6 NOV 2003 SYSTEM AND METHOD FOR PERFORM NG A SHUFFLE | NSTRUCTI ON FI ELD OF
THE | NVENTI ON The present invention relates in general to the field of NOV 7003
computer 5 systems, and in particular, to an apparatus and nethod for
perform ng multi- dinmensional conputations based on a shuffle operation.
BACKGROUND OF THE | NVENTI ON To i rrprov_e1| the efficiency of nmultined a
applications, as well as other 10 applications with sinilar
characteristics, a Single Instruction, Miltiple Data (SIMD) architecture
has been inplenmented in conputer systens to enable one instruction to
operate on several data sinultaneously, rather than on a single data. In
parti cul arSYSI KB aND METHOE FOIKBERFORMVANG of S HABHLRINSTR UCEGN

el enents within one register or nenory |location. Wth parallel 15 hardware
execution, multiple operations can be performed with one instruction,
resulting in significant performance inprovenent. Although many
applications currently in usElEdd) QBKBEINYENIJONT such operations, known
as vertical operations, there are a nunber of inportant applications which
woul d require the rearrangenent of the data _20 el enents before vertical
operations canl PR Pregardererdon selates i georraliéo thefiekd of semputene
application, Exa es of .such inportant applications_ include the dot
product a3tsme 3 %WFB?‘?IE&ttP GBBF‘%?ttPgﬁé‘Fl methad fereperéeiming sulted in

3-D graphi.cs _and signal processing applications. One problemwth

r ear r angi Eﬁr}?éo%?ﬁa%?mBPPadhqrhsstéqsgﬁe?ﬁ§ Wil PREraben; egi st er or nemory word
I's the mechanismused to indicate how the data should be rearranged.
Typically, a mask or control word is used. The control 6 NOV 2003 2

BACKGROUND OF THE INVENTION
To improve the efficiency of multimedia applications, as well as other
10 applications with similar characteristics, a Single Instruction, Multiple Data
(SIMD) architecture has been implemented in computer systems to enable
one instruction to operate on several data simuitaneously, rather than on a
single data. In particular, SIMD architectures take advantage of packing many
data elements within one register or memory location. With parallel
15 hardware execution, multiple operations can be performed with one
instruction, resulting in significant performance improvement.

Although many applications currently in use can take advantage of
such operations, known as vertical operations, there are a number of
important applications which would require the rearrangement of the data

20  elements before vertical operations can be implemented so as to provide
realization of the application. Examples of such important applications
include the dot product and matrix multiplication operations, which are
commonly used in 3-D graphics and signal processing applications.

One problem with rearranging the order of data elements within a

25 register or memory word is the mechanism used to indicate how the data

should be rearranged. Typically, a mask or control word is used. The control




word nust include enough bits to indicate which of the source data fields
nmust be nmoved into each destination data field. For exanple, if a souggfgy 2003
operand has eight data fields, requiring three bits to designate any given
data field, and the destination register has four data fields, (3 x 4) or
12 bits are 5 required for the control word. However, on a processor

i npl ementation where there are |ess-than 12 bits available for the control
register, a full shuffle cannot be supported. Therefore, there is a need
for a way to reorganize the order of data elenments where | ess than the
full nunB¥rdomuyst daclnde spgughubiss toindicaterivhish ofithersegires data fielsV 7003 - 3
SUWARY OF THE | NVENTI ON Tﬁgﬁgresent i hvention_provides an apparatus and
met hod f SRUSt& mvﬁm@f% eapiydesngiien dataHelsh Bacreampla af asongce

ter-inpl ted .hs d i bed. In, nbodi t, first ked
ot 5 opePRRERLOPnE e dh diekds. reRCiainis Fispe hinle debiemata ask&tvon Sabond
ked da d i t .l t ta. el ts | : d. On f
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DESCRI PTI ON OF THE DRAW NGS The present invention I's i4Tusty d by way of

exanpl e gRAfffayafit ekisboMbgler stood by referring to the foll ow ng
description in conjunction wth the acconpanying draw ngs, in which |ike

references i ndhepdfersithietedds a need for a way to reorganize the order of data

elements where less than the full number of bits is available for a control

10 register.



5 elenents and in which: FIG X illustrates an exenplary conputer systemin
accordance wth one enbodi nrent of the invention; FIG 2 illustrates EPGV%UUTJ
operation of the nove instruction in accordance wth one enbodi nent of the
invention; 10 FIG 3 illustrates the operation of the shuffle instruction
in accordance wth one enbodi nent of the invention; FIG 4 illustrates the
operation of the inter-add instructi 6 fn accordance with one enbodi ment

of the invention; FIG 5 illustrates the operation of the shuffle

instruction in accordance sifpMARYDE "HIlﬁQﬁ\WENtTIEth he invention; FIG 6a
and 6b illustrate the operation of the shuffle instruction in accordance

with one enbodiMiensregént hﬂ/ém’ﬂi\b@ln%fdm&iefbﬁaﬁdﬁhﬁ A5Dh&tholl Rk di agram
illustrating the usage of a digital filter “which utilizes shuffle

oper at i onperfoomifig lat shiiffle epdritiohaadeasked daralising e9nacs itk one
enbodi rrenf of thegi nventi o‘?i{:;) FIG 8 ?2 a general r{% ockﬁdi%m&ﬁ%ﬂt}é?r ating
the use oftephus tescritmplr bt boesmbodimender fing pyickedidagd oE@f@(a RaviRe at

ani mati on, 6 NOV 2003 -5 DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT OF
THE PRESENRS! WENRtORlementhds Aatessad. ng stesnd ipatken datuiopeud kpaag it c
details are set forth to provide a thorough understandi ng of the

i nvent i onleappii elata elements ipacessertieOnecefthisydada elahentsdnrtheyirski || in the
art that the i Henti on nay be f;rl)rag:ti ced without these specific details. In
ot her i nsP%‘ﬁi“é’g, atpebperRAsvin shefiiediinte, a nwercdentina tiomdfieldoding destinatave not

been shown . detadl in %d r not :
register, and one of the data elements in the second packed data operand is

shuffled into an upper destination field of the destination register.



to obscure the invention. The present invention provides a way to

reorgani ze the order of data 10 elenents where less than the full n 2003
of bits is available for a control register. According to one aspect 0

the invention, a nethod and apparatus are described for noving data

el ements in a packed data operand (a s/_Qufer operation). The shuffle

operation allows shuffling of certain-sized data into any conbination from
two source registers or nenory into a destination 15 register. The
destination register may be the sane as a source register. The shuffle
instruction is useful in data reorganization and in noving data into
different |ocations of BRIEFBESSRIPTIONOFOTHEIORAGNBIISS, extra storage
for scalar operations, or for facilitating the conversion between data

formats such a%efpmmrnaimbvedtibntieglémsttaeﬁagkwdyfdfmhqﬂem{dﬂ}nag,@e vice
versa. 20 The term"regi sters" is used herein to refer to the on-board

pr ocessor bedennagerstoeadthyoreferring tartke foldovasg dasdriptionnie conjugtibHCt i ons to
identify oqperands. In other words, the registers referred to herein are
t hose t haWigr the geerppeanyingnilzaveinga: #i sdhioh likeereferenemssimdi¢4te aimélar

progr r erspective). . However, the registers described herein can be
i npl ea'ngnt%]%”&)‘téi%m Mhigh: within a processor using any nunber of

di fferent techF]iCCQUfs% such as dedicated physical registers, dynamcally
al | ocat ed physftall HUgiteates an pemplaniNevmpoter $steryi israncordanae with

conbi nati ons of, dedi cated and dynam cally allocated physical registers,
etc. COVP%T%Q ? e inY%/ITr}b@?'r ates one enbodi nent of a conputer

o755, 100, WLl RASTRRL 3 DEeBIA0ELPUS2 150 BRRLBRE AR 1
bus 115. 4 Bhe&R508iment of the invention;
10 FIG. 3 illustrates the operation of the shuffle instruction in accordance
with one embodiment of the invention;
FIG. 4 illustrates the operation of the inter-add instruction in
accordance with one embodiment of the invention;
FIG. 5 illustrates the operation of the shuffle instruction in accordance
15  with one embodiment of the invention;
FIG. 6a and 6b illustrate the operation of the shuffle instruction in
accordance with one embodiment of the invention;
FIG. 7 is a general block diagram illustrating the usage of a digital filter
which utilizes shuffle operations, for filtering a TV broadcast signal in -
20  accordance with one embodiment of the invention;
FIG. 8 is a general block diagram illustrating the use of shuffle

operations, in rendering graphical objects in animation.



