacked r om
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sources, the SHU instru€tion can return any conbi fration of the four
singl e precision Fj ﬁi@ﬁ@ﬂbﬂ&&%ﬂ&%&%}&@%h%ﬁ&q}&w JRAMRti
enbodi ment, scal arg?nt eger or nenory data may be convert_eopalln parahlngl
using the i nsdiftifsrirenso ppacked thtegerdfofmhd (the CACKRSEPT aadiCVyTPS2PY f Or Mat .

The packed floating point data is manipulated to provide the graphic
instructions) of one embodiment. Operation begins at step 1302, at which a

pont
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second plurality of numbers are stored in the floating 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 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 one
embodiment is a 32-bit integer format, but the invention is not so limited. In
one embodiment of the CVTPS2PI instruction, the step of converting
comprises accessing rounding mode bits from a control and status register,
and rounding the number in the integer format according to a rounding mode
indicated by the rounding mode bits. In one embodiment of the CVTTPS2PI
instruction, the step of converting comprises implicitly truncating the number
in the integer format according to a truncate mode indicated by the conversion

instruction. The number in the integer format is placed in a register of the first
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data used in 3D i mage rendering. Follow ng mani pul ati on, the packed
floating pQydlesMEaphi cs data are converted in parallel usinge@1ness9/09472

i nstructions 24 described herein to a packed integer format. The packed
integer data are used to render an image display. As such, an application
may use 128-bit Il ti medi a extension register instructions in conbi nati on
Wi th 64- bi ?etrﬁflaﬂf%%fﬂrqgé%te& I ﬁ?@d&f fasmatoat step 1806. Fhe firstset of
extension register jnstructions in conhinajjon with scalar register or
memory i nsf tertirel TegIRiErs IR Cpﬁmﬂ%&lslafré‘i-glft registersihittithe inventies iss e
conver sion_instructions that support packed and scalar conversions between
the 128-bi @ FFW ‘a extension registers and either the 64-bit nultinedi a
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a set of p ating point registers 906, or 128-bit

mul ti medi a ext eFggre 1458 afEWharb Wr 4 Sohd\WaRidn® IndtPudtiin GRd fori ted. 1n one
enbodi nent, as previously discussed herein, the packed I nteger registers

904 may becohvertiang a number from a packed floating point format to a packed integer

format (the CVIPS2PW instruction). Operation begins at step 1402, at which a
plurality of numbers are stored in the floating point format in a register of a
first set of architectural registers in a packed format. In one embodiment, four
numbers are stored in the floating point format, but the invention is not so
limited. The floating point format of one embodiment is a 32-bit single
precision floating point format, but the invention is not so limited. In one
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 ét 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
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 rouhding mode bits. The numbers in the
16-bit integer format are placed in a register of a second set of architectural
registers in a packed format, at step 1406. The second set of architectural
registers may compﬁse eight 64-bit registers, but the invention is not so

limited. Following the conversion, each 64-bit register may comprise four 16-
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onto the menpry space of the scalar registers or the systemnenory 902, but
the inventi owo®sepes so |imted. The conversion instructi ons FCITUS3989472
corresponding to the registers 902- 906 of the register file 150 provi de an
ef ficient neans of converting between SIMD floating point data and SI MD
data cgnversion between the registers. The conversion

i nt eger data,durin
i nst ?uct i on@t(’:‘bq‘ﬁﬁﬂ%ﬁ?rﬁﬁfmﬁg %@Rntgpﬁq\?e@a\etlg& t dopting poiot segisterhwger to

Scal ar Si ng%}eg[.Pr .si on_ El oating,Point instruction (CVTSI2SS instruction)
910, a Converi™ %ﬁ#%‘?lssﬁl%gspe‘" 'ECi sion Floating Point to a 32-bit I|nteger

S SRR Ao Ot WY &7
et onkSib SRR REla FOGHRE At b cEOBHH ikeen (REA TSNS
Packed S MOTPSOPEAREIGY! (DR bed e RPE1SE2 RS BEISH LoL "

conpr i si Ny AufaKbRSRRWtbRTH YRS heaﬁﬁggpﬁmgfﬁg%ﬁﬁ%@éﬁ HehlBneP20, and a

Convert Truncate Packed Single Precrsion n 32-bit

I nteger i nsirchiteétaral(relbinSarh padéd friAN In 328 embiRtimeRY $6ir maRibafs | Nt eger

to Scalar Single Precision Floating Point
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 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 1504, to at least one number in the integer format.
The integer format of one embodiment is an 8-bit integer format, but the
invention is not so limited. The step of converting of one embodiment
comprises accessing rounding mode bits from a control and status register,
and rounding the number in the integer format according to a rounding mode
indicated by the rounding mode bits. The numbers in the 8-bit integer format
are placed in a register of a second set of architectural registers in a packed
format, at step 1506. The second set of architectural registers may comprise
eight 64-bit registers, but the invention is not so limited. Following the
conversion, each 64-bit register may comprise four 8-bit integers representing
the contents of one 128-bit floating point register, but the invention is not so
limited.

The conversion instructions retain SIMD parallelism even though the
widths of the registers are different. For conversions from the 128-bit to the

64-bit multimedia extension registers, the lower two SIMD floating point
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I nstruction (CVTSI 2SS instruction) 910 of one enbodi ment converts,a signed
32-bit mthggwgmgn a 32-bit scalar, or integer, register 9FCIESINOMTAGl e
precision floating point nunber. The si ngl e precision floating point nunber
is placed in a register of a set of 128-bit nultinedia extension registers
906. Alternatively, the CVISI 2SS instruction 910 converts a signed 32-bit

i nt eger f relementanrg copverted @B&W!@&gﬁrdﬁmematpangopmmonmmnomﬂ ein

t he S|ngle preC|S|on floating po er.is stored in regi ster_of a set

or 1281 hﬁ*ﬁwmaﬁ*w@ W““"“Ef‘éﬁ?%‘%‘?%?’f“s are
status. 1 oUPbe Bk flo:‘%"fz‘"ﬁm‘i?*‘?i‘?ﬁm m*"”‘é’?ﬁiﬁ%‘ém*‘:‘fusm !
SI o(r)(ra]g ?Wm “ﬁf Eg[ﬁ@ﬁ ct?é‘& gk%g{é%s?wﬁ gformﬁrs ﬁlﬁﬁ E,ectural
gg_glblsz e:’ ﬁtt}\g%g- SCa e i or mb‘% nt eger qn e% gfa{) %%&me | tS 2.et
32°b1 110G LY iver o e BALOR e Pabd Btk in HE e ©

i nvention @%&ﬁsbffﬂéﬁé’a g;gommiblmuuﬂ%eayé&&aslbﬁ&ea% rstuéonverted

at step 1004, to a nunber in floating point format oatl ng poi nt

format of @pfezeﬂwmﬁwits bftte fidatitig ?éinlmizs-bﬂrﬁﬁlt&h@&ﬁéﬂéﬁslﬁﬁr sty

f ormat , he invention is not so limted. In one enbodi nent he step of
convertin greﬁ@dmrumanged;.emsr@pmudd bfipassing ted upper elements through

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

data.

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

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

coordinate has-a corresponding color value froma particular color model. A
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bits in a coptrol and status register, and rounding the nunber in the
floati ng poiwpoh@szg®t according to the roundi ng control bitsPCTRiSI32r in
the floating point format is placed in a register of a second set of
architectural registers in a packed format, at step 1006. In one
enbodi nent, the second set of architectural registers conprises eight
128-bit regicolasmodelis aspecifisatdon pha 3Dscalor conydiniate sysfemEinel s visiblef pl aci ng
t he nunber -in the f] oati point format in a register of a second set of
ar chi t ect ur &1bsetdndhe peo te Shpfemswithin which all gologsrisea partiaular dalomt i ng
point format in a]&{go st. se nt of the regqi sger and preserving uppe

|

segnents of S@fRt %?%%ﬁg%‘&}‘tbﬁﬂs‘ﬂbﬁétp 3l wisiblg chromaticitigs.| Fon '[ed.
ot ruct & on SrePFRe e T4 BRY EearTIs) wis TB) o hrmorel R af s it bt
eotster so8upEtot 88 s CuRRl Ritplie SYHRC e piimoegat a kvanedelis
Conver si on’ 18 R oy epddneh o 8F S hRM TSRl lor s*Pi THRRGE s of a
Froat i no- PoPur e s Sdige pririd K Iha He IRl BbO & eefr .21 Ton)
914 conver t rifigry HRddedapkéthed 8 yitld eredlift 2@ f1oating point nunmber

froma 128-Bit mul tinedia e_gten3| on register %@to a 32-bit signed
integer. The 32- (fHe il@& 6fledchiFieN inl sScomposited multimedia image is computed

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

In multimedia algorithms, data parallelism can be exploited in many
different ways. One possible way is by executing the same operations on all

elements of a color plane. This method involves organizing the information
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placed in an I Aferr] scalar 32-bit integer register 902. Wen the,

conver si on“';&gd',gkﬁgact , the result is truncated inplicitly wpdrmsonde2 st ep
of accessing a rounding node froma control and status register. Figure 11

is a flowhart for converting a nunber froma packed floating point format
to a scalar format (the CVISS2SI and CVITSS2SI instructions) of one

enbodi nentfor @pdmagedn memony bistaring thelidrageby aplor planeg)| Condequently, nunber s
are stored jin the floating point format in a register of the second set 27
of ar chi t el of the R cgmponents areat suegessive adezesses in mesnemyhaliofthe G f our

o ' mt ocOPRNGIt 7% A5OASSHECoRON AACESSE AT A5uRR AR SIPNA 1 o1 ngl o
oo o BTk BBk PSR R B A
otural i 1y B Shisepblioh el il of ool e 30 ot % e84 pmlpEFoiponifies, o
embodi mont PHLBAT 13t BstiVE MO ERES 1 &Rl ko B0k o Bhen OFihe BB 1y 1 ca.
compr i st AEnBREeE oty Mooy Sl Sy R Bl the colfesf iRl cGAMERERED ¢,
and roundi §ihiephaBlie in'h dihgle memory access. Executing the operation by color

plane and using multimedia extension technology to compute in parallel on

four elements of a given color plane allows for the exploitation of data
parallelism.

A second method for exploiting data parallelism is by executing the
same operations on all color elements of a pixel. This method involves
organizing the information for an image in memory by storing the information
.about each image so that the three color components, R, G, and B, and the

. alpha component, of each pixel are at successive addresses in memory. In
using the multimedia extension technology, one memory access takes the
RGBA components for one pixel and executes in parallel operations on all the |
representative components of the pixel.

A further example of the exploitation of data parallelism in multimedia
applications involves manipulating coordinates of points in space. Using this
technique, data parallelism is exploited by executing the same operations on a
given coordinate or by executing the same operations on all points of the
space.

The instructions disclosed herein allow for the parallel conversion of
multiple single precision floating point color values to a specific integer

format. One application described herein, but to which the invention is notso -
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I nteger format according to the rounding node indicated. In one enbodi nent
of the CVI TSydJesesagt ructi on, the step of converting conpri s@CTVUSIHE22 ng
the nunber in the integer format inplicitly according to node bits in a
conversion instruction. The truncate operation is thus inplied by the
conversion instruction, and the processing tine required to access the
control and dimited, usegitis esnversidatinstructiors foo thedpargllebhamvessien oflighting .
Typi cal applications performfloating point conputations using the

r ound- t o- nearfanttiomdath inBDgoaphich eFigureat@isa flowohandonthedightingener al | y
enpl oyed when converting fromfloating point to integer. Changing the
roundi ng nodeconyprtatiphyin SBygeametry imndiichytheinstruciahisef areembodiment arent r ol
status register. Encoding the truncate rounding node in the instruction
avoi ds updat iusgd: [Rperation begingias step 1602aatswhicha lightintengitydsicomputed.i 8d by
the instruction overrides the status register setting. The nunber_in the

i nt eger f or mdightsolaramdee isrompatgsatstep 1694, forf eachivestex. dhedighticolast ur al
registers in a_scalar format, at_step 1106. The first set _ of 28

ar chi t ect ur alvaldg ;ssct%wgrﬁeaﬁr%rﬁoﬂ%@gep@m foymaiitp apaptegepformal, it steR

vention 1S IOk, Shesin il Sling Mt RN B S ), e (4850 11 B
color components are converted into integer values.