105 is coupled to the storage device 110 by the bus 115. In addition, a
nunber of user input/output devices, such as a keyboard 120 and a di BNQ®RY003
125, are 10 also coupled to the bus 115. The processor 105 represents a
central processing unit of any type of architecture, such as Cl SC, Rl SC,
VLIW or hybrid architecture. In addifion, the processor 105 could be

I npl emented on one or nore chips. The Storage device 110 represents one or
nore mechani sns for storing data. For exanple, the storage device 110 may

i nclude read only 15 BEPAYLEBIESCRINTRONOF &SPREEPRRED RAM , magneti c
di sk storage nediuns, optical storage nediuns,: flash nenory devi ces,

and/ or other nmachi nEMBIMENTEORTHE PMRESENT INGENGQURgENt S one or nore
buses (e.g., AGP, PCl, ISA X-Bus, VESA, etc.) and bridges (also terned as
bus control | erk) the fiidweintghileseippanti, remheicmsdgrcifiddetailp arelsat foreh te a

si ngl e processor 20 conputer system the invention could be inplenented in
a mul ti - pproeds @r tharongbtwnderptiraling lof thddinvemmon.wiidwetd, §t evilide ment i s
described in relation to a 64-bit conputer system the invention is not
linitéd tendemsieasl bycompat erdingygski in theagdithabthe invenbion meyitees, one or
nore of a network 130, TV 25 proadcast _signal receiver 131, a fax/nodem
132, a diBpactigedgvitheut these spegiigrdetallni {n phaer instangesrwplikeowmi t 135 may

optionally be coupled to bus 115. The network 130 and fax. nodem 132

repr esenté/‘mi’étsols“pﬁﬁpéreﬁeaﬂﬁgfq{:%@mc ?%30%\3%@/5 3 1n defpiliippreier moitng
data over,_a jmachi r}g\ r.eadaPI e nedia (e.g., carrier waves). The digitizing
unit 133 ﬁpeﬁ?%céléﬁt €& “BtRore devices for digitizing i mges (i.e., a
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unit 135 represents
register. According to one aspect of the invention, a method and apparatus

are described for moving data elements in a packed data operand (a shuffle
operation). The shuffle operation allows shuffling of certain-sized data into
any combination from two source registers or memory into a destination

15  register. The destination register may be the same as a source register. The
shuffle instruction is useful in data reorganization and in moving data into
different locations of the register to allow, for example, extra storage for scalar
operations, or for facilitating the conversion between data formats such as
from packed integer to packed floating point and vice versa.

20 The term "registers” is used herein to refer to the on-board processor
storage locations that are used as part of macro-instructions to identify
operands. 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

25  within a processor using any number of different techniques, such as

dedicated physical registers, dynamically allocated physical registers using



one or nore devices for generating 3-D inmages (e.g., graphics card). FIG 1
also illustrates that the storage device 110 has stored therein dataﬁnﬂ@pmm
and software 136. Data 135 represents data stored in one or nore of the
formats described herein. Software 136 represents the necessary code for 10
perform ng any and/or all of the techniques described with reference to
FIG 3-6. It will be recognized by orfe-of ordi nary skill in the art that
the storage device 110 preferably contains additional software (not

adai 1 onal -t Pelthind SEERERYnb of SRELCHAT 308 ymrniselly ulsaiects uni

140, a se}nLof; ' s..J41, and execution unit 142, and an internal bus
143 for Exg%ﬁ§ﬁ%gﬁﬁﬁét?%btions. It will be recognized by one of ordinary
skill in the art that the processor 105 contains additional circuitry,
which is not necessary to understanding the invention. The decode unit

140, registers 141 and executi UTER2SREPERPUP! €d toget her by internal

bus 143. The decode unit 20 140 Ts use 0 coding instructions received

by prdcessor 1P n{lfustanés she esmwﬁhé‘erﬁr&q/a%rmgﬁg&%gg&:ﬁritoonwp?éh”tS- In
otode én S,

response to these control signals and/or mecr try poin t he

execut i oninupletnek# thegaerdiple‘shﬁ thappieoait BvenfBR! atbRiputer! SEstERCGE uni t
140 may be inplenmented using any nunber of different mechanisns (e.g., a

| ook- up tebhprises & prowaser 205, iangibsgerdeti¢eolno, anBlafbuel 5. ) Thbirb&eskhie
decodi ng of the various instructions 1is represented herein by a series of
i f/then sthtismompied ta thesstorage dedoel 110 by the basdisc lihiadditdén,anifferuct i on
does not require a serial processing of these 6 NOV 7003 9 if/then
st at enent@f, usRAiRpYt/ oaipuhdevises sichas a keyboard 12pentlor dispiajt 125 aré f / t hen
proce sinq IS copsidere to be within the scope of the inplenentation of
t he i]Z)v erlspRoupled to the bus 115. The processor 105 represents a central processing
unit of any type of architecture, such as CISC, RISC, VLIW, or hybrid
architecture. In addition, the processor 105 could be implemented on one or
more chips. The storage device 110 represents one or more mechanisms for
storing data. For example, the storage device 110 may include read only
15 memory (ROM), random access memory (RAM), magnetic disk storage
mediums, optical storage mediums, flash memory devices, and/or other
machine-readable mediums. The bus 115 represents one or more buses (e.g.,
AGP, PCI, ISA, X-Bus, VESA, etc.) and bridges (also termed as bus controllers).
While this embodiment is described in relation to a single processor
20 computer system, the invention could be implemented in a multi-processor
computer system. In addition, while this embodiment is described in relation
to a 64-bit computer system, the invention is not limited to a 64-bit computer
system.
In addition to other devices, one or more of a network 130, a TV
25  broadcast signal receiver 131, a fax/modem 132, a digitizing unit 133, a sound

unit 134, and a graphics unit 135 may optionally be coupled to bus 115. The

network 130 and fax modem 132 represent one or more network connections



The decode unit 140 is shown including packed data instruction set 145 5
for perform ng operations on packed data. In one enbodinent, the packgfoy 2003
data instruction set 145 includes the following instructions: a nove
instruction(s) 150, a shuffle instruction(s) 155, an add instruction(s)
(such as ADDPS) 160, and a nultiply instruction(s) 165. The MOWAPS, SHUFPS
and ADDPS instructions are applicabré7to packed floating point data, in
which the 10 results of an operation between two sets of nunbers having a
predeterm ned nunber of bits, are stored in a register having the sane

pr edet er HPR&ERNSHUMYRE data bvesa machine rhedatile enediadery.i guriat wavesj. The
operand is the same as that of the result register. The operation of each
of these GIBHZNBUNHhA3} sepraserisegnales srarbatevivesdon digibizing tmegentediarent i s
described in which the 15 packed data_instructions operate on floating

poi nt datS§2NR¢% CAMGIRARIC eﬁﬁ@dfrcr%i ungol 34drefiresania ong girymore devices doml | y
have sim.l ar instructions that oper?te on integer data. In addition to the

packed Qé{‘auftﬁ%ﬁ Al P_Bﬁ’_é‘,tPBFtH}fe%‘b‘f‘d B8 CRIFIPREPTRFe Spﬁéwrﬁn@‘tatg@@tii:ons _
ener 81 ipeEelSiGecblid steBetaaiitncth, Thremnbic Hoki reppretEcsor
A o e PPl horl e HEL 18 p 8 MRE D) SRl SplakEE | "o &

Architecture instruction sev used By exi _ “such as the
Pent (1) 518535885 Mok U0 e SAROUTRI Bl DSl ONEDL OB |
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1 sl bl st ce Y A ettty Suérdl) 20025,
In 10 performing any and/or all of the techniques described with reference to FIG.
3-6. It will be recognized by one of ordinary skill in the art that the storage
device 110 preferably contains additional software (not shown), which is not
necessary to understanding the invention.
FIG. 1 additionally illustrates that the processor 105 includes decode
15 unit 140, a set of registers 141, and execution unit 142, and an internal bus 143
for executing instructions. It will be recognized by one of ordinary skill in the
art that the processor 105 contains additional circuitry, which is not necessary
to understanding the invention. The decode unit 140, registers 141 and
execution unit 142 are coupled together by internal bus 143. The decode unit
20 140 is used for decoding instructions received by processor 105 into control
signals and/or microcode entry peoints. In response to these control signals
and/or microcode entry points, the execution unit 142 performs the
appropriate operations. The decode unit 140 may be implemented using any
number of different mechanisms (e.g., a look-up table, a hardware
25 implementation, a PLA, etc.). While the decoding of the various instructions

is represented herein by a series of if/then statements, it is understood that

the execution of an instruction does not require a serial processing of these



the art that one aspect of the invention is the described instruction set
for operating on packed data. According to this aspect of the inventifdy 2003
the storage area used for storing the packed data is not critical. The
termdata 5 processing systemis used herein to refer to any nmachine for
processing data, including the conputger systens(s) described with
reference to FIG 1. Wile one enbodinent of the invention is described in
whi ch the processor 105, executing the packed data instructions operates
on 128-bi ackeg dat a RS} ands contai ning four 32-bit single Elr eci si on
floating 166? 5t3tempRiss  Ketheropy Mechenigadredogisally iperfoeranglthisi f f er ent
packed data,formats. . Far exanple, in one, enbodi ment, packed data can be
oper at ed lgﬁ“}eﬁ‘ BIRFEaTing 1R coBSIST o Q Pevithin thajseanecof ther imaplemengatiomADDD)
a "packe d: formt (e.g., PADDw), or a "packed doubl e word" (dword)

f or mat (g(?f\g,;\BFe I’-’%ﬁﬂ)@n'The packed byte format includes eight separate 8-bit

dat | ts; . mat ,ncl ud f . te 16-bit dat
el ement ot he TaeReRdn e PR BRIuRR bRe drta SR ot i T
| ts. ' [ L t.] | | i th f t
one o tvis, paekan R P ralont U5 iR BUE, T SRRl SR M ParR ol e
the ot herdftaGkedue@ba skPiaRLScIAleL Pﬁ% f?g%@?ﬁﬁ g?strl.?cho-m?asrPHI/y e instruction

of the present invention is part o many di fTerent

| NSt T uCt | iARELAHDA(S) B Alshullé InsHHMAHON SR GhUA ifEfuctDLNsEeh BLC 2
Il lustrates the operation of the nove instruction 150 acc ng to one

enbodi ment DEIPS)HEs0i, anedrd 'tmﬂtiFIl)ﬂ iidthctndsipl65. The MOV PS, SHURPSi 0y 150
(MOVAPS) noves bits of data fromone register to another 25 register or

from one ABRIS instuations dre appdichkle. tol packed Mg peitlt da84-iRi Which the
representing four packed words fromone nenory |ocation to another or from
one ABgi gesults of ancaprertios hedwer0d®/0 sets of numbers having a predetermined
number of bits, are stored in a register having the same predetermined
number of bits, i.e., the size or configuration of the operand is the same as
that of the result register. The operation of each of these instructions is
further described herein. While one embodiment is described in which the
15 packed data instructions operate on floating point data, alternative
embodiments could alternatively or additionally have similar instructions
that operate on integer data.
In addition to the packed data instructions, processor 105 can include
new instructions and/or instructions similar to or the same as those found in
20  existing general purpose processors. For example, in one embodiment the
processor 105 supports an instruction set which is compatible with the Intel®
Architecture instruction set used by existing processors, such as the Pentium®
Il processor. Alternative embodiments of the invention may contain more or
less, as well as different, packed data instructions and still utilize the teachings
25  of the invention.
The registers 141 represent a storage are on processor 105 for storing

information, including control/status information, integer data, floating



-10 FIG 3 illustrates the operation of the shuffle instruction 155
-according to one enbodi nent of the invention. In one enbodi nent,

shuffle instruction 155 (SHUFPS) is able to shuffle any one of a pIura? %
(e.g., four) single floating point (FP) nunbers froma first operand 310
to the lower two 5 destination fieldséff a destination register 330; the
upper two destination fields are genefated froma shuffle of any one of a
plurality (e.qg., four) single FP nunbers froma second operand 320. FIG 4

illustrat ' f,_Lh t dd t 160
accor o nof VB ORLCGRBOHF o The pcHi Rl oo bBReceliudlranieril o 10
ked I t '
oper at es g 1 ha"gEPae arli Fhaanaeh #fie U Haf 1sBehindegng
d t nd 410
SR8, Bl QP B BRSPS ool ﬁE 420, "and
d t f th
?ir (ras'ltjsgpe%tglr.l 410%%%58@3@&%%?@5 emegghgt cﬁﬁﬁﬂe seconla‘l g% rande420
and the resk bésmg sysRneek aSedRbRein 8 $8RA o An fmtabl%no ?&E%&n&g&ﬁap%ked

mul tiply instruction acts in a simlar mann

i nst ruct umlucﬁiﬁg&hé oM puteh ¥y SPRTsH) RREriBES w@ﬁ&éfé&m toZﬁCﬁHUFFLE
OPERATI ON FI G |IIustrates a technique for performng a uffl e operation

on two nunberWikconeientbddintig cnhedinventiotfistd@ctiBe@nhi @RicH fhd hi s
application, data is represented by ovals, while instructions are

r epr esentpckssor d@5aexpasing Begakidgldta ansteudiotistoptirates ort 1u-pirocess S500
proceeds to process step S510, 25 where nunbers X0, X1, X2 and X3 are
st ored asparked dateroperands cm@aukngcfodaﬁa-blt se1gld pBecifion ftuaaﬁ?poﬁhtscussi on
pur poses, each data elenment is 16-bits wide and is contained in register
i19 t healues,|cami qRerateden packed data in several different packed data formats.
For example, in one embodiment, packed data can be operated on in one of
three formats: a "packed byte" format (e.g., PADDb), a "packed word" format
(e.g.. PADDw), or a "packed double word" (dword) format (e.g., PADDd). The
packed byte format includes eight separate 8-bit data elements; the packed
15 word format includes four separate 16-bit data elements; the packed dword
format includes two separate 32-bit data elements. While certain instructions
are discussed below with reference to one or two packed data formats, the
instructions may be similarly applied the other packed data formats of the
invention.
20 The shuffle instruction of the present invention is part of a family of
many different instructions which operate with SIMD architecture. For
example, FIG. 2 illustrates the operation of the move instruction 150
according to one embodiment of the invention. In this example, the move
instruction 150 (MOVAPS) moves bits of data from one register to another
25  register or from one memory location to another. In one embodiment, 64-bits
representing four packed words from one memory location to another or

from one register to another.