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

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

color values-in an integer format, at step 1704: Figures 18a and 18b are data
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Point Instruction (CVIPI2PS instruction) 920 converts two 32-bit 'signed

i ntegers f ragodsddds bit nul timedi a extension packed integer rrJiEsenHsd to
two | east significant single precision floating point nunbers. The single
precision floating point nunbers are placed in a 128-bit multinedi a
extension regi ster 906. When the conversion is inexact, rounding is
perforned aflowrdingrpmeobtheqraratlel conyessian of grapjhistcelorfdatausignthe. The upper
two significant nunbers in the destination register are zeroed. Figure 12
is a flowh@VITPS3PI instinstionrof cnerembedinterdmin thisemebbdinmerdgit if necessaryo a
packed floating point format (the CVIPI2PS instruction) of one enbodi nent.
Oper ati on bieglampthestalye SE@QE}U%E pointopesands usedyin canviersionfof graphics in t he
i nt eger formsit re stored in aﬁggister of a first set of architectural
registers iFPSrgé'@J@cﬁ' BEvates. [Thigsanecesssay besruse somneohherdatare stored in
the integer_fornmat,. bu%\féﬁﬁ invention i.s not. so. Jimjed. The iat eger format
of one enmboth afions wosildcreate mearingless,yalues jf t afipgRAinbdatawanht so
limted. The fi :ﬁi‘ s%t %1; a#fhi tectural registers may conprise eight 64-
bit regi st e AR RSP WE i on is not so limited. At |east one number in

b HTeatho' SRR SEP 6 e BB ASEBNT T,
5251 1 0kl S B SBAOB R BRI DUl VR YROIERT e " °

roundi ng copwréy 6@51918@-@04%%?23-@1@%@%%5Wﬁfg&? gﬂgggcéﬁwgﬁ-b&g the

nunber in the floating point format acc I'ng control bits.
At | east onfufibErein the ihkger format. Following this step, the third and fourth 32-bit

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

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

numbers in the integer format from a second 128-bit register XMM!1 are placed
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floating poipt format is placed in a register of a second set of

archi tectur ayonesé2dsers in a packed format, at step 1206. ThPCRMUSIHAMET2 One
nunber in the 29 floating point format may conprise two nunbers, but the
invention is not so limted. In one enbodi nent, the second set of
architectural registers conprises eight 128-bit registers, but the

i nvention i s imatthird 64-bit registeTIMMI| axpd te thint and fairth 02bit mnebetsihahei N t he
floating point format in a register of a second set of architectural

regi st ers nayjntegepformatifromithe secondri28bit segistet XML azé 'Fhaed@ﬁ atfoticthmat i n
a lower half of the register and preserving an upper half of the register
unchanged, b@#-hihregistee MM4n The first argbsdcondi32ebit humbees inthedhteget fortimtr e
are several variants 922-926 of an instruction that converts packed single

preci sion fl é’éﬁmr@gt_hb"(ﬂ_ H8-bigregister X\MM2zge placedhiniai fifith bé-bitregisterMM2,gi st er
e R i e b oo
031110 Pol ok Ratkerb SRablt. LILSFE! LSk on, (OTRRERL Luet ructi on)
S gned i nt oqanetits Snptisnfiihe B el S2coR of i Eimperriode inlkedn ol 1
mul'timedi a et eRsi Al SR 1288 reIRD (LSRN kel in' 0% 85 64 BH" U1 N

register (not shown), and the third and fourth 32-bit numbers in the integer

format from the fourth 128-bit register are placed in an eighth 64-bit register

(not shown).

The step of assembling, step 1708, generally comprises manipulating

the contents of the set of six 64-bit registers MMO0-MM5, wherein the

manipulation results in each 64-bit register comprising the color components

that define a pixel. Specifically, in one embodiment, following the step of

placing, step 1706, each register of the set of six 64-bit registers MMO-MM5

comprises data for one color component of each of two pixels. Therefore, the

step of assembling, step 1708, comprises a logical combination of the first three

registers MM0-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

the three 8-bit color components define the color of a pixel. The contents of

the first combined register 1850 are placed into register MMO.

The logical combination of one embodiment comprises performing a
bitwise logical OR 1899 of the contents of the first MMO and the second MM1
64-bit registers, but the invention is not so limited. The bitwise logical OR

instruction performs a bitwise logical OR on 64 bits of the destination and
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I's perforned according to the contents of a control and status register.
The secondyqéds Is the CVTPS2PW instruction 924 that conPeTIUSI9/00472
single precision floating point nunbers in a 128-bit multinedi a extension
register 906 to four 16-bit integers stored in a 64-bit nmultinedia
extension register 904. The third variant is the CVTPS2PB instruction 926

that converghirdeOsiberahdl§ hfid Wiifdsthe fesulor) thedzeingtion wegistey. Eacka bitast- bi t
mul ti medi a extension register 906 to four 8-bit integers stored in the

| ower 32- bithe réstiltlisaiet to 64 thetconesponditigebiesivsthaperandsae0; d8derwibdier
possi bl e variants include integer, byte, and word versions of conversion

i nst ruct i orthe bilzis 1opebitwdselogical OR is thengurformerl oftheaesultvof thee first
respectively. 30 The Convert Truncate Packed Single Precision Floating
Poi nt to Pdogiedl gperation 1898 gud thasontents ofithealdrir&bit register M2 nTh® 23
converts the two | east significant single precisjon floating point nunbers
from a 128-nesult of thesedwiodogical pperations ds a fiast aumbingdibdcbib register 48%hed
integers. The two, 32-bit_sjgned integers are placed. in 64-bjt I timedia
ext ensi on reogRHEngdhree §rRi ColorLompoRents %ckv Sfeacdiest 1820718 t is

truncated inpli ¢i Lt hout the step of accessing a rounding node froma
cont r ol antf%?%&&bga'ég&‘é?&ei‘ Figure 13 is a flowchart for converting a

nunber: from a pa%%goéér?g tl(')gnlgal combination is performed of the second three
- registers MM3-MMS5 of the set of six 64-bit registers MM0-MMS5, wherein the
combination results in a second combined 64-bit register 1852 comprising
three 8-bit color components for each of a third and a fourth pixel. The logical
combination of the second three registers MM3-MMS5 of one embodiment
comprises performing a bitwise logical OR of the contents of the fourth MM3
and the fifth MM4 64-bit registers, but the invention is not so limited. A
bitwise logical OR is then performed of the result of this third logical
operation 1897 and the contents of the sixth 64-bit register MM5. The result of
these two logical operations is a second combined 64-bit register 1852
comprising three 8-bit color components for each of a third and fourth pixel.
The contents of the second combined regiSter 1852 are placed into register
MM3. In an alternate embodiment, transparency data may be manipulated
along with the R, G, B data of a pixels, wherein the two remaining 8-bit slots of
the combined 64-bit registers will comprise transparency data for the
corresponding pixel.
In one embodiment, the CVTPS2PW instruction previously discussed
herein is used to convert the color components in the floating point format to
color values in an integer format, at step 1704. Figures 19a and 19b are data

flow diagrams of the parallel conversion of graphic color data using the
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point format to a packed integer format (the CVIPS2PI and CVTTPS2PI

i nstructi onsywodb/segas enbodi nent. Operation begins at step 13CET/USNMIZh a
second plurality of nunmbers are stored in the floating point format in a
regi ster of the second set of architectural registers in a packed fornat.
I n one enbodi nent, four nunbers are stored in the floating point format,
but the i nvef@VEPS2BNinstractidn of omelembbdirhémta tThithispmibddifeentgit iof one
enbodi ment is a 32-bit single precision floating point format, but the

i nvention i s neoesssty ta clamgcthe valumef ﬁm:tutgpemntppem@exseddnsenvm’smn of
architectural registers conprises eight 128-bit I sters, but the

i nvention i s giaphissolardatetp 8-Ait values. Ml@neqenaarygn@pametspm ofthetstata i n
the floating point format is converted, at step 1304, to at |east one
number in t henrRipadationsyyeRld create meanipgless walves ifthe floatingmaintdate was a
32-bit integer for gut t.he invention is not so limted. In one

enbodi ment ofgr?#érgﬁﬁi% B9 Wit r uct i on, the step of converting conprises

accessing roundin bi.ts from contr and st at us i ster, and
roundi ng t he nurrbgmjs %P Stm ﬁ? 5%\5?’6‘?‘595?5 12‘?' 3¥Snode

nstruct i on, PHECERER %éﬁff@l?'f tﬁ%ﬁgbﬁﬁ%ﬁé@ﬁ%ﬁ? o q‘i}waiﬁ-@%ﬁﬂ
Conversi on. i ROUNERFIowt VR nRRRE 10160 ol Sl e lete Y GERE7, V"

register of tRgtd"NMG in one embodiment, the aforementioned steps are performed

for each of three 128-bit registers XMMO0-XMM?2, wherein one 128-bit register
XMMO comprises data for a Red color component of each of four pixels, one
128-bit register XMM1 comprises data for a Green color component of each of
four pixels, and one 128-bit register XMM2 comprises data for a Blue color
component of each of four pixels, but the invention is not so limited. Inan
alternate embodiment, a fourth 128-bit register (not shown) may comprise
transparency data for each of four pixels. In another alternate embodiment,
each register of a set of three 128-bit registers may comprise data for the color
components of a pixel, and each register of the set of three 64-bit registers may
comprise data for the color components that define a pixel.

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

third 64-bit register MM2 corresponding to a third 128-bit register XMM2
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set of architectural registers in a packed format, at step 1306. The first
set of archydegiéegisal registers may conprise eight 64-bit regicIngsIsmodizit the
invention is not so limted. The CVITPS2PI instruction of one enbodi nent
encodes the rounding node in the instruction, which inproves perfornmance as
descri bed above with respect to the CVTTSS2Sl instruction. Figure 14 is a
fl owchart f@ém?rﬁ@@fh”eiBhﬁrd ondittidats foraach pfthé eSurgsiReie] buthea number
froma packed floating point format to a packed integer format (the
CVTPS2PW i niiventionais not €p dinsitedhn' begi ns at step 1402, at which a plurality
of nunbers are stored in the floating point format in a register of a first
set of architect Thalstepegf assembling, stepald08igénerally comnprises memtipalatingt , f our
nunbers are stored in the floating point format, but the invention is not
so limted. thm@ntenwofrﬂg,epeﬁwwmﬁgbimgbtgsmmzxwhermﬂ@ bit single
precision floati n%époi nt format, but the invention is not so limted. In

one enbodi msranipulasion results in twe 64rhitragisters 1898:199P thatreachsomprisssthei ght
128-bit registers, but the invention is not sqQ limted. At |east one of the
plurality ofClo§ssEIROTIERtS ﬁ'@taﬁg&ﬁieﬁghﬁgF‘ﬂ?P%ﬂ%th%e embodiment, the st ep
1404, t t | t nb ' he, i nt f t. The,int t of
one. enbod, nEMUPUIAHoRComprises the Jagicalcoriibmaan Gt gt MEMM s
limted. Th t f t. .0f | t C ' . '
Foundi g mogk o et 4 SRS MeBler DVBIIRE TBiereiO oRBinainh Trntfh.c
number in tE}?a'fﬁgmﬂaﬂa@éecsﬁﬁwgl&mbined 64-bit register. The first

combined register MM4 comprises a first and a second 8-bit color component

for each of a first and a second pixel, and the second combined register MM5
comprises a first and a second 8-bit color component for each of a third and a
fourth pixel. A third combined 64-bit register MM3 is generated by
performing an unpack operation 1920 on the lower 32 bits of the third 64-bit
register MM2, wherein the third combined register MM3 comprises a third 8-
bit color component for each of the first and second pixels. A fourth combined
64-bit register MM6 is generated by performing an unpack operation 1922 on
the upper 32 bits of the third 64-bit register MM2, wherein the fourth
combined register MM6 comprises a third 8-bit color component for each of
the third and fourth pixels.