6 NOV 2003 -11 | X3I X2l X11 X0 The process S500 then proceeds to process
step S520, where nunmbers YO Y1, Y2 and Y3 are stored as data el ementfsNiyi0es
packed data item 525. For present discussion purposes, each data el enent
is 16-bits wide and is 5 contained in register X1, in the follow ng order:

I Y31 Y21 Y11 YOI The process S500 then advances to process step S530, where a
shuffle instruction is perfornmed on tH8 contents of regi ster XO (data item
515) and register X1 (data item 525) to shuffle any one of the four data
elements from 10 the first data item515 to the lower two fields of a
destination register 535, and to shuffle any one of the four data el enents

from the seconBI@z3 dludteate5Zhe bperdtiun uppes sivflelinsirdstioh 155%@6RLhpat i on
regi ster 535. The resulting data item 535 is as follows: | {Y3, Y27 Y1,

Y0} | {Y3io ¥ae eviibodithent ¢iXthe ¥XenXibn. X} ohe (e¥8bodiZnent] the@hulfle 15
Accordingly, a shuffle operation is performed. Although FIG 5 illustrates
an exanpl msbfuctive BFIFHEFBERissatlotowhufflelatp oopesfandlurblivi (gg., four) dat a
el ements, the principles of the invention may al so be inplenented in data
oper ands fﬁaglmgoatmg Pesnt (RIY naimeherst koman figsthoperamtedtitaethedbueritaroused as
a control word to indicate how 20 data el enents should be shuffled. Bits
0,1 of° t héetition figlslspfi dpetinatiathregisten 30 nthef upperdava destnatinrs i n t he
first opeé%llad are shuffled into tPe first or |owest data element of the
dest i nat i GRlds&ge generateg from ashypttlernf arpnenepf amluralityide.gatfeunrsingleof t he
f our data]?fgle nts in the first operand are shuffled into the second data
el ement of! PHENRRIS oMy 2 seranePrRe@nd Bhs 4,5 of the control 25 word

ndicate whi chel 4 fdkRitts S Bpelafitn o the packed ¥eraeal ade memuchon

160 according to one embodiment of the invention. In one embodiment, the

10 packed vertical operation is the add instruction (ADDPS) 160 , which operates
on the data elements of a first to operand 410 and a second operand 420. In
particular, the data elements of a first operand 410 are added to the respective
packed data elements of a second operand 420, and are used to generate a
result 430. For example, data element 0 of the first operand 410 is added to

15  data element 0 of the second operand 420 and the result is stored as data
element 0 of the result 430. The packed multiply instruction acts in a similar
manner to the packed add instruction, except multiply operations are

performed.

20 SHUFELE OPERATION

FIG. 5 illustrates a technique for performing a shuffle operation on two
numbers according to one embodiment of the invention. In this application,
data is represented by ovals, while instructions are represented by rectangles.
Beginning from a start state, the process 5500 proceeds to process step S510,

25  where numbers X0, X1, X2 and X3 are stored as data elements in a packed data
item 515. For present discussion purposes, each data element is 16-bits wide

and is contained in register X0, in the following order:



shuffled into the third data el enent of the destination register. Bits 6,7
of the control word indicate which of the four data el ements in the gRgpnm)
operand 6 NOV 2003 - 12 are shuffled into the fourth data el ement of the
destination register. For exanple, given a first data operand with four
data el enents contained in the followng order: IDICIBIAl 5 and al so
given a second data operand with four l§ata el enents contained in the
following order: IHGAFIEI and also given a shuffle control word of
10001111, the result of the shuffle is as follows: 10 IGEIDID It wll
be recogni zed by one of ordinary skill in the art that the size of the
shuffle control word may vary depéXsiXml xtidoout | oss of conpatibility with
the present invention, depending on the nunber of data elements in the -
source data opEhapdosasd S50 themipeoceetls fto glrdsessstéh 652 sthart h@mbeggi st er.
15 FIG 6a illustrates a schematic for performng a shuffle operation on
two nunbe¥® ¥Bbook and X arecteredrasodia teelementstihe pakendt data itchh628eVigze 600
reads the contents of a first source packed data operand 605 and a second
source pRICEINHAISEUSHAN PATPOIES, eactt data element ixdé-bitnwidepreker 615 shuffles
any oge of data .elenents {D, C B, A} fromeither data operands 605, 610 into
the 26 | SREained) g ogiges (ilna thmiliawing erdes2s. A four to one data

mul ti pl exer 620 shuffles any one, gf elenments {D, C B, A{ fromeither
data operands 605, 610 into the b\g?)'eﬁé}ﬁéif f of destination data item 625.

FIG 6b i1 ustil 85,8 :8lsa8h Ml Qv Trated SONEELS OREIAL Lanef tWo
instruction is performed on the contents of register X0 (data item 515) and
register X1 (data item 525) to shuffle any one of the four data elements from

10 the first data item 515 to the lower two fields of a destination register 535, and
to shuffle any one of the four data elements from the second data item 525 to
the upper two fields of the destination register 535. The resulting data item
535 is as follows:

H{Y3, Y2, Y1, YO} 1 {¥3, Y2, Y1, YO} | {X3, X2, X1, X0} | {X3, X2, X1, X0} |

15 Accordingly, a shuffle operation is performed. Although FIG. 5
illustrates an example of the shuffle operation with data operands having
four data elements, the principles of the invention may also be implemented
in data operands having at least two elements.

An 8-bit immediate value is used as a control word to indicate how

20 data elements should be shuffled. Bits 0,1 of the control word indicate which
of the four data elements in the first operand are shuffled into the first or
lowest data element of the destination register. Bits 2,3 of the control word
indicate which of the four data elements in the first operand are shuffled into
the second data element of the destination register. Bits 4,5 of the control

25  word indicate which of the four data elements in the second operand are
shuffled into the third data element of the destination register. Bits 6,7 of the

control word indicate which of the four data elements in the second operand



nunbers according to one enbodi mrent of the invention. The device 6304]25
reads the contents of a first source packed data operand 635. Any on eV 2003
data elenents {D C B,A} fromthe data operand 635 are shuffled into the
lower two fields of destination data item 645. The device 630 then reads
the contents of a 6 NOV 2003 | 3 second_source packed data operand 640. Any
one of data elenents {H G F, E} fronTthe data operand 640 are shuffled into
the upper two fields of destination data item 645. The first source data
operand 635 nmay be the sane as the second source data operand 640. This
met hod of shuffling may be 5 perfornmed with only an 8-bit control word.

Accor di ngiry stmfibdfifte tepesuth otk S1AREACEIBR O LdgiGor Otand Ob
illustrate an exanple of the shuffle operation wth data operangs havi ng

two dat eexelneplengsvert hdirpt Hari @ﬂ.ﬁ@&nﬂfwithefom\tﬁmi leRnERY A2kl ihfpkenent ed
in data operands having nore than two el enents. 10 The shufﬂ e Instruction

of the priefemtingnueieri on nay be used as part of many different
applications. For exanple, FIG 7 is a general block diagram illustrating
the use of a digital filter which UDlG!Bddla shuffle operation for
filtering a TV broadcast signal according to one enbodi nent of the

i nvenPi orfnd glsg, gives osgsomd dateapeasnd svignddsr 408 eleprerdenbhtagned irel evi si on
broadcast 15 Bei ng received by a receiving unit 706 of a conmputer system
700. The thed@HPWIRG ardier: 706 receives the TV broadcast signals 703 and
transforns them into digital data 709. A digital filter unit 715 perforns
adigital filter (e.g., FIR I1IR ’é‘if@')l:igﬂl the digital data 709 using a

set of coefficients 712, aresult, t digital filter unit 715

gener at e ?]t%gr@ﬂelagtsjmfﬁ% C(’QF@E “(%rrdn‘égf%%ol'lg?fl @@rf@a“]dé?cf dheshpffigvis' )

repr esentaisr}gubu%,fi | tered anal og TV broadcast signals. In performng the
filtering operatton, shuffle operations is inplenmented. The filtered data

10 IGIEIDIDI
It will be recognized by one of ordinary skill in the art that the size of
the shuffle control word may vary depending without loss of compatibility
with the present invention, depending on the number of data elements in
the source data operand and the number of fields in the destination register.
15 FIG. 6a illustrates a schematic for performing a shuffle operation on
two numbers according to one embodiment of the invention. The device 600
reads the contents of a first source packed data operand 605 and a second
source packed data operand 610. A four to one data multiplexer 615 shuffles
any one of data elements {D,C,B,A} from either data operands 605, 610 into the
20 lower field of destination data item 625. A four to one data multiplexer 620
shuffles any one of data elements [D,C,B,A} from either data operands 605, 610
into the upper field: of destination data item 625.
FIG. 6b illustrates a diagram for performing a shuffle operation on two
numbers according to one embodiment of the invention. The device 630
25  reads the contents of a first source packed data operand 635. Any one of data
elements {D,C,B,Aj from the data operand 635 are shuffled into the lower two

fields of destination data item 645. The device 630 then reads the contents of a



718 is received by a video decoder 721 for conversion into and audio &
video data 724. The techni ques performed by video decoder 721 are welbINOY 2003

known (see Jack, Smith, Keith, "NTSC/PAL Digital Decoder”, Video
Denystified, H gh 25 Text Publications, Inc., 1993) The audi o and vi deo
data can be used for any purpose (e.g,, display on a screen). 6 NOV 2003 -
14 I n one enbodi ment, the conputer systém 100 shown in FIG | is used to

i npl ement the conputer system 700 in FIG 7. In this enbodinent, the TV
broadcast signal receiver 131 acts as the receiving unit 706 and may
include a TV tuner, an analog to digital converter, and a DVA channel. The
TV 5 br oatE8E s§grriPackeskdaiacoperaailadd. pyny hee DY datmelemearos G &EJi nt o

digital data ,by.,the analqg to digital converter, and then sorted in the

storage d@%}:@“_yﬁefab%erﬁﬁé ﬁﬂl@lﬂé‘r@k&h‘rﬁa@ into thel upprr e bigldsefd by one of

o gnal  § SLSTHRBHOT AN AP S HsiFeh SOGFGF RAEREroRd 63 reds e Fbe Semen 6.

momory i eane SroRerRted ERE YBfahr et BBt bbbt o i wevrkg two |

represent.atl 4 the..c onents,of the data such that it may be
A R R T e SR

read in emint formats. This data may then
b q , . .

10. 5. “Sinee ¢ raTgEr S TaBEnnte ?Egtﬁ%ﬂdﬁiﬁéﬁraé%%%o‘ﬁeé‘ahifﬁPP'@"%}e%?ﬁ;sgrd
10 : > : .

W th ref oronars o eRantee YTt sRREACOPe kIR Wl bt SBEH WA 895 0

ordi nary dd¢aldlemn@ntd)ehardridiplestdietheaie@eniifa HAY talsPh lerf S
addi tional hardware, so tvvac?g, and/ or firmar eg*n thee'?'@p %rgggeggf si gnal

recei ver d:3d operands having xemretthag oo elen@itecessor 105. For 20 exanpl e,
additional software may be sorted in the storage device 110 for
The shuffle instruction of the present invention may be used as part of
many different applications. For example, FIG. 7 is a general block diagram
illustrating the use of a digital filter which utilizes a shuffle operation for
filtering a TV broadcast signal according to one embodiment of the invention.
FIG. 7 shows TV broadcast signals 703 representing a television broadcast
15  being received by a receiving unit 706 of a computer system 700. The
receiving unit 706 receives the TV broadcast signals 703 and transforms them
into digital data 709. A digital filter unit 715 performs a digital filter (e.g., FIR,
IIR, etc.} on the digital data 709 using a set of coefficients 712. As a result, the
digital filter unit 715 generates filtered data 718 (also termed as “filtered data
20 items") representing the filtered analog TV broadcast signals. In performingl
the filtering operation, shuffle operations is implemented. The filtered data
718 is received by a video decoder 721 for conversion into and audio & video
data 724. The techniques performed by video decoder 721 are well known (see
Jack, Smith, Keith, "NTSC/PAL Digital Decoder”, Video Demystified, High
25  Text Publications, Inc., 1993) The audio and video data can be used for any

purpose (e.g., display on a screen).



further processing the data prior to the digital filter being perforned. In
this enbodinment, the digital filter unit 718 is inplenmented using theNOV 2003
processor 105 and the software 136 to performthe a digital filter. In this
enbodi ment, the processor 105, executing the software 136, perforns the 25
digital filter using shuffle operatio?g, and stores the filtered data 718

in storage device 110. In this manner, the digital filter is perfornmed by
t he host processor of the conputer system rather than the TV broadcast
signal 6 NOV 2003 - 15 receiver 131. As a result, the conplexity of the TV
broadcast signal receiver 131 is reduced. In this enbodi nent, the video
decoder 721 nulj* BRe emhndimantethd eompytensyseem A00diHdven enFICoMh: Rgéd ons of
hardware,, software, and/or firmware. The audi o and vVideo data 724 can then
be sorted© EZnResen dresemaputeratystare MWosinl . 725Irathds tenebaxtinreht uthie TV34,
respectivl%efl é FIG 8.s a general bl ock diagramillustrating the use of a
shuffle OGBASIStHERTerENEEAP hGCtfratiieasreisisguny 706 and matyi ionlwtecar di ng
to one dinment of the invention. FIG 8 shows a computer system 800
cont ai ni ﬁfyg}‘ﬁﬁ'eﬁn 63?1857@5d]rgéﬁ5‘ﬁ ESBHETtRy a0dgn kM4 shamngla 1Fhe FVaphi cs. The
10 digit e stored or other type of storage

devi 3 1 ?%rogﬁ‘ta%etg}élﬂ? *RP 228 reseryed Dy fbe Ty o, entad i digitalodate
alterati g i tr i ch in¢cludes the ugse of a shuffle
oper at i o(r?}t o° %.?ﬂ?%&@léﬁi‘g&g@,%?@a d\ﬂ%iﬂ 3?%?58? %“3 storage asy@etllprby

provi di nghamiet cARnndNg: Wi | | cal j.ect 830.0s then displayed
on a screen di spllay 840. ﬁléﬁsﬁgs}écg’gﬂﬁe?n éﬁ%ﬁg%&‘gpa&fg‘é{l "'r'ntgﬁre aftdfape

| one. enbodt Rent. Tenoreoro ity 17 ePalcary BRI SR S APy, 84j8eBPin 5
perform ting ROmbesplif6fmaRe Fir SRR, HHOTV il GadBast | fehdl R GUBPH5{EN .
10 may store the data in the main memory in one or more of the formats
described herein - storing two representations of each of the components of
the data such that it may be read in as packed data item in the described
formats. This data may then be accessed as packed data and copied into
registers on the processor 105. Since the data is stored in the disclosed
15 formats, the processor 105 can easily and efficiently perform the shuffle
operation as described with reference to FIG. 5 and FIG. 6. It will be
recognized by one of ordinary skill in the art that the receiving unit 706 may
encompass additional hardware, software, and/or firmware in the TV
broadcast signal receiver 131 or software executing on the processor 105. For
20  example, additional software may be sorted in the storage device 110 for
further processing the data prior to the digital filter being performed.
In this embodiment, the digital filter unit 718 is implemented using
the processor 105 and the software 136 to perform the a digital filter. In this
embodiment, the processor 105, executing the software 136, performs the
25  digital filter using shuffle operations, and stores the filtered data 718 in
storage device 110. In this manner, the digital filter is performed by the host

processor of the computer system, rather than the TV broadcast signal



|

the digital data 810 fromFIG 8 is any data stored in the storage dev$ﬁﬁ
110 20 representing 3D graphics. In one enbodi nent, the conversion uni b3
from FIG 8 is inplenented using the processor 105 and the software 136 to
alter data using 3D geonetry. An exanple of such alteration of data
includes the performance of a 3D trapsformation. In this enbodiment, the

| processor 105, executing the softwaré” 136, perforns the transformation and

| stores the 25 transformed data 830 in the storage device 110 and/ or

provi de, réchivertizanshoaesulathe dombR&itg ik asy B%atdc]agfsighgl [dlefydranner,
the 3D nmanipul ation perfornmed by the host processor o e computer system

i s 6 NoviZOBIedutéd pinthiteembbdBient)ehearRe GReedr 720ensF gsent i nvention
thus facilitates the performance of a shuffle operation through the use of