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

components of four pixels, and the step of piecing together the Red, Green,
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to a roundi ng node, i ndicated by the rounding node bits. The nunbers in the
16-bit integpoobesn®mt are placed in a register of a second s®CTAIS99/09472
architectural registers in a packed format, at step 1406. The second set of
architectural registers may conprise eight 64-bit registers, but the

i nvention is not so limted. Follow ng the conversion, each 64-bit register

may conpri seahdBlud Gompdnentsho form twp@asbit eapistess) witdein@icheagietrs of one
128-bit floating point register, but the invention is not so l'imted.

Figure 15 i scemiprises e dathdor thetdolorctonmpomentts testdicfioe eachnoftwo pixels.nunber
froma packed floating point format to a packed integer format (the
CVTPS2PB i nst r uct Toe)stepOpiassembling de resulis for the Réhand Greevncalora plurality
of nunbers are stored in the floating point format in a register of a first
set of archi cempenghtsraffpur pixels compnsesipatfdroringta bitwise degicaltQBiofthe , f our
nunbers are stored in the floating point format, but the invention is not
so limted. vewtentsehthedirpidMMO ﬁb‘g geconst Mk 64-itreagistens of ¢hesetofthreesi ngl e

precision flgating point format. but the invention is not so ljmted. In -
one enbodi neﬁg't,;blﬂ?ﬁlﬁ‘t?’isstﬂ@é?s‘éﬁnéﬁé‘mlt registen1930qpmprises elghtf-Pies ei ght
128-bit registers, but the invention.is npof sq limted. At |east, one of the
plurality of %ﬁ@riwﬁqrtf@m?%tﬁdvﬁfﬁm Eqag%ﬁl&tmgt f 6empEige dafa fore

1504, to at LeaRbq B ornclcjnr}xbpeorne'nEI of Ofn SHe6F E)vze?sr %4 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.

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

color component of each of a first and second pixel. An unpack operation
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The integer format of one enbodinment is an 8-bit integer format, but the
invention goeypdeass0 |imted. The step of converting of one @CTAININEMT2
conpri ses accessing roundi ng node bits froma control and status register,
and roundi ng the nunber in the integer format according to a roundi ng node
I ndi cated by the rounding node bits. The nunbers in the 8-bit integer
format are (pnpack high fronegiartiao duubleword)y 192248 peffonmedionetbiewpier329i st er s
in a packed format, at step 1506. The second set of architectural registers
may conpr i ssiteofthie thirdb4-biteegister MM 2otat pradeice avfentthoromisinedi64stsit | i mi t ed.
Fol |l owi ng the conversion, each 64-bit register may conprise four 8-bit

i nt eger s r aegistenMM§ cotnprising datasfosfthe Blue edlob comiponant ofeqebi ofta thixd st er ,
but the invention is not so limted. The conversion instructions retain

SI MD par al |and fonrghpixelhough the widths of the registers are different. For
conversions fromthe 128-bhit, to the 64-bjt | timedia, extension registers,
the lower two Sl Meestep-Qfipigcipgitagethsr eBﬁéﬁmes\,ané%%meﬁen@tgz-bit

of o par L1 CIOTED R G- TeEarer 19SBASRD CtsTise AT inTng A 13F IR b c i on
of “The seconpAghib RptME afp hitf REL Bpinbin L PEPHTERRIRgR 10 Brodiled £°17°¢

first graphic register 1998 and performing a second logical OR 1926 of the

second MMS5 and fourth MM6 combined 64-bit registers to produce a second
graphic register 1999. The first graphic register 1998 comprises three 8-bit
color components that define each of a first 1930 and second 1932 pixel. The

second graphic register 1999 comprises three 8-bit color components that
define each of a third 1934 and fourth 1936 pixel.

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

the invention is not so limited. In an alternate embodiment, a fourth 128-bit
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the 64-bit to the 128-bit nultinedia extension registers, the two 32-bit

i nt eger val uggp sysgegsonverted to single precision floating poi PCT/ESEN0RI7aced
in the lower two elenents of the floating point 128-bit multinedi a
extension register; the upper two elenents of the floating point 128-bit
mul ti medi a extension register remain unchanged. This approach of passing
the upper elTegistr{netshawn may compriseiranspagensytdata foreachidf foyr pixelshe
merging of new data with existing data., Multinmedia graphics are typically
gener at ed byR{@Aneipsrajternate ‘ﬁg‘eé‘tnﬁﬁlché%lﬁ@ﬁ %ﬁssh@ﬂt%;ea Réebibndent | y

controll ed dots, or pixels, anranged on.a screen or cathode ray tube. A
conput er gr A6&IStETs MAJComaptige data &%%%BEWBPH%F‘W l?grﬁé’tix@f anybpach

s
rendered onto _a,ba round 4 mage,. ri.ng renderi ng, the gbject y be
conbi ned wi trﬁgﬁfeg\ﬂ%gﬁ? Fé} °3e‘ 3?9%@@6%%&%%3 im@&&%? 8‘? eCOni ques,

wherein Comgﬁ%éﬂ&téfhatt%ﬁf@@g. ng of multiple imges by overlaying or
|

bl endi ng the Trrages.” 'n "a conp ed i mage, the value of each pixel is
conputed fromth ' LShdecl | td i gr aphi cs,
| mages are conposi teg ﬁ ﬁ??\if\%%gge?sl-éogbﬁe. §15% a%&%ﬁcgﬁa& . The
geonet ry phaggnb&sPs: hbdh iﬁrﬂgg RS L s Dt ri angl es
formed by verti cgﬂgpdeﬁﬁfag&hh% g’oor | %{egégpaceeﬁk{gg?%#@ﬁgé Is the

conver si 00 ofnofefeinGraRNINHini] JRAF BAMSEREINEMMY bR GaBIOE ™ | 02

el ements such as points and lines, to equiva i mages c pi xel

patterns thairse228-bit regietes KNMND mﬁpﬂsés&hedzea&&lgé&\&ft datd for eabh 6PFRAS! NY

the triangles that formthe i nages, each vertex
pixels, a second 64-bit register MM1 corresponding to a second 128-bit register

i

"

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.

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
of the set of three 64-bit registers MMO0-MM2, wherein the combination results
in a first MM4 and a second MMS5 combined 64-bit register. The first
combined register MM4 comprises a first and a second 8-bit color component
for each of a first and a second pixel, and the second combined MMS register
comprises a first and a second 8-bit color component for each of a third and a
fourth pixel. A third MM3 and a fourth MM6 combined 64-bit register are
generated from the logical combination of one register MM2 of the set of three

64-bit registers and a fourth 64-bit register 1910 containing logic zeros. The
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coordi nate has a corresponding color value froma particular color nodel. A

34 col Ory@Bsied2ed s @ specification of a 3D color coordi natrcyssbamrand a
vi si bl e subset I n the coordinate systemwi thin which all colors in a

particular color ganut lie, wherein a color gamut is a subset of all
visible chromaticities. For exanple, the red (R, green (G, blue (B),

col or noddhirdrombined register NMM3 tompribess thifd Bt ddlofeotnponent foreadh nat e
system The purpose of a color nodel is to allow convenient specification
of col or s ofiteefirstapdesesond pixglsaand thedonrtb combinedaegister MM6 ti ve prinari es
in that the individuyal ntributions of each prinary are added together to
yi el d t he SPEWRIISES ﬁttﬁb‘i"&é‘&t cthéf compenestt far sachohdhe t%#daa%quﬂn pbels.

an overl ay, {nek WEGHEOBbinAEoR BF b Brst MVAk et YV Fomanesiar ancy
\églrrgg: i ![ 263% ) %é%ﬁ@&ﬁ%%%‘%%&b%ﬁ%%ﬁ%%b&aﬁ% )ég!ﬁ’ﬁlﬁ ééshlg?eégr ound
| TR0 1 ZAoRUakA0s0 s e MRLHR R buFlrBPAD P AR SRR v 1
pixel T AR 880, il GARL ek 008 Mnhitle ZRARF bR Bl over age o
the pixel pifanyewiedllcombifhtiéR of FdscbR8MMS 42d fourth MM6 combined

registers results in a second 64-bit graphic register 2099; the second graphic

register 2099 comprises three 8-bit color components 2034 that define a color of
a third pixel and three 8-bit color components 2036 that define a color of a
fourth pixel. In an alternate embodiment, each of the combined registers may
comprise two 8-bit transparency components for each of the corresponding
pixels, and each of the graphic registers may comprise an 8-bit transparency
component corresponding to each represented pixel.

Specifically, in one embodiment, following the step of placing, step
1706, each register of the set of three 64-bit registers MM0-MM2 comprises
data for one color component of each of four pixels. Therefore, the step of
assembling, step 1708, comprises the step of assembling results for the Red
and Green color components of four pixels, the step of assembling results for
the Blue color components of four pixels, and the step of piecing together the
Red, Green, and Blue components to form two 64-bit registers 2098-2099,
wherein each register comprises the data for the color components that define
each of two pixels.

The step of assembling the results for the Red and Green color
components of four pixels comprises performing an unpack operation (unpack

low from byte to word) 2056 on the contents of the first MMO and second
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. becone the foreground el ement of a conposited i mage, many of the pixels are
regi stered awgwser@ coverage zero as they are transparent; tHGI/USSa@p4Tder,
whi ch constitute the inportant content of the foreground i mage, have |arger
. coverage values, typically one. Thus, to do conpositing in a reasonable

fashion, th pha, J rllfar ti IS vi d at each pixel of the imges
' tar OaMM2m

o e iy ot Bl fs < o

ol gort ¢ s, "EHMELEP ) el S0 b i v olent s, e

P ane.  Thi o oA 02%“%8\%#%%@%8&5§m1%w%8wecqug§eqa3ﬂrgﬁ I?e%;rr an mge

[ ' ' sequently, a 0 e

conponent s SPEPReRof afth dFT6Ar BB (i PRI 65 f"ﬁlédék"cfﬂ‘fﬁgiﬁgtn 3
i .f or . .

AT of the Coums Ok BnBRIERF SESh T ing fikhikdls, bl B Rt B RE oo

operati on PEiesdIERh Grk éABBHInNEA i donS%mt% e tﬂéﬂ%gﬁngiﬁ{&; 648@%?%@%& %Pgd;'e “ig na;

successive addresses, it is easy to gr our e

single rrermayeMﬁtedafﬁdﬂ’iéﬁislthYtie@iﬁéﬂbﬂ\ﬁ@ﬁf&@sre?épﬁﬁﬁé Bapiour el ements
of the al pha plane in a single nenory access. Executing the operation by

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

doubleword) 2052 is performed on the lower 32 bits of the resultant 64-bit
register 2050 to produce a first combined 64-bit register MM4 comprising data
for the Red color component and the Green color component of each of a first
and second pixel. An unpack operation (unpack high from word to
doubleword) 2054 is performed on the upper 32 bits of the resultant 64-bit
register 2050 to produce a second combined 64-bit register MM5 comprising
data for the Red color component and the Green color component of each of a
third and fourth pixel.

The step of assembling the results for the Blue color components of four
pixels comprises performing an unpack operation (unpack low from byte to
word) 2058 on the contents of the third 64-bit register and a fourth 64-bit
register MM3 containing logical zeros. The resultant 64-bit register 2060
comprises four 8-bit numbers that are the data for the Blue component of each
of the four pixels. In one embodiment, the contents of the resultant 64-bit
register 2060 are substituted for the third 64-bit register MM2 of the set of
three 64-bit registers MMO-MM2. An unpack operation (unpack low from
word to doubleword) 2062 is performed on the lower 32 bits of the resultant
64-bit register 2060; the result of the unpack replaces the contents of the fourth
64-bit register MM3, wherein the fourth 64-bit register MM3 now comprises
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pl ane and using nultimedi a extension technology to conpute iin parallel on
four el emer},g oflsaas 9i ven color plane allows for the exploi t #GTAISIOM94TAL A
parallelism A second nethod for exploiting data parallelismis by
executing the sane operations on all color elenments of a pixel. This nethod
I nvol ves organizing the information for an inmage in menory by storing the

i nf or mat | clatafontheddue colongemponentof each ofa ficstaddsecondpivedney R G and
B, and the al pha conponent, of each pixel are at successive addresses in

menory. | wnpackepertion {unpackihigh ficm svend tadonklpwgyds) 2064 ixpenformedess

on 1| 1 T HER A APt DRSBTS Carbif FRBIHES 2060 1o iR A SXERG © of {ne

O o B o S BRcoEoh FAAY S o

Coorai nat SR By BB BBEL  he”Came Gperat i ans on all points of the space.