avai | abl ienplestenied iinranys aquereresf. diffureet savibiraltictwahasivwises seftwshef f | e
operations have been described, 5 it will be understood by one of ordinary
ski || i nandveorafixmwiage. e dudiermnidovidies dateo724 ican ttheh be sbhtegdeatidgsr | n
addition, while the invention has been described in terns of several
enbodi medisBlayerque thaHispday 125 ehd the sownd lumittdgmespedtively. the | nvention is
not limted nglgéhe' enbodi nents descri bed. The nethod and apparatus of the
i nvention ca §oisz geneal Magk diggramdtusoating heusechrisbmflo within the
spirit and scoge of the appended gl gi ns. The description is thus to be
r egar dec®BREAHPRJOf repsedng graRRFabeblects iy aRimtiathacqarding toenes NOV 2003
-17 What_ i lainmed |,s:. 1. Aco system conprising: a hardware unit to
tr ansm e el QL in¥rGlorits | o b priorEbivp s aier SO0
containing digital data 755 representing 3-dimensional (3D) graphics. The
10 digital data 810 may be stored on a CD ROM or other type of storage device for
later use. At sometime, the conversion unit 760 performs alteration of data
using 3D geometry which includes the use of a shuffle operation to
manipulate (e.g., scale, rotate, etc.) a 3D object in providing animation. The
resulting graphical object 830 is then displayed on a screen display 840. The
15 resulting graphical object may also be transmitted to a recording device (e.g.,
magnetic storage, such as tape).
In one embodiment, the computer systerﬁ 100 shown in FIG. 1 is used
to perform the 30 graphics operation 800 from FIG. 8. In this embodiment,
the digital data 810 from FIG. 8 is any data stored in the storage device 110
20  representing 3D graphics. In one embodiment, the conversion unit 8§20 from
FIG. 8 is implemented using the processor 105 and the software 136 to alter
data using 3D geometry. An example of such alteration of data includes the
performance of a 3D transformation. In this embodiment, the processor 105,
executing the software 136, performs the transformation and stores the
25 transformed data 830 in the storage device 110 and/or provide, the
transformed data to the graphics unit 135. In this manner, the 3D

manipulation performed by the host processor of the computer system is



a display; a processor coupled to the hardware unit; and a storage device
coupl ed to the processor and having stored therein an instruction, whN8\200)
when executed by the processor, causes the processor to at |east, access a
first packed data operand having at |east two data el enents; access a
second packed data operand having at | east two data el enents; select a

first set of data el ements fromthe FiPst packed data operand; copy each of
the data elenments in the first set to specified data fields |Iocated in the
| ower hal f of destj nati on operand; select a second set of data el enents
fromt hepgcé’déﬁé ah zexiegrensed spsedanthe Rirsenbyvesdion trust facildates theenments in
the second set to sPecifi d data fields |located in the upper 'half of the
dest i nat PHHOBPAREH Q! afh”fﬁé QREFpUPR thEQughe the ise P javrilalleeinstiticting st or age
device further conprises a packing device for packing floating point data
into t he®™§&E e enents. 3. The conputer systemof claim 1l wherein the

Tnto the dat s e e C GRRADRS sk, AN cEave Fins Brve Bechereriothe fi 1t
d | d, ..,5. . A net hod

g:;nnplﬁ-*ii?ﬁ%ﬂ?ﬁ%‘?ﬁ#&ﬁ%@?ﬁ%ﬁ%%ﬁp%%%%ﬁ%&ﬁ@@%%w@ wé%fall&sng a

i nstg'.J r uctﬁtﬁll,lﬁgttggg@s?ﬂﬁge (:1'% % ?'r srh'? %Stggﬁ%‘geﬁgﬁlgqgg&gﬁﬁ?%@’? “F’ltéﬁ"g{‘ cieésggiﬁegm dat a

&1 eMeNt Sin eRECISIAIA SREBANPRAEK AbAMIAOPE I 2POY) i wo data
el enents; selecting a first set of dt’gt a e‘?i;rreﬁft%ésja r orhﬁ?ﬁ%sﬁlrggt%%%cked
dat a opehanévention is not limited to the embodiments described. The method and
apparatus of the invention can be practiced with modification and alteration
10 within the spirit and scope of the appended claims. The description is thus to

be regarded as illustrative instead of limiting on the invention.



copying each of the data elenents in the first set to specified data fields
| ocated in the lower half of a destination operand; selecting a seconbl N§&Z003
= of data elenents fromthe second packed data operand; and copyi ng each of
the data elenments in the second set to specified data fields located in

t he upper half of the destination operand. 6. The nethod of claim5 further
conprising the step of packing floating point data into the data el enents.
7. The nethod of claimb5 further conp[%sing the step of packing integer

data into the data elenents. 8. A nethod as clainmed in claim5 wherein the
first and second packed data operands are the same operand. 9. A nethod
conprising the conputer inplenented steps of: accessing data
representative of a first three-di nensional image; altering the data using
three-dingﬁﬁgqﬂghnﬁ enetry to generate a second three-dinensional imge,
the step e §I%t | east including, accessing a first packed data
operand having at |least two data el enents; accessing a second packed data
operand having at |east two data el enents; selecting a first set of data
el enents 1+ om Aeenmputesygemicethpaising: oper and; 5 NOV 2003 - 19 copyi ng each

of the data el ts in.the first.set to ecifi.ed data.fields |ocated in
the | ower hal fgggrragv aaceg.qlf %atﬁ"ngﬂ"toc@% %?R&“:“‘it&g&f?ﬁ’*ﬂ@* 12 4ngthst, GOrpYtergr ot o
el ements §diplayhe second packed data operand; copying each of the data

el ements in the second set to specified data fields |ocated in the upper
hal f of the dedPrasaisepeoupiesktarthe hardwaggiunit agd ng t he second

three-di mensi op aétoxjag@%vice coupled to the processor and having stored therein an

instruction, which when executed by the processor, causes the processor to at least,

access a first packed data operand having at least two data elements;

access a second packed data operand having at least two data elements;

select a first set of data elements from the first packed data operand,

copy each of the data elements in the first set to specified data fields located
in the lower half of a destination operand;

select a second set of data elements from the second packed data operand;
and

copy each of the data elements in the second set to specified data fields

located in the upper half of the destination operand.

2. The computer system of claim 1 wherein the storage device further comprises

a packing device for packing floating point data into the data elements.

3. The computer system of claim 1 wherein the storage device further comprises

a packing device for packing integer data into the data elements.

4. A system as claimed in claim 1 wherein the first and second packed data

operands are the same operand.

. A method comprising the computer-implemented steps of:



|

10. The nmethod of claim9 wherein the step of altering includes the
performance of a three-dinmensional transfornmation. 11. The method of g ghpom

9 wherein the step of altering includes the step of packing floating polnt

data into the data el enents. 12. The nmethod of claim9 wherein the step of

altering includes the step of packing integer data into the data el enents.
13. A nethod as clainmed in claim9 wherein the first and second packed data
operands are the sane operand. 14. A ne Eod conpri sing the conputer

i npl enented steps of accessing data répféesentative of a first

t hree-di nensional inage; altering the data using three-dinensional geonetry
to generate a second three-dinensional inage, the step of altering at

| east including, accessing a first packed data operand having at |east two

data el emsnts;d accessi.ng a second packed data operand having at |east two

data el enents; ec?@“@c?ﬁ‘?éeé{lsﬁfl?téct"’set of data el ements fromthe first

packed data opgrr@tbnse ORY s ofdsdddify thbSinfRtiAtRLESENtS in the first set to
specified data fields |located in the lower half of a destination operand; 6

NOV 2003 -20 sadcessingwfirst packeddate@perand baving el least twe ditachamdngs; second packed
dat a oper and, ements in th nd set to

speci fied dat aac?c?%ﬁé‘agsq%gﬁék%%eg& Hg@%ﬁgﬁ%ﬁ‘gb?“%fltﬁeﬁ t“f’%aa%g 2 Wi on

operand; and d&&&!tiﬁgiaﬁﬁsttsléﬁoﬁfﬁ%él@méﬁ_ﬁ%nﬁh@%@ﬁ?@&é‘d dafPSferanki>- The met hod
of claim 14 wherein the step of altering includes the performance of a

t hr ee- di nensi oerplying eavhf off thet datm eleb@ntsThetheefitsb detofo spegified 1dntaieldsi n t he
3;52 g}‘ effgﬁ%&p hierl]c?vlv&qa%ffc}fgedegttlﬁaa%ogi)per%&ki ng floating point data into the
selecting a second set of data elements from the second packed data operand,;
and
copying each of the data elements in the second set to specified data fields

located in the upper half of the destination operand.