R RN
: d 6£bit 09&20 risés'pe first9o -

0% 2070 of the first MM4 and third MM3 combined 64-bit registers to produce a

first graphic register 2098 and performing a second logical OR 2072 of the
second MMB5 and fourth MM6 combined 64-bit registers to produce a second
graphic register 2099. The first graphic register 2098 comprises three 8-bit
color components that define each of a first 2030 and second 2032 pixel. The
second graphic register 2099 comprises three 8-bit color components that
define each of a third 2034 and fourth 2036 pixel.

While the present invention has been described with reference to
specific exemplary embodiments, it will be evident that various modifications
and changes may be made to these embodiments without departing from the
broader spirit and scope of the invention as set forth in the claims.
Accordingly, the specification and drawings are to be regarded in an

illustrative rather than a restrictive sense.
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limted, uses the conversion instructions for the parallel conversion of
lighting funwioeseszdata i n 3D graphics. Figure 16 is a fl owch®QI/ysgpouie

|l ighting conputation in 3D geonetry in which the instructions of one
enbodi ment are used. Operation begins at step 1602, at which a |ight
intensity iwgt ed. Alight color value is conputed, at step 1604, for
each vertex: i ght color value is converted froma floating point
format to an integer format, at step 1606, wherein floating point color
values for red (R), green (G, and blue (B) color conponents are converted
into integer val Y9ha ﬁic (. is a flowhart for the parallel conversion
~of multiple color vaﬁues roma single precision floating point format to a
specific integer format of one enbodi ment. Operation begins at step 1702,
at which a nunber of color conponents in a floating point format are stored

Slored In i he 128-bi ¢ F oo ara ol park ioEbing Ofipabhits difh Uy Heal?) 2

conponent s icarﬁlj&jﬁgqeég@gsggi nt fornat are converted to col or val ues, or
nunbers, in an’integer format, at step 1704. The nunbers in the integer

format are placedtiringa pleradity 6foloeebrhbbhedts ift aRatipl giint firinat YL €1’ S,
at step 1706. The integer data is stored in the 64-bitU registers in the

packed for mi¢ast bhe register of aspoofciPBebibragisterinithe patlsd faatatpi xel of a
conposited graphic using the nunbers in the integer format fromthe set of

64-bit regi st ers.cohvering thetpdurality bf coloe componentsiinarfivating poiatfdimedt t he
registers of the set of 128-bit registers represent values in the sanme
col or pl ane fo a plurality of numbers in an integer format;
placing the plurality of numbers in the integer format in at least one
register of a set of 64-bit registers in the packed format; and
assembling color components for each of a plurality of pixels from the
plurality of numbers in the integer format in the at least one register of a set of

64-bit registers.

2. The method of claim 1, wherein the color components in each of
the at least one register of a set of 128-bit registers represent values in the same

color plane.

3. The method of claim 1, wherein the color components in each of
the at least one register of a set of 128-bit registers represent color components

that define a color of a pixel.
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In an alternate enbodi nent, the col or conponents in each of .the registers
of the set wefoolsgfsbit regi sters represent col or conponents PORUSEHIMIE a
color of a pixel. In one enbodi ment, the CVTPS2PI instruction previously
di scussed herein is used to convert the col or conponents in the floating

point format tog col val yes. i p _an integer, format, at step 1704. Figures
18a and 18b ar & dat S@W?%@&EEF"E‘R ES‘E@O com'ﬁmgic@rgpa:ﬁgs of the
par al | el iﬁ%vermpﬁn of graphic color data using the CVIPS2PI instruction of
one enbodi this enbodinent, it is necessary to cl arrp t he val ue of

val es. Thi s ﬁi@%@ﬂéﬁtﬁ%ﬁé DR o L P P Bl RSB e,
b1 o vi do DR At KR bp Bt #’ﬁ%ﬁ?ﬂhgﬁuﬁ@ﬁ%ﬁ%ﬁbﬁ%‘eﬂgf atep

1704, cony hﬁ% converting 1810 fi rst and second 32-bit col or val ues
located in the |l ower 64 bits 1802-1804 of a 128-bit register XMVD to first

and second 32‘%&&%?&'&aﬂd‘f&ﬁﬁwﬁw f PAlR gi’\‘,ﬂ& YigP, the
third and fourth 32-bit col or val ues 180% 1808§I1(z)é(§g1€%d upper 64 bits
of the 12&fhhé 128bitxegister into the lower 64-bits of the 128-bit register; and

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

32-bit numbers in the integer format.

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

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

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

6. The method of claim 5, wherein the step of assembling comprises
manipulating the contents of the set of 64-bit registers, wherein the
manipulation results in each 64-bit register comprising a plurality of color

components of a pixel.

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

registers comprises data for one color component of each of two pixels.
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XMMO are shifted into the |lower 64-bits of the 128-bit register 1802-1804.
The third anwdsweeeds 32-bit col or values are converted to thiPGE/ESR/0P474r t h
32-bit nunmbers in the integer format. In one enbodi nent, the aforenentioned
steps are perfornmed for each of three 128-bit registers XMVD- XMV2, wherein
one 128-bit register XMW conprises data for a Red col or conponent of each
of four pixels, one 128-bit register XMML conpri ses data for a G een col or
conponent of each of four pixels, and one 128-bit regi ster XMV conpri ses
data for a Blue col or conponent of each of four pixels, but the invention

Is not so-limteg In ol : | r ik eqgister
(not shown) may ?{)rrpri%@%ansp%ﬁ%]@gﬁgg{‘%?sg%%ﬁﬂ@%af%@% léllts. In one
enbodi ment , rpidterleash 06 8 ks ' ing the first and
oo 55, peEBter eath eomprAE 1l ?ﬁﬁ’é%ﬁ?@é&?@%ﬁgﬁpﬁ%ﬁ a first 128-bit

register XMMD in a first 64-bit register MW, and placing the third and
fourth 32-bit nunbers 1816-1818 in the integer format fromthe first
128-bit register XMMD in a second 64-bit register MMB. The first and second
32-bit nunmbers in the integer format froma second 128-bit register XWML

are placed 38 SUBSTI TUHe rfiethiodl dfildiin 2,6¥herein thesstép of ssseblinlg dopabsisedr ML,
and the third and fourth 32-bit nunbers in the
the steps of:
logically combining a first three registers of the set of six 64-bit
registers, wherein the combination results in a first combined 64-bit register
comprising three 8-bit color components for each of a first and a second pixel;
logically combining a second three registers of the set of six 64-bit
registers, wherein the combination results in a second combined 64-bit register

comprising three 8-bit color components for each of a third and a fourth pixel.

10.  The method of claim 1, wherein the step of converting comprises
converting four 32-bit color components located in a 128-bit register to four 16-

bit numbers in a 64-bit register.

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

color component of each of four pixels.
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integer format fromthe second 128-bit register XMML are placed in a fourth
64-bit reginid syisedht. The first and second 32-bit nunbers i nPCOTAISIHORGRr
format froma third 128-bit register XMW are placed in a fifth 64-bit
register MM, and the third and fourth 32-bit nunbers in the integer format

fromthe third_128-hit reqisier X ar l.aced in a sixth 64-bit register
MV6. In an al t nat gﬂ}@mﬁg'?(?ﬁtﬂ{‘fla% 1¢Wﬁ§$elﬁﬁ(:f°§§@0w§‘@2r%lﬁteﬁﬂﬁé@rs in the
i nteger far frama .fourth 128-hit regqgister t .shown) .are placed in a
seventn oIoRrth a4lfiiietSY hach BRRise taRbRIRDCY HARICHRIh GG 0w BXel ¢
nunbers in the integer format fromthe fourth 128-bit register are placed
in an eighth 64-bit register (not shown). The step of assenbling, step

1708, generally conprises mani pulating the contents of the set of six
64-bit registers MW-Mb, wherein the manipulation results in each 64-bit

regi ster conpri ing-ﬂﬁam QIRR n‘;,?, '@g | Ifically,

I n one enbodi melg’t fo .o%&&]g?ﬁe stgg' 0 e%%igtaagg?é tgg°§é§§°feac 8regi ster

of the set129fbi§fe§i§érsmdm A8sd 4tk SoP A1 87 B610P @ém%%h@nfs‘ﬁf aﬁS‘&eE‘)' or -
of two T

conponent of eac i xel s. Therefore,” the step Of assenbling, step

1708, connhéren eadiomigister 6farbetufithrie Gabit B@%ifsfel’r§ torpriRes 8@l fokar s M- M2
of the set of six 64-bit registers, wherein the conbination results in a

first coniplaeadith4folorrcegipirents 668 pixelpwhereiy thédata Br hiplurditpiofconponent s
for each of a first 1820-1824 and a second 1830-1834 pixel, wherein the

t hr ee 8- bicolaradomnpaments defines apixeleoldre col or of a pixel. The contents of
the first conbined register 1850 are placed into register MVW.

14.  The method of claim 11, wherein the step of placing comprises

placing the four 16-bit numbers in the integer format in a 64-bit register.

15. The method of claim 14, wherein the s'tep of assembling
comprises manipulating the contents of the set of 64-bit registers, wherein the
manipulation results in each 64-bit register comprising a plurality of color

components that define a color of a pixel.

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

logically combining two registers of the set of three 64-bit registers,
wherein the combination results in a first and a second combined 64-bit
register, wherein the first combined register comprises a first and a second 8-

bit color component for each of a first and a second pixel, wherein the second
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The | ogical conbination of one enbodi ment conprises perfornmng a bitw se

| ogi cal OR 144Momb2a4she contents of the first MMD and the secE@I/P89BOBA2bi t
registers, but the invention is not so limted. The bi'tw se |ogical OR
instruction perfornms a bitwise logical OR on 64 bits of the destination and

39 SUBSTI TUTE SHEET (RULE 26) . soqurce operands and wites the result to
t he desti naf:'?m%‘?%g#&gﬂ' CERPHSEd 1 gﬁt secend 8-hik caler component foze

b1 i 561 ogPhdt obRtkd BRHR BBRRGPRELoF Che rosult of the ?Hiﬂivzl é'%ih cal
Cosurt of these BuBcenRECLER andp forinOmbned 6P bitsmgRleE W RS ogi st er

1 ‘cql t - . . ac -
and second T30 B Pr bl RuRbri R B0FE b fiof

4

f fi 1
lﬁg??%r‘fc’lf rgg % or med of
h d [ < : | - [ ' [s
NND- W e ot eSS phOdE, Wertin iaolfth Binbihdh REaReh cRBIBHTE S
register 18%ird 8Bt bslodoinipiofibnbiobiehclt Bf fe RAPANPRIGH] BlrefCh of a third
o] of the seco

and a fourth pixel. The |ogical conbination ree registers

MVB- M6 of one eldiidallpesmbiing tisefirs® GhHQRTHBnibiRed Yégistetd Wiabin@ReO! the
contents of the fourth MVB

combination results in a first 64-bit graphic register, wherein the first graphic

register comprises three 8-bit color components that define a color of a first
pixel and three 8-bit color components that define a color of a second pixel;
and

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

pixel.

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

component.

18.  The method of claim 1, wherein the step of converting comprises
converting four 32-bit color components located in a 128-bit register to four 8-

bit numbers in a 64-bit register.
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and the fifth MM 64-bit registers, but the invention is not so limted. A
bitw se | ogyggdsesd® 1S then performed of the result of this PaTEssd/erzal
operation 1897 and the contents of the sixth 64-bit register MVb. The
result of these two |ogical operations is a second conbi ned 64-bit register
1852 conprising three 8-bit col or conponents for each of a third and fourth
pi xel . The contents of the second conbined register 1852 are placed into
register MM3. In an alternate enbodi nment, transparency data may be
mani pul ated along wwth the RR, G B data of a pixels, wherein the two

(T anspar ancy dald {ornemeRBRERAGHS iirein S st et e e
f?l’f o compirekiideb R SR iat AR AR Hong T G BE B il E? eger
par al| o "cOneErm e zpll o, otk Bt fliee Bebiica e Tom b B e ey

(RULE 26) colo%ﬁ%%ﬂ%wﬁéa{&%fiﬁﬁrﬁx&ﬂe enbodi nent. In this enbodinent, ‘it
I's necessary to clanp the value of “floating point operands used in

conversi on of graphic color data to 8-bit values. This is necessary because
sone of the data

20. The method of claim 19, wherein a fourth 128-bit register and a

fourth 64-bit register each comprise transparency data for each of four pixels.

21.  The method of claim 18, wherein each register of a set of three
128-bit registers comprises data for a plurality of color components of a pixel,
wherein each register of a set of three 64-bit registers comprises data for a
plurality of color components of a pixel, wherein the data for a plurality of

color components defines a pixel color.

22.  The method of claim 19, wherein the step of placing comprises

placing the four 8-bit numbers in the integer format in a 64-bit register.

23.  The method of claim 14, wherein the step of assembling
comprises manipulating the contents of the set of 64-bit registers, wherein the
‘manipulation results in each 64-bit register comprising a plurality of color

components that define a color of each of two pixels.
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. mani pul ati ons woul d create neani ngl ess values if the floating point data
was greater wWom/s84sits wide. Using this instruction, the st ®CTHSN09472
converting, step 1704, conprises converting four 32-bit col or conmponents
1902-1908 located in a 128-bit register XMMO to four 16-bit nunbers
1912-1918, or color conponents, in a 64-bit register M. In one

enbodi nent, the aforenentioned steps are perfornmed for each of three
128-bit registers XMWD- XM\V2, wherein one 128-bit regi ster XMMVO conpri ses
data for a Red col or conponent of each of four pixels, one 128-bit register

XMVIL ' d f . f f f .pi xel s, d
one. 128,51 1 1 egi okor KB CEeR ot of SRARE e MRt coErERR 81 cach

of four pixglepsdput the invention is not so limted. In an alternate
enbodi nent, a“fourth 128-bit register (not shown) may conprise transparency

data for each of J§@uailPeorBbsing E‘W?Q?%‘E%? B (¥ PP IR 8RR GRCT

regi ster of a set of t’hree 128* ers nmay conprise ¥ the

col or conpopgidreintthedobibifAtior® FbuB8 &H a'tR8E M EL s@éoﬂ‘&)tﬁﬁ%legf tijf ee 64-Dbit
e

regi sters may conprise data for the col or conmponents tha ine a pixel.

The step of register/herie thel 16 combifid fegistel &ﬁhpﬂsésfwfifs@uﬁd%%e@bﬁc}ﬁg mbers,

or color conponents, in the integer format in a 64-bit register. refore,

in one enbobitreior componerit fordeduhtofrafiiss ard alW¥Borkd pbes RPREteRtDtHekeRohd I St
128-bit register XMM) conprises the Red conponent data for each of four

pi xel s, a seombinglragister eynprises Mitistandraesaoond i8Agit toloncomponentfs- bi t
regi ster XMML conpr.ises the G een conponent data for each of the four
. pixel s, andeach of a third and a fourth pixel;

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

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

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

pixel.
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third 64-bit register MM corresponding to a third 128-bit register XM 41
SUBSTI TUTEw%Fﬁs-Ez:‘sRULE 26) conprises the Blue conponent aerarsdepdgach of
the four pixels, but the invention is not so limted. The step of

assenbling, step 1708, generally conprises mani pulating the contents of the
set of three 64-bit registers MVMD- MW, wherein the mani pulation results in
two 64-bit registers 1998-1999 that each conprise the col or conponents that

define each of two pixels.. | e.enbodi ment, the nmanipul ation conprises

t he | ogi cal corﬁﬁ-na%nﬁh‘?‘a@?&égpgae@m%g ofthe gembinedgregisiesse 64- bi t
regi sters MVD- W\VP erein the conbinati results in a_ first and a

o dond SRRt HPPP?%\CXFSF!P%??%%WSHQWF@% rMVB
conprises a,first an S dr8-bit color.co e for each of a first
and a seco ef’?ﬂég?, §f]§\et§f§8§-b%gmt%rgwq£$%g€{r%r%%ri ses a first
and a seco&gnﬁélgérg gi'egfmﬁ&l %851.&38&(10%‘ glthi rd and a fourth pixel.
A third conbine AFB I't reg%r Pg gener Y& by perform ng an unpack

operation 1920 on the lower 32 bits of the third 64-bit register MW,

wherein the third conbined register MVB conprises a third 8- bit color
conponent for each of the first and second pixels. A fourth conbi ned

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

accessing rounding mode bits from a register holding a conversion
instruction; and

rounding the at least one number in the integer format according to a

rounding mode indicated by the rounding mode bits.

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

a 32-bit integer format.

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

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

converting the plurality of color components in a floating poir.\t format

to a plurality of numbers in an integer format;
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64-bit register MM is generated by perform ng an unpack operation 1922 on
t he upper 32wipi®sems the third 64-bit register MR, wherein tHEI/USIHPF2
conbi ned regi ster MVb conprises a third 8-bit color conponent for each of
the third and fourth pixels. Specifically, in one enbodinent, follow ng the

step of placing, ste 706, each register of the set of three 64-bit
regi sters conpri E’E?“E&%?R Fﬁgﬁéféwﬂéﬂﬂmmg%ﬁomWMMani xel s.

Ther ef or e, e step of ling, step 1708, conprises the step of
assenbl i ng %M?P?S?tﬁéﬁ?%%%%ﬁﬂfmts of four pixels,
. the step of asse 1.aG; for the .Blue,cqglor c onent f fqur

pi xel s, and the ggg%ﬁg}x{ggfogéﬁtﬁodn]egﬁ%q é‘?r?%‘% ,luﬁﬁ@ﬁ’?m’?ﬁs OHhHB| ue
conmponent s NEmB 4Bt ' her,ei n.,each regi.sfer .conprjses
the data fo?ﬁ%%g&;%# or gé#p%#é‘%?@ egﬁlg{owg‘ee%}ﬁas fng %e;gfg_se step
of assenbl i ggpie Its for the Red and Green col or conponents of four
pi xel s conprises Pertformng a bitw se logical OR of the contents of the
first MMD and second MML 64-bit registers of the set of three 64-bit
regi sters. The resultant 64-bit register 1950 conprises eight 8-bit
nunbers, or col or conponents, wherein four 8-bit nunbers conprise data for

the Red col or conmponent of each of four pixels and four 8-bit nunbers
29.  The at least one instruction of claim 28, wherein the step of

converting comprises the steps of:

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

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

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

32-bit numbers in the integer format.

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

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

placing the third and fourth 32-bit numbers in the integer format in a
second 64-bit register.
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conprise data for the Green color conponent of each of the four pixels, but
the invent Mﬁ)ﬁz‘got so limted. In one enbodi nent, the conPCRUSIVINTHe
resultant 64-bit register 1950 are substituted for the first 64-bit
register MM of the set of three 64-bit registers. An unpack operation
(unpack 'l ow fromword to doubl eword) 1952 is perforned on the lower 32 bits
of the result adl. 64-Theatleast oneringtegctioroofelaiin 86, whetein the stepiofed 64- bi t
regi ster MW conprising data for_ the Red col or conponent and the G een

col or con@sssnbling cempirisgs maripulating thesontants pf the set of 64rbituegistersy at i on

I nterl eaves, data_by taki .one operand from one register and one operand
froma coW@%’SHhﬂTerf&aPﬂE-ag?% resyllts ipeqeh Gﬂ’er?@t ragistepeomprisingapbyalitthper ands
contiguously jn a reqister. An unpack operation (unpack high fromword to
doubl ewor d#‘@%@@‘%ﬁ%?ﬂ%& * the upper 32 bits of the resultant 64-bit
regi ster 1950 to produce a second conbined 64-bit register MVb conpri sing
data for the Red col or conponent and the Green col or conponent of each of a
third and fourth pixel. The step of assenbling the results for the Bl ue

col or conponents of four pixels conprises perform ng an unpack operation

K f . . ' third
BT et a8 UAHUER SR hed e SRk YR SR Kb f e "'
conpri si ngefat sixabit g%iﬁbbbe%diﬁbﬂée%%{e%e eblof 36mpdnedit bf &ath Gnd second

pi xel . An unpack oper on 4
two pixels, wherein the step of assembling comprises the steps of:

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

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

comprising three 8-bit color components for each of a third and a fourth pixel.

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

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

34.  The at least one instruction of claim 33, wherein each register of a

set of three 128-bit registers comprises data for one color component of each of

58

* c L M S *



(unpack high, fromwrd to doubl eword) 1922 is perfornmed on the upper 32
bits of the wWogkets-bit register M2 to produce a fourth corRSTRREWIDI t
regi ster MM conprising data for the Blue col or conmponent of each of a
third and fourth pixel. The step of piecing together the Red, Geen, and

Bl ue conpon £ m t.\Wo bi.t | ster 98-1999 conpr.i ses perform ng
a first n})og?@%\ ’@318( 5TER ef’glér?gl‘?@f o etﬁfs(ﬁ‘lrllm FeBisiRrs comprisesaga for t
registers t i ster 1998 and perform ng a second
I ogr cal ?33581&.% sr{ee%‘ghﬁg{ﬁ%gowﬁ?ﬂrp ‘h MVB conbi ngd 64- bi tgr egi sters

to produce a second graphic register 1999. The first graphic register 1998
conprises three 8-bit color conponents that define each of a first 1930 and
second 1932 pi xel. The second graphic register 1999 conprises three 8-bit
col or conponents that define each of a third 1934 and fourth 1936 pixel. In
one enbodi nent, e einis
used to convert t%e gigﬁgﬁ%ﬁ%%ﬁcﬂa?%%#ﬂa@(ﬁblgg%ﬁﬁésgﬂﬁ to col or
val ues in aassem&lmg‘cd:ﬁpﬁaésthétst &F: 1704. Figures 20a and 20b are data

fl ow di agrans of the parallel conversion of graphic color data using the
CVTPS2PB i nst r uclogically combining ewd #estbterd bf ni srerrbﬂureéwmtfegﬁ terg 1€ step of
converting, step 1704, conprises converting four 32-bit col of conponents
2002- 2008 | pdwreitt the camtdfation resaits i & first\dvitl 4 SedoRidr cotnbinkd BUBIE S
2012-2018, or color conponents, in a 64-bit register MM). In one

enbodi ment , register, wherein the first combined register comprises a first and a second 8-

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

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

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

logically combining the second and fourth combined registers, wherein
the combination results in a second 64-bit graphic register, wherein the second
graphic register comprises three 8-bit color components that define a color of a
third pixel and three 8-bit color components that define a color of a fourth
pixel.
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af orenenti oned steps are performed for each of three 128-bit registers
XMWD- XMV wigge@yn one 128-bit regi ster XMVMD conprises dat ARSI/

col or conponent of each of four pixels, one 128-bit register XMML conpri ses
data for a G een color conponent of each of four pixels, and one 128-bit
regi ster XMW conprises data for a Blue col or conmponent of each of four

pi xel s, but the invention is not so limted. In an alternate enbodi nent, a
fourth 128-bit eqgrste not . shawn) . C ri se, transparency data
for each of fouéépi xlﬁsgkf%@éﬂé?mF%&Pﬂmg%%ﬁ%ﬁ%m ,heeségWW?egi ster of

of " pi el OriEER sRideriRd Bh Rl AP SStof Bt Beibainal Tty
ol aci ng. STRRPITBEE 4 2R S BRRARBRI Bk bRk R [ M ber s, or col or

conponents, in the integer format in a 64-bit register. Therefore, in one
enbodi nent, a first 64-bit register MW corresponding to a first 128-bit
regi ster XMVD conprises the Red conponent data for each of four pixels, a
second 64-bit register MML corresponding to a second 128-bit register XWM
conprises the GBgen Thenehest of@irsthuttionasfitlsim 86 avhé&iein eadﬁeggitéﬁ&@ third
64-bit register MM corresponding to a third 128-bit regi ster XMW

set of three 128-bit registers comprises data for one color component of each of

four pixels, wherein each register of a set of three 64-bit registers comprises

data for one color component of each of four pixels.