6. The method of claim 5 further comprising the step of packing floating point

data into the data elements.

7. The method of claim 5 further comprising the step of packing integer data

into the data elements.

8. A method as claimed in claim 5 wherein the first and second packed data

operands are the same operand.

9. A method comprising the computer implemented steps of:
accessing data representative of a first three-dimensional image;
altering the data using three-dimensional geometry to generate a second
three-dimensional image, the step of altering at least including,
accessing a first packed data operand having at least two data elements;
accessing a second packed data operand having at least two data elements,

selecting a first set of data elements from the first packed data operand;



r—_

17. The method of claim 14 wherein the step of altering includes the step
of packing integer data into the data elenents. 18. A nethod as claigﬁmvﬁmj
*claim14 wherein the first and second packed data operands are the sane
operand. 19. A processor-inplenented nethod for reducing the nunber of
control bits required to shuffle packed data elenments fromfirst and
second source operands, conprising the steps of: decoding a single
instruction specifying first and secondlgource operands and a field of
control bits; and responsive to the fiel'd of control bits, generating a
resul tant packed data operand conprised of packed data el enments fromthe
first and second source operands, wherein the control bits are limted to
speci fying for the upper and | ower halves of the resultant packed data

operand, data elepents .fr the first and second our c pera
respectively. BRNGP 56@30?% d%%?"%‘fé“w H&‘dﬁé?é S} % ﬁ%"t‘fﬁieﬁ g‘?tﬁir}fﬁ?% wher ei n
the firsticeadd segRNéwaAGies ARkanatRAWpeAn@Per ands and the resul tant packed
data operand are conprised of four packed data elenments, and the field of

control bits isecleatingaisieeond;set of dapa clembnts frorhihe secondipatkeddiatanopsiraidgn 19

wherein the first.and se d cked data. sourc er and re t sane
operand. 22. T%OZ)W% K& Oggtﬂgldgﬁré?mrﬂs & meﬁef@(ﬁhegﬁgisﬂe?.ﬁ%ffi?tﬁ 114804 second
packed dafoaates tiheaippadi-ansiShed @A esheindhafd oating point data. 23. A
processor for performng a shuffle operation in response to a shuffle

i nstruction cotispiryingdhe secord dererdimensinnaldwegies a singl e i nstruction
specifying first and second

10.  The method of claim 9 wherein the step of altering includes the performance

of a three-dimensional transformation.

1. The method of claim 9 wherein the step of altering includes the step of

packing floating point data into the data elements.

12. The method of claim 9 wherein the step of altering includes the step of

packing integer data into the data elements.

13. A method as claimed in claim 9 wherein the first and second packed data

operands are the same operand.

14, A method comprising the computer implemented steps of:
accessing data representative of a first three-dimensional image;
altering the data using three-dimensional geometry to generate a second
three-dimensional image, the step of altering at least including,
accessing a first packed data operand having at least two data elements;
accessing a second packed data operand having at least two data elements;
selecting a first set of data elements from the first packed data operand,
copying each of the data elements in the first set to specified data fields

located in the lower half of a destination operand,;
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source operands and a field of control bits; and an execution unit which,
responsive to the field of control bits, generates a resultant packegc@?@]3
. operand conpri sed of packed data elenments fromthe first and second g
operands, wherein the control bits are limted to specifying for the upper
and |l ower halves of the resultant packed data operand, data el enments from
the first and second source operands, respectively. 24. The processor as
claimed in claim23 wherein the first and second source operands are the
same operand. 6 NOV 2003 -22 25. The-2fkthod as clained in claim19 wherein
the first and second packed data source operands and the resultant packed
data operand are each conprised of at |east two packed data el enents. 26.
The method as clainmed in claim19 wherein the field of control bits is an
8-bit field, 27. The nmethod as clained in claim26 wherein an 8-bit
i mredi ate to fsal¢ctinge seeatdgend! dagpelements fionsthie seahad pdekedwlathopiehandsi ngl e

I nstruction. 28. The 0 sor, of claim 23 wherein said.tield ontr ol
bits conpri sesc%yl%eéilbqqﬁ o ﬁ‘ﬁee&?la?'ﬁs \I}hﬁl‘fe’?ec?ﬁfsefﬁ% SB?%’E%‘EQ?}PCH?II‘&CI ai m 23
wher ei n swc@keaheﬂﬂuggerqamcrfqhe&sﬁﬁatmef@a;smﬁf an 8- bits. 30. The
processor of claim?29 wherein said first and second source operands
conprise of ddigplagingthasiespuhthrdeodiniensjopaiimaga/al ues. 31. The processor of
claim?29 wherein said first and second source operands conprise of

si ngl e-precision floating-point values. 32. The processor of claim 29

wherein sgi.d pER&R”tHAlE cRiR TBRiRr&R MR ft§fofiteARs kRSudes the performance

of a three-dimensional transformation.

16.  The method of claim 14 wherein the step of altering includes the step of
packing floating point data into the data elements.

17.  The method of claim 14 wherein the step of altering inctudes the step of

packing integer data into the data elements.

18. A method as claimed in claim 14 wherein the first and second packed data

operands are the same operand.

19. A processor-implemented method for reducing the number of control bits
required to shuffle packed data elements from first and second source operands,
comprising the steps of:

decoding a single instruction specifying first and second source operands and
a field of control bits; and

responsive to the field of control bits, generating a resultant packed data
operand comprised of packed data elements from the first and second source
operands,

wherein the control bits are limited to specifying for the upper and lower
halves of the resultant packed data operand, data elements from the first and second

source operands, respectively.



doubl e words. 33. The processor of claim29 wherein said packed data

el ements conprise of packed words. 34. The processor of claim?29 mhesﬁn?2m3
sai d packed data el ements conprise of packed bytes. 35. The processor
claim?29 wherein said first and said source operands conprise of 128-bits
of packed data. 36. An apparatus conprising: a decode unit to decode a
shuffle instruction into control signals, said shuffle instruction to
include a first operand, a second operand, and a third operand; 6 N OV
1003 -23- said first operand to ident]fy a first register to hold at |east
two packed data elenents; said second operand to identify a second

| register to hold at | east two packed data elenents; said third operand to

i provi de selection bits to indicate whi ch of said packed data elenents in

sai d firs d.o rand.tq sel ect, and ¢co a
resultant ?tﬁ%gmﬁgﬂ@sg “@9 Rﬁﬁﬁ?”%% éﬁ ?Hi§ﬁPﬁfﬁg%ﬁé§a@nit sai d
execut i Onsddfﬂetoﬂe?a%EQBﬁd R rbﬁﬂtaﬁtalb&kEd)ﬂété Qbergh@h! c%nﬂ:l?ﬂe@ 8f fhut f?ha&tﬂ on b' ts

‘ to select a first set of data elements from said first regis and

copy sai ddata elsmentet anslfthel fieldl o lcenteolthitstivamsdibit frédul t ant regi ster, sai d
execution unit further responsive to said control' signals and said
selection bits to select a second set of data elenents fromsaid second

register zZnd tPheMRthodak dla3860 Nclamel9 Whesldh thethi@MBM Scb ?ﬁk@d degul tant
register. 37. The apparatus of claim36 wherein said execution unit is to

copy sai cSOMrGegiperangs are thejsame enesandnt s to one or nore | ower destination
fields of said resultant register.

22.  The method as claimed in claim 19 wherein the first and second packed data

source operands are packed with floating point data.

23. A processor for performing a shuffle operation in response to a shuffle
instruction comprising:

a decoder which decodes a single instruction specifying first and second
source operands and a field of control bits; and

an execution unit which, responsive to the field of control bits, generates a
resultant packed data operand comprised of packed data elements from the first and
second source operands,

wherein the control bits are limited to specifying for the upper and lower
halves of the resultant packed data operand, data elements from the first and second

source operands, respectively.

24, The processor as claimed in claim 23 wherein the first and second source

operands are the same operand.