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

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

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

color component for each of the third and fourth pixels;
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- conprises the Blue. conponent data for each of the four pixels, but the
~invention iswodb/ssasl i mted. The step of assenbling, step 170’871‘/15?@?(@94&? |y
conprises mani pulating the contents of the set of three 64-bit registers

- MVD- M2, wherein the manipulation results in two 64-bit registers 2098-2099

one enbod rant, | FRECHIE SO RiRG A G AR S0L8 OhiRRC HE B AP BINGT i vo
Conbi nat i onCHBLHIALEn 113516 F Pt G graphit resis s R AR
5hi ¢ col or %ﬁsﬁ?@% ﬁ@%% R4 5 PSR IR s SF ST

component 1 BPesaiNthieEd B EbIGES ﬁﬁ*ﬂ&‘?éa??ﬁ%*éﬁ%?%ﬁf%?%@%WEh%:§°iSLrth

MVE conbi negng4-bi t reg| ster are generated fromthe |ogical conbination of
~one register MM of the set of three 64-bit registers and a fourth 64-bit
register 1910 COIB%&&IIY’@)&!&& ﬂ&réé‘éonaﬁﬁd‘féurﬂ\cbﬁﬂlﬂﬁ&%gﬁrst /W] éﬁ\:[ er M8

conprises a third bi"t col or Conponent for each second
pi xel s, andtheheoribinatibnestlisiach §e@6hdt6¥b1%p¢'@é’fﬁ’ghs?&8 whérBin' the@eirid CO! OF

conponent for each of the third and fourth pixels.
graphic register comprises three 8-bit color components that define a color of a

third pixel and three 8-bit color components that define a color of a fourth
pixel.

39. A processor comprising:
a decoder configured to decode instructions, and
a circuit coupled to the decoder, the circuit in response to at least
one decoded instruction being configured to,
store a plurality of color components in a floating point
format in at least one register of a set of 128-bit registers in the packed format,
convert the plurality of color components in a floating
point format to a plurality of numbers in an integer format,
place the plurality of numbers in the integer format in at
least one register of a set of 64-bit registers in the packed format, and
assemble color components for each of a plurality of
pixels from the plurality of numbers in the integer format in the at least one

register of a set of 64-bit registers.
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A | ogi cal conbination of the first MM and third MVB conbined registers
resul ts inyigbddesds 64-bit graphic register 2098; the first @CIMIS9L/09432i St er
2098 conprises three 8-bit col or conponents 2030 that define a color of a
first pixel and three 8-bit col or conponents 2032 that define a color of a
second pixel. A logical conbination of the second MMb and fourth Mb

combi ned regi st s rE@Prosessor of slaim 3P, avherein thegirguit is égitberr 2099; the

second graphi.c register 2099 conmprises three 8-bit col or conponents 2034
that defi FONH fgfrosqmg?rtﬁ}erﬁ IOfﬁEPﬁ%QEOMﬁngoI or conponents 2036

t hat defi I f f th pi - t t ' t, h of
the. combi ned r oFSEEReS fesy HBelnsrbad St EolBr valueR KRR AL PeiomsS nt o or
each of t COI I £sepnd i xel and ea f..the .graphjc registers my
conpri se ;bﬁtségbal fﬁf&ggé%% ﬁ@’%&&%ﬁ%ﬂf‘ag&%@ﬂm%rﬁg‘ h}f lé‘g%i'!?rr epr esent ed
pi xel . Spegifbgal Iy, in one enbodinment, followi ng the step of placing, step
1706, each regli’ster of the set of three 64-bit registers MW-MR conprises

data for one C@h@fh’rﬁgglmm SMrtR 36 | ; t st ep of
assenbling, step 1708, corrprlfses ?ggnfs)%oelépgé'l%@r%ﬁﬁgﬁﬁegisﬁ%s%%i?s t hepRed
and G een (Fqhen28-Diiepiésingb tHolwdd 645hits of e 1Rt f@gg%g%%gd ing results

for the Blue color conponents of four pixels, and the pi eci ng

t oget her the R%nv@ﬁﬁ@%th@ﬂﬂr&n@ fE M 3R SolbP vARIeBtd WRir@4nd fouk@gi st ers

2098- 2099, wherein each register conprises the data for the col or
conponent S2-bithunisiers én decintegertformat.xel s. The step of assenbling the
results for the Red and Green col or

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

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

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

42.  The processor of claim 41, wherein the circuit is further
configured to assemble color components by manipulating the contents of the
set of 64-bit registers, wherein the manipulation results in each 64-bit register

_comprising a plurality of color components of a pixel.
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conponents of four, pixels conprises perform ng an unpack operation (unpack
| ow from bytwolooysenas d) 2056 on the contents of the first MVDPERASSMIETA 46
~MML 64-bit registers of the set of three 64-bit registers MWD-MWR. The
“resultant 64-bit register 2050 conprises eight 8-bit nunbers, or color
conponents, V\/negf#n f% 8-bit nunbers conprise data for the Red col or
conponent of eac#-of Prosersarof glainy 4y wigerginieagh register of aset ebsixéta f or
the G een Ct?'l or ,co;]%onent, of earcfh of the four pixels, but the invention is

not so | i miPEZEBIFTHARMBRBR AR 0T ong eolen perapoBens ofiaash 0f swpmixels64- bi t
L e
ba-bi t “regi ot or Ty SOpBRREA Bt tbuR bt Ol Bes o it o i
of "ach of ‘Cejteis; whistfin T8 cafb Mt IRRRE In £ Rfe R ET B ER BRI U 1 om
64 bi 1 *r egi STAPPSEE (RS bR BfSr ChiFhall I SaUR BER BidiaHd & sdortliibgRs | "
conprising data ngicall 0 PEecoRERARK Yeg ks bP thd et OF siU it COmPonent

of each of a thi and fourth ™pixel .
registers, wherein the combination results in a second combined 64-bit register

comprising three 8-bit color components for each of a third and a fourth pixel.

44,  The processor of claim 39, wherein the circuit is further
configured to convert the plurality of color components by converting four 32-
bit color components located in a 128-bit register to four 16-bit numbers in a
64-bit register, wherein each register of a set of three 128-bit registers
comprises data for one color component of each of four pixels, wherein each
register of a set of three 64-bit registers comprises data for one color

component of each of four pixels.

45.  The processor of claim 44, wherein each register of a set of three
128-bit registers comprises data for one color component of each of four pixels,
wherein each register of a set of 64-bit registers comprises data for one color

component of each of four pixels.
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The step of assenbling the results for the Blue color conponents of four

pi xel s conpid sopssadzer f ormi ng an unpack operation (unpack | owpCrasedrgdse2 t o
word) 2058 on the contents of the third 64-bit register and a fourth 64-bit
regi ster MMB containing |ogical zeros. The resultant 64-bit register 2060
conprises four 8-bit_nunbers that are the data for -the Bl ue conponent of
each of the fou6.pi xEneprosessrofsiaipyddrwhereimthednmuitisfunther he resul t ant
64-bit regi ster 2060 are ubsiituted for the third 64-bit register MM of
the set ofcopkiguge ﬁ‘-’B?stenPQSicg or companept®by:an unpack operation (unpack | ow

oot tant 64-biPBHAY SOEEIS Vo REEiPGERIok H6ivet AE RS Chbif gisiewe  he

T
doubl evor AP Te 1 TR B Gt AR RAEH b BHsed BBl Pobeth 64 1
the Bl ue caf oy of SREGRAER: R @URE Bkt Pl AR P RnERI Il D o

I eci ng t Qgh tAa 8 , {r%rgﬁ 4-bi t
Iroegi stgrs 209%?%8£g§orrpriﬁﬁeﬁﬁ?ﬁﬁ?f@ﬁr&gﬁlﬁgﬁ%& ehtfor

each of a third and a fourth pixel;

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

logically combining the first and third combined registers, wherein the
combination results in a first 64-bit graphic register, wherein the first graphic

_ register comprises three 8-bit color components that define a color of a first

pixel and three 8-bit color components that define a color of a second pixel;
and

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

pixel.

47.  The processor of claim 39, wherein the circuit is further

configured to convert the plurality of color components by converting four 32-
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2070 of the first MM and third M3 conbi ned 64-bit registers to produce a
first graphiwobssszss er 2098 and perfornming a second | ogi cal BEIBEPOHR ¢ he
second MVb and fourth Mvb conbined 64-bit registers to produce a second
graphic register 2099. The first graphic register 2098 conprises three
8-bit col or, conponents that. define e of a first 2030 and second 2032

pi xel . The SHEBIRF ompments lagateddn 1&6‘?53?‘?%8%}%&@*9115!1{&%8}654'
conmponent s Lﬂe}_gmqnfi ne each of a third 2034 and fourth 2036 pixel. Wile

t he present “FriveftTon has been described with reference to specific

exenpl ary enbodi nents, it will be evident that various nodifications and
changes may be nmade to these enbodi nents wi thout departing fromthe broader
spirit and scope of the invention as set forth in the clains. Accordingly,

the specification and drawings are to be regarded in an illustrative rather
than a restricti se St ' itggg 1,Se t hod
for parallel pro%g'ssi 2338’?6%53%% CS '%fg%wl;\%fgﬁ}r%t 0 cgénrafiaéeﬁgfpﬁgggt eps

g{ : storing198-pitrepistdry cOmpties Hatafok ©RE ebior cBrriponeRfbf EEHRSE fBhir pRlelBt 11
wherein each register of a set of three 64-bit registers comprises data for one

color component of each of four pixels.

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

logically combining two registers of the set of three 64-bit registers,
wherein the combination results in a first and a second combined 64-bit

. register, wherein the first combined register comprises a first and a second 8-

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

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

logically combining the first and third combined registers, wherein the
combination results in a first 64-bit graphic register, wherein the first graphic

register comprises three 8-bit color components that define a color of a first
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| east one-register of a set of 128-bit registers in the packed fornmat;
converti ngwid\®y/gs4dr al ity of color conponents in a floating POT/ISIIAMTREL t O
a plurality of nunbers in an integer format; placing the plurality of
nunbers in the integer format in at | east one register of a set of 64-bit
registers in the packed format; and assenbling col or conponents for each of
a pl ur al i tgixekans thres 8rhib selor compenents thabdefinapeploriof asesond pdedi f or nat
in the at least one register of a set of 64-bit registers. 2. The net hod
of claim B%herein the col or conponents in each of the at |east one

GEIRGALIER W M M S ST PR
ot S RS A Pt RO S ol 1
Lo b SABHEEL e SUIPEURE RohrBhERaPRerRORISIGH A |11
register t@ifd pilel Rd (U Bit381d domBHRE:S tidt delifielaUotS1%5f a fourth

pixel.

[
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format; shifting third and fourth 32-bit color values located in the upper
64 bits of tWweodaB&sdit register into the |ower 64-bits of th&8CTRASIMHMT2
regi ster; and converting the third and/fBurth 32-bit color values to third
and fourth 32-bit nunbers in the integer format. 5. The net hod of claim
4, wherein the step of placing conprises the steps of placing the first and
second 32-bit nunbers in the integer format in a first 64-bit register; and
placing the third and fourth 32-bit nunbers in the integer format in a
second 64-bit register. 6. The met hod of claim5, wherein the step of
assenbl i ng conprises mani pulating the contents of the set of 64-bit
regi sters, wherein the manipulation results in each 64-bit register
conprising a plurality of color conponents of a pixel. 7. The net hod of
claim5, wherein each register ofd.a..s.eL_Qf._s.Lx_GA-_bi_t_r egisters_conprises

o

data for one 1@bhor conponent of e ‘ h of twpipdxels. 06 8. TH@7 ek hod
of claim?7, eﬂlgb&\(a sevent h and le| 9{1}\& 64-Tbi t cOM DATA STORAGE :
DEVICE [ | | MEMORY DEVICE [
l |
122 N | |
, I BUS 101 | |
INPUT DEVICE [€&———7>] o]
123 | |
CURSOR CONTROL |€— | CACHE < |
| BUFFERS 160 |
124~ | = |
HARD COPY I l
<
DEVICE : DECODER < |
125 | — :
SOUND RECORDING | _ | | |
AND PLAYBACK DEVICE[ ~ || EXECUTION |
! UNIT 130 |
126 | PACKED INSTRUCTION| j<—— |
T

VIDEO DIGITIZING f SE 140 |
DEVICE < l
[ 170 |

|
, REGISTER |
| . FILE 150 I

|
| PROCESSOR 109 :
l |
' |
'l COMPUTER SYSTEM 100 |




regi ster each conprise transparency data for each of two pixels. 9. The
nmet hod of W%#B6345 wherein the step of assenbling conpri ses pcirasey/eqs2 of :

| ogically combining a first three r&yi/st®rs of the set of six 64-bit

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

regi ster conprising three 8-bit color conponents for each of a first and a
second pixel; logically conbining a second three registers of the set of
Six 64-bit registers, wherein the conbination results in a second conbi ned
64-bit register conprising three 8-bit color conponents for each of a third
and a fourth pixel. 10. The met hod of claim1, wherein the step of
converting conprises converting four 32-bit col or conponents |ocated in a
128-bit register to four 16- bit numbers in a 64-bit register. 11. Gthe
met hod of claimg0, wherein each register of a set of three 128-bit

regi sters conpris data for one col or conponent of each of four pi m
wherei n each f t Ses for
one col or conponent of each of four pi xel s. 51 12. The netlhod | ai m

11, wherein g fourth 128-bit register and a fourth 64-Qit regisfter eac
conprise transparency data for each of four pixels.
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13. The net hod of claim 10, wherein each register of a set of three
128-bit regiwbensecmeonpri ses data for a plurality of col or coRFBASHYIEE a
pi xel , wherein each register of a set3dfl?hree 64-bit registers conprises
data for a plurality of color conponents of a pixel, wherein the data for a

plurality of color conponents defines a pixel color. 14. The met hod of
claim1l, wherein the step of placing conprises placing the four 16-bit
nunbers in the integer format in a 64-bit register. 15. The net hod of

claim 14, wherein the step of assenbling conprises manipulating t

contents of the set of 64-bit registers, wherein the mani pul ati onf'esults
in each 64-bit register conprisirlg a plurality of color donponen t hat
define a color of a pixel. 16. The net hod of claim 15, |whereirfthe
mani pul ation conprises the steps |of: | ogiprgRETCRONMDI Ni ng {two regi sters of
the set of three 64-bit registerd, wherein the conbinatidgn results in a
first and a second conbi ned 64-bijt register, wherein t38 |first conbi ned
regi ster conprises a first and a{Second 8- bit coror congonent for each of
a first and a second pi xel, whergin the second 52 confji ned register
conprises a first and a second 8-jbit col or FEPOonent for
312
DECODING AND PAIRING
314
ADDRESS ADDRESS
GENERATION GENERATION
316 316
EXECUTE EXECUTE
318 318
WRITE WRITE
BACK BACK
320 320
U PIPE V PIPE
302j : 304j

Fig. 3



each of a third and a fourth pixel;

generating a third and a fourth

conbi ned G64ydédisebg0i ster, wherein the third conbined regi st ®CTASAPOIMIES a
third 8-bit color conponent for eacH éf1%he first and second pixel s,
wherein the fourth conmbi ned register conprises a third 8-bit col or

conponent for each of the third and fourth pixels;
first and third conbi ned registers,

first 64-bit graphic register,

three 8-bit color conponents that define a color of a first pixel
8-bit color components that define a color of a second pixel;
conbi ning the second and fourth conbi ned registers,

| ogi cal | y conbining the
wherein the conbination results in a

wherein the first graphic register conprises
and three
and logically
wherei n the conbi nation

results in a second 64-bit graphic register, wherein the second graphic

regi ster conprises three 8-bit colg

gnponents that define a color of a

third pixel and threer8" onponents that define a color of a
fourth pixel. 17. Th [ Hod bff 4l ai m 16, wherein each of the conbinéﬁr
regi sters conprises t DIt arency conponents for each of a firste
and a second pixel, W the graphic registers conprise an g8t
transpar ency conponenj” > thod of claim1l, wherein the step
converting conpglises ganyeft| ng|flodr 32-bit col or cofponents |l ocated i :
1 H o 'l N . . <t
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- 53 19. The nefhod of claim 18, wherein each register of a set of three
128-bit regiwp®psemsnpri ses data for one col or conponent of ®&TSBIOMBUr
pi xel s, wherein each register of a sét /ol9three 64-bit registers conprises

data for one col or conponent of each of four pixels. 20. The net hod of
claim19, wherein a fourth 128-bit register and a fourth 64-bit register
each conprise transparency data for each of four pixels. 21. The et hod

of claim 18, wherein each register of a set of three 128-bit registers
conprises data for a plurality of color conmponents of a pixel, wherein each
register of a set of three 64-bit registers conprises data for a plurality
. of color conmponents of a pixel, wherein the data for a plurality of color
conponents defines a pixel color. 22. The net hod of claim 19, wherein the
step of placing conprises placing the four 8-bit nunbers in the integer
format in a 64-bit register. 23. The met hod of claim 14, wherein the step
of assenbling conprises nmani pulating the contents of the set of 64-bit

regi sters, wherein the manipulation results in each 64-bit register
conprising a plurality of color conmponents that define a colggg of each of

two pixels. 54 ‘2/

[502 [504 [506

SIGN EXPONENT ' SIGNIFICAND

U

INTEGER
OR FRACTION
J-BIT

\508 \510
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24. The nethod of claim 23, wherein the mani pul ati on conprises the steps
of : | ogi calgg/ogdaids Ni ng two registers of the set of three G62CHIUSIOMIZt ers,
wherein the conmbination results in & #i ¥t and a second conbi ned 64- bit
regi ster, wherein the first conbined register conprises a first and a
second 8- bit col or conponent for each of a first and a second pi xel,
wherein the second conbi ned register conprises a first and a second 8-bit
col or conponent for each of a third and a fourth pixel; logically combining
one register of the set of three 64-bit registers with a 64-bit register
containing logic zeros, wherein the conbination results in a third and a
fourth conbi ned 64-bit register, wherein the third conbi ned register
conprises a third 8-bit color conponent for each of the first and second

pi xel s, wherein the fourth conbined register conprises a third 8-bit col or
conponent for each.of the third and fourth pixels: laogically conhining the

first and third donbiye egilst er, erdin t nmbi hat i sulks in a

first 64-bit grapghic e&ﬁgt er|, V\B@' t fi){g(% )€‘£§@t conpri ses
three 8-bit col or—Tgnpoments th ' ' and three
8-bit color conponents that defi

ne a col or a second

Yi(SP) | |Y2(SP) Y3 (SP) Y4 (SP)

CORCOEECORNC)

X1 op Y1 (SP) | X2 0p Y2 (SP) | X3 0p Y3 (SP) | X4 op Y4 (SP)
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| ogi cal | y conbining the second and fourth conbined registers, wherein the
conbi nati on wem9lst®sin a second 64-bit graphic register, whePETUS94E2Ccond
graphi c register conprises three 8-biT /cb?or conponents that define a color
of a third pixel and three 8-bit col or conponents that define a color of a
- fourth pixel. 55 WD 99/ 56245

PCTI US99/ 09472 25. The net hod of claim 24, wherein each of the conbined
regi sters conprise an 8-bit tranparency conponent for each correspondi ng

pi xel , wherein each of the graphic registers conprise an 8-bit transparency
conponent corresponding to each represented pixel. 26. The net hod of
claim1, wherein the step of converting conprises the steps of: accessing
roundi ng node bits froma register holding a conversion instruction; and
roundi ng the at | east one nunber in the integer fornat according to a

roundi ng node i ndi ouHe-Rg—ade bits The nethod of
~claim1, wh f I i & 32-b
floating point. POEE KERPLO. PO P L Fo R : TSR

Y1 {(SP) | Y2|(P) | Y3 |©P) | Y4l (sP)

©

X1 (SP) X2 (SP) X3(SP) | X40p Y4 (SP)

Fig. 7



a 32-bit integer format. 28. At | east one instruction for . parallel
processi ng 9ﬁégyﬂ cs data, which when executed causes a C@EQTAIS99/09402
performthe tollowng steps: storind @ Wurality of color conponents in a
floating point format in at |east one register of a set of 128-bit
registers in the packed format; converting the plurality of color
conponents in a floating point format to a plurality of nunmbers in an
integer format; 56 placing the plurality of nunbers in the integer
format in at |east one register of a set of 64-bit registers in the packed
format; and assenbling 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 a set of 64-bit registers. 29. The at | east one instruction
of claim 28, wherein the step of converting conprises the steps of:
converting first and second 32-hit color values located in the |lgwer 64
bits of a 128-bif] regigter tag firs{,,and gecond32-bi t] nunbers in|the
integer format; ghifti t hi fd and™ourtf 32-b¥¥ col qr valdes lodated in’
t he upper 64 bits

Y4 Y3 \ YZ\ Y1

{Y4...Yt} {Y4...Y1} {X4...X1} | {X4...X1}

Fig. 8



of the 128-bjt regjster into the |lower 64-bits of the 128-bit register; and
converting twe9pbké2asl and fourth 32-bit color val ues to thirdPERUSIURATI
32-bit nunbers in the integer format.9 3019 The at |east one instruction of
claim 29, wherein the step of placing conprises the steps of: placing the
first and second 32-bit nunbers in the integer format in a first 64-bit
register; and placing the third and fourth 32-bit nunbers in the integer
format in a second 64-bit register. 57 31. The at |east one
instruction of claim30, wherein the step of assenbling conprises

mani pul ating the contents of the set of 64-hit . registers .wherein the
mani pul ation fesults in each 64-bit register conprising a plurality Jof
col or conponepts of a pixel. 32. The at | east one instruction of cflaim
30, wherein epch register of a set of six 64-bit registers conprises d%&ﬁ
for one col or|conmpgpent of each of two pixels, wherein the step of
assenbl i ng coppris the steps of: logically conbining a first three °
regi sters of fhe set of six 64-pit registers, wherein the conbination bﬂ
results in a [irst combined 64-8N register 'FF"
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conprising three 8-bit color conmponents for each of a first kand a,second

pi xel ; | ogiwealdxe2a9nbi Nni ng a second three registers of the SRATAG$IIHPH2
64-bit registers, wherein the conmbiHht/i bh results in a second conbi ned
64-bit register conprising three 8-bit color conponents for each of a third
and a fourth pixel. 33. The at | east one instruction of claim 28, wherein
the step of converting conprises converting four 32-bit col or conponents

| ocated in a 128-bit register to four 16-bit nunbers in a 64-bit register,
wherein each register of a set of three 128-bit registers conprises data
for one col or conmponent of each of four pixels, wherein each register of a
set of three 64-bit registers conprises data for one col or conponent of
each of four pixels. 34. The at |.e erre—+st ructi on of claim 33,
wherein each register of a set of regi sters conprises data
for one col or conmponent of each of S8 me®i xel s, wherein each register
of a set of 64-bit registers conprises dgta for one col or conponent of each

of four pixels. 35. The at |east one Instruction of claim 3, wherein the
step of assenbling ¢SFORING:BUMBERSIMNNTEGER FOBMAZIIN B REGIBTER gy t wo .
registers of the sef of three 6QFAifIRBEGHEASIER Skherein the dpnbination

results in a first 1002

CONVERTING THE INTEGER FORMAT NUMBER TO A
NUMBER IN THE FLOATING POINT FORMAT

PLACING THE NUMBER IN THE FLOATING POINT FORMAT
IN A REGISTER OF A SECOND REGISTER SET 1006

Fig. 10

START

STORING NUMBERS IN FLOATING POINT FORMAT IN A
SECOND REGISTER SET IN A PACKED FORMAT

CONVERTING THE FLOATING POINT NUMBER TO A
NUMBER IN THE INTEGER FORMAT 1104

PLACING THE NUMBER IN THE INTEGER FORMAT IN A
REGISTER OF A FIRST REGISTER SET 1106

Fig. 11



regi ster, wherein the first conbined register conprises a first and a

- second 8- biwoe)sgissconponent for each of a first and a secorpdTasssebysr2

" wherein the second conbi ned regi sterttodmp®i ses a first and a second 8-bit

- col or conponent for each of a third and a fourth pixel; generating a third
-and a fourth conmbi ned 64-bit register, wherein the third conbi ned register

- conprises a third 8-bit color conponent for each of the first and second

- pixels, wherein the fourth conbined regi ster conprises a third 8-bit color
conmponent for each of the third and fourth pixels; logically conbining the
first and third conbined registers, wherein the conbination results in a
first 64-bit graphic register, wherein the first graphic register conprises
three 8-bit col or conponents that dr of a first pixel and three
8-bit color components that define a.co second pixel; and logically
combi ni ng the second and fourth combi nec egls ers, wherein the conbi nati on

results in a second § B —wWherel-n—the-—second graphic
regi ster conprises thr é’Nh § grmc"gm' ngﬁm | col or of a
SO NE WERb AT AR

third pixel and three or of a
- fourth pixel. 59 1202

CONVERTING A NUMBER IN THE INTEGER FORMAT TO A
NUMBER IN THE FLOATING POINT FORMAT

PLACING THE NUMBER IN THE FLOATING POINT FORMAT
IN A REGISTER OF A SECOND REGISTER SET 1206

START

STORING NUMBERS IN FLOATING POINT FORMAT IN A
REGISTER OF A SECOND REGISTER SET IN A PACKED
FORMAT 1302

CONVERTING A FLOATING POINT NUMBER TO A
NUMBER IN THE INTEGER FORMAT

1304

PLACING THE NUMBER IN THE INTEGER FORMAT IN A
REGISTER OF A FIRST REGISTER SET IN A PACKED
FORMAT : 1306

Fig. 13



36. The at |east one instruction of claim28, wherein the,step of
convertlngvﬁ9§9§&?§s converting four 32-bit col or conponent POTISYY/eIA72 N a
128-bit register to four 8-bit nunbkx g 19 a 64-bit register. 37. The at

| east one instruction of claim36, wherein each register of a set of three
128-bit registers conprises data for one col or conponent of each of four

pi xel s, wherein each register of a set.of three 64-bit registers conprises

data for one col or conponent of each of four pixels. 38. The at |east one
i nstruction of claim37, wherein the step of assenbling conprises the steps
of : logically conbining two registeg he set of three 64-bit registers,

wherein the conbination results iff a gTAﬁt ard a second conbi ned 64-bit
regi ster, wherein the first comnbi neg , g conprises a first and a
second 8- bit color conponent for each @f a first and a second pixel,

wherein the second bgééﬁ” N N Niﬁ;#ﬁ ¢%$@érﬁﬂ§ﬂ' second 8- bi t
AGK

col or conponent fof ally conbi ni ng
ation results 140

one register of t hg REGISTRR PﬁrAe%'H§ES§Tt0F it register
containing |logic zgros, wherein the third and a
fourth conbi ned 64- egi ster
conprises a third 8-bit col or conponent or each of the first and second
pi xel s, wherein thd fourth conbined register conprises a thijgd 8-bit col or
conponent for each |oCONVERTING A FAOATINGPOINTAUMBER TOA 16-BIT
NUMBERINTHEINTEGERFORMAT 1404

PLACING THE NUMBER IN THE INTEGER FORMAT IN A
REGISTER OF A SECOND REGISTER SET IN A PACKED
FORMAT 1406

Fig. 14

START

STORING NUMBERS IN FLOATING POINT FORMAT IN A
REGISTER OF A FIRST SET OF REGISTERS IN A
PACKED FORMAT

1502

CONVERTING A FLOATING POINT NUMBER TO AN 8-BIT
NUMBER IN THE INTEGER FORMAT 1504

PLACING THE NUMBER IN THE INTEGER FORMAT IN A
REGISTER OF A SECOND SET OF REGISTERS IN A
PACKED FORMAT 1506
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l ogi cally combining the first and third conbined registers, wherein the
conbi nati on wewistRsin a first 64-bit gra hic regi ster, wher @CT/USOROHTY St
graphi c register conprises three 8-bil3 ZdPor conponents that define a color
of a first pixel and three 8-bit col or conponents that define a color of a
second pixel; and logically conbining the second and fourth conbi ned

regi sters, wherein the conbination results in a second 64-bit graphic

regi ster, wherein the second graphic register conprises three 8-bit col or
conponents that define a color of a third pixel and three 8-bit color
conponents that define a color of a fourth pi xel . 39. A processor
conprising: a decoder configured tode s ructions, and a circuit
coupled to the decoder, the circuit - to at |east one decoded

i nstruction being configured to, sto re® ity of color conponents in a
floating point format_in at least one re¥ ster of a set of 128-bit
registers in the packed format, convert the plurality of col o] conponents

in a floating point format to aceMpLaE LiGH m@ﬁ(s in an i njfeger format;
pl ace the plurality ¢f nunbers in the |ntegier ormat in a%aoz '

COMPUTE LIGHT COLOR VALUE AT EACH VORTEX
1604

CONVERT LIGHT COLOR VALUE FROM FLOATING POINT
FORMAT TO INTEGER FORMAT

1606

Fig. 16

STORING COLOR COMPONENTS IN A REGISTER OF A
SET OF 128-BIT REGISTERS

1702

CONVERT THE COLOR COMPONENTS IN A FLOATING
POINT FORMAT TO NUMBERS IN AN INTEGER
FORMAT 1704

PLACE THE NUMBERS IN THE INTEGER FORMAT IN
REGISTERS OF A SET OF 64-BIT REGISTERS

ASSEMBLE COLOR COMPONENTS FOR PIXELS FROM
THE NUMBERS IN THE INTEGER FORMAT IN THE SET OF
64-BIT REGISTERS 1708

Fig. 17



| east one register of a set of 64-bit registers in the packed forpmat, and
assenbl e cgj ol ls%gponents for each of a plurality of pixel sptraspyévarz
plurality {)ﬁ érs in the integer format in the at | east one register of
a set of 64-bit registers. 61 40. The processor of claim 39, wherein
the circuit is further configured gg/g@onvert the plurality of color
conponents by: converting first and second 32-bit color values located in’
the lower 64 bits of a 128-bit register to first and second 32-bit nunbers
in the integer format; shifting third and fourth 32-bit col or val ues

| ocated in the upper 64 bits of the 128-bit register into the |ower 64-bits
of the 128-bit register; and converting the third and fourth 32-bit col or
values to third and fourth 32-bit nunbers in the integer format. 4 The
processor of claim40, wherein the circuit is further configured t | ace
the plurality of nunbers by: placing the first and second 32-bit naggers I n
the integer format in a first 64-bit register; @nd placang thg third and

fourth 32-bit nunbers in the integer forn%% in g £ £ Y
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second 64-bit register. 42. The processor of claim4l, wherein the
~circuit is fypldglkas0onfigured to assenbl e col or conponents bPCTAISOHUMLZR | ng
the contents of the set of 64-bit registers, wherein the manipul ation
results in each 64-bit register conpriikﬂ% a plurality of color conponents
of a pixel. 62 43. The processor | ai m 41, wherein each register of
a set of six 64- bit registers conprises data for one col or conponent of
each of two pixels, wherein the circuit is further configured to assenbl e
col or conponents by: logically conbining a first three registers of the set
of six 64-bit registers, wherein the conbination results in a first

conbi ned 64-bit register conprising three 8-bit color conponents for each
of a first and a second pixel; logically conbining a second three registers
of the set of six 64-bit registers, wherein the conbination results in a

- second conbi ned 64-bit @ I St e+mconprising three 8-bit | or conmponents for
each of a third and a fouth-ntvel. 44, The process%mygf claimgo,
_Wherein the circuit is @QE.,E gonfigured to convert tfe{plurali of col or
conponents by converting—fotr{&g4- bit color conponents/pcated i 128-bit
register to four 16-fhit Junbeks—in a 64-bit eegi ster, hRerei n eacwdregi ster
of a set of three 12%-bi$\r(%g4.§fers £ & o
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conprises data for one col or conmponent of each of four pixels, wherein each
regi ster OW@”?R%‘SM three 64-bit registers conprises data fpemr/Nosyousot or
conponent of each of four pixels. 45. The processor of claim44, wherein
each regi ster of a set of three 128g§ié regi sters conprises data for one
col or conponent of each of four pix 7 wherein each register of a set of
64-bit registers conprises data for one col or conponent of each of four

pi xel s. 63 46. The processor'of claim45, wherein the circuit is
further configured to assenble coljor conponents by: |ogically conbining two

registers of the set of three 64-bit registers, wherei n—he conbinati
results in a first aneé a secones cdnbi ned 64-bit registefr|wherein thegrst
conbi ned register co i's a gBrst and a second 8- bitpedl or conpone for
each of a first and a—Secand p nlt wherein the second fgyybi ned regi ster
~conprises a first gnfl_al 4eednfl—8i blit col or conponent-+f-of—¢ach of a th%ﬁg
and a fourth pixel& peDprladi|npgaithird and a fourth conpf™ed 64-bit
regi ster, wherein Tt hilrg |cheb n%d regi ster conprisesfedthird 8-bi t}ol or
conponent for each of™thq Tijrst and secongjpixels, wher B8} t he fourt
conbi ned regi ster cofrpri €5 }a | =2 - --- -
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third 8-bit color conponent for each of the third and fourth pixels;

| ogi cal |y cowm rsemst he first and third conbi ned registers, VHEVERIHNOMT2
conbination results in a first 64-bit graphic register, wherein the first
graphic register conprises three 8-bit 12di9or conponents that define a color
of a first pixel and three 8-bit col or conponents that define a color of a
second pixel; and logically conbining the second and fourth conbi ned

regi sters, wherein the conbination results in a second 64-bit graphic

regi ster, wherein the second graphic register conprises three 8-bit ggbor
conponents that define a color of a third pixel and three 8-bit colo
conponents that define a color of a fourfh pi xel . 47. The processorSQ
claim39, wherein the circuit is further' configured to convert the

plurality of col or conponents by convertjng four 32- 64 bit color %
conponents |located in a 128-bit register,to four 8-bit nunbers in a 6§”°b|t
regi ster. 48. The processor of clain14b wherei n each regi ster of et
of three 128-bit reglsters conprlses datp for one col or conponent of ch
of four pixels, wherejryeach +eg er of a set of three 64-bit registers
conpri ses data for onb- '
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col or conponent of each of four pixels. 49. The processor.of claim48,
wherei n t hgys n%g,ﬁg,ist Is further configured to assenbl e col or PEOVSEITE by:
logically combining two registers of the set of three 64-bit registers,
wherein the conbination results in g8f49 st and a second conbi ned 64-bit
regi ster, wherein the first conbined register conprises a first and a
second 8- bit col or conponent for each of }rast and a second pi xel,

wherein the second conbi ned regi st ek conpf @ first and a second 8- bi t
col or conponent for each of a thirdjand a teh pi xel; logically conbining
one register of the set of three 64-bit rpgjsters with a 64-bit register
contai ning | ogi c zerosg Wherei naj hel combihatlion results in a third d a
fourth conbi ned 64-bit eglgterEvvh rein {98 third conbi ned registea

ol

O P

conprises a third 8-Dhi ohent feg&deach the first and s ond
pi xel s, wherein thegf purlh di regi s{&ff conprisgs,a third 8-bi @jcol or
conponent for each Bf |ttg [t& d, f ourthb—gixel s; caIIy conbi ning the
first and third conbies| rlegi wher ej |t he conbi fation resultsum a
first 64-bit graphic |€0igter| erpin the=Hirst grapgh@ic regi ster GuePri ses
three 8-bit col or compoments—it deine ol or of I rst 65 hﬂ
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pi xel and three 8-bit color conponents that define a color of a second

pi xel ; and I%%i“ conbi ning the second and fourth conbi necbaTagss®r’s,
wherein the combination results in a second 64-bit graphi c register,
wherein the second graphic register cofgqgses three 8-bit col or conponents
~that define a color of a third pixel and three 8-bit col or conponents that
define a color of a fourth pixel. 66
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