[—_

| 38. The apparatus of claim 37 wherein said execution unit is to copy said
second set of data elenents to one or nore upper destination fields QB v 2003

" said resultant register. 39. . The apparatus of claim 38 wherein said H|;3

operand conprises of an 8-bit imedi ate value. 40. The apparatus of claim
39 wherein said data elenents of said first register and said second
regi ster conprise of double-precision floating-point values. 41. The
apparatus of claim 39 wherein said data elenents of said first register and
sai d second regi ster conprise of sini %ﬂprecision fl oati ng-poi nt val ues.
42. The apparatus of claim 39 wherein said packed data el enents conprise of
packed double words. 43. The apparatus of claim 39 wherein said packed
data el enents conprise of packed words. 44. The apparatus of claim 39
wherein said packed data el enents conprise of packed bytes. 45. The
apparatus of claim 36 wherein said apparatus is defined by machi ne readabl e
6 Nov 2003 -24 data on a nachine readabl e nmedium 46. The apparatus of
claim 36 wherein said first register is also said resultant register. 47,

The appanat us 18fc HblbdElaRaT i Jaimal Twhdreiatthofier aiidsecond frkeddmaas sai d
second operand. 48. The apparatus of claim46 wherein said first register
and sai d semcengerads aidothe hesittant paskddli data erferand ckechcl spmpnigsl ofa leapigamoat us
conprising: a decode unit to decode a shuffle instruction into control

si gnal s, pagled dafaelements; nstruction to include a first operand, a second

operand 2B1Y, i toblo8RetARfla intilifh f9 §RkeMRRE ARE of ot Bies /arfs. it o
field.
27.  The method as claimed in claim 26 wherein an 8-bit immediate to fill the field of
control bits is decoded with the single instruction.
28.  The processor of claim 23 wherein said field of control bits comprises of an 8-bit
immediate value.
29.  The processor of claim 23 wherein said field of control bits compiises of an 8-
bits. |
30.  The processor of claim 29 wherein said first and second source operands comprise
of double-precision floating-point values.
31. = The processor of claim 29 wherein said first and second source operands comprise
of single-precision floating-point values.
32.  The processor of claim 29 wherein said ﬁacked data elements comprise of packed
double words.
33, The processor of claim 29 wherein said packed data clements comprise of packed
words.
34,  The processor of claim 29 wherein said packed data elements comprise of packed
bytes.
35.  The processor of claim 29 wherein said first and said source operands comprise of
128-bits of packed data.
36.  An apparatus comprising:

a decode umt to decode a shuffle instruction inte control signals, said shuffle

instruction to include a first operand, a second operand, and a third operand;



el enments; said second operand to identify a nmenory |ocation to hold at

| east two packed data elenents; said third operand is to provide sel Q' @
bits to indicate which of said packed data elenents in said first opgﬁ kz 3
and said second operand to select and copy to a resultant register; and an
execution unit coupled to said decode unit, said execution unit responsive
to said control signals and said selection bits to select a first set of
data elenents from said first register and to copy said first set of data
elenments to said resultant register,-2%aid execution unit further

responsive to sai | | t el ect a
second set of %hdttirSFﬁ}gér&Bimq?gn aﬁ%@%ﬁﬁﬁ%ﬁ%&%@ﬂ@ %&%{ %@g%t%y sai d
second set gfenfdatsa el ements to said resultant register. 50. The apparatus
of claim49 wherein said execution unit is to copy said first set of data
el enents to omneidsecond epdravito idersify aacqond régistbcie h@id o dtagt teosprckedhdata
register. 51. The apparatus of claim50 wherein said execution unit is to
copy sai d s@€BRA!Sset of data el ements to one or nore upper destination

T hY (o2 Sald i Rtanl SO R Rle ccfrionl B BARREAL Wi ofShRigHLRY e €1 1 |

said third oper I'Ses diate val ue.

appar at us ofjegilepish2Ridviel Gcfandaind seidlscopldepenhs tofelepimt édpysb ar egi ster and
sai d second register conprise of double-precision floating-point values. 6

NOV 2903 - %ultﬁnregihbr,aippar atus of claimb52 wherein said data el enents of
said first register and .said cond re ster e of.. sin reci sion
f1 oati ng- poi ntm\/%I‘Icﬁ‘été"n gt cwkﬁiﬁﬁ%fa S ?aé?ﬁw}p E'i'eﬁpcg}i V(ﬁ’lﬁ%ﬁac ked

data el enengad guag; 1ccf19fﬂtait§tovgerce§a ﬁéﬁsetxhsatae%@wmﬂf claim
49 wherein sal pac ata el enments conprise of packed

said first register and to copy said first set of data elements to said resultant register,

. said execution unit further responsive to said coﬁtrol'signals and said selection bits to
select a second set of data elements from said second register and to copy said second
set of data elements to said resultant register. '

37.  The apparatus of claim 36 wherein said execution unit is to copy said first set of
data elements to one or more lower destination fields of said resultant register.

38.  The apparatus of claim 37 wherein said exccution unit is to copy said second set
of data elements to one or more upper destination fields of said resultant register.

39. . The apparatus of claim 38 wherein said third operand comprises of an 8-bit
immediate value.

40.  The apparatus of claim 39 wherein said data elements of said first register and
said second register comprise of double-precision floating-point values.

41.  The apparatus of claim 39 wherein said data elements of said first register and
said second register comprise of single-precision floating-point values.

42,  The apparatus of claim 39 wherein said packed data elements comprise of packed
double words.

43,  The apparatus of claim 39 wherein said packed data elements comprise of packed
words.

44,  The apparatus of claim 39 wherein said packed data elements comprise of packed
bytes.

45,  The apparatus of claim 36 wherein said apparatus is defined by machine readable



words. 57. The apparatus of claim49 wherein said packed data el ements
conprise of packed bytes. 58. The apparatus of claim 49 wherein sai dg fipy %)
register is also said resultant register. 59. An apparatus conprising: an
instructi on decoder to receive and decode a shuffle instruction, said
shuffle instruction to include an inmedi ate operand conprising two or nore
sets of control bits; a first source register to hold a first packed data,
said first packed data conprising of a first data el enent and a second
data el enent; a second source registéf-to hold a second packed data, said

second packed data. co | S| f a third data elenent and a fourth data
el errent;f%aﬂ%gﬁq?g{qegﬁ%%eﬁgﬁg}ﬁfo hold a third packed data, an execution

unit coup ed §fe Seidathi 662086 MBevebpiaid first tagitarielesaidrasultant segigigic k ed

data, and 'to sal d second source register to recejve said secand ked
data; angly, whehebppsatuslofalaiondé shetein aid Ersf gper 156'6%&?1“&0“%58{358?‘8‘%(:

i nstructi on decoder to receive said two or nore sets of control bits,, said
execut i oppegand: to select fromsaid first source register at |east one of

said firgl and, second daksosh 99Rn-Ril Bid 4R 85l Adaidisetaid registeofoldal d tvio

or nore S and to copy said selected data elenent from

sai d firshg BAULERackBAdataer t0 a first data field in a lower half of said
destination register, and said execution unit to select fromsaid second

source r&9i st ém appardteompisngf said third and fourth data el enents in
response to a second qQne of sai . ebstrof sisRn 44 skhifas and to
copy said sel é@@eadfd'a?bt°é%8ﬁ§%1%“§%?ﬁ%§‘é@on§ f3ou ce'register to a

second dat g fiel.d ibiaiudiPPast Bfdrind)h séctnd opesind rantliachird ppgasdier . 6 NOV

2003 - 26- .
said first operand to identify a first register to hold at least two packed data

elements,

said second operand to identify a memory location to hold at least two packed
data elements;
said third operand is to provide selection bits to indicate which of said packed
data elements in said first operand and said second operand to select and copy to a
resultant register; and
an execution unit coupled to said decode unit, said execution unit responsive to
said control signals and said selection bits to select a first set of data elements from
said first register and to copy said first set of data elements to said resultant register,
said execution unit further responsive to said control signals and said selection bits to
select a second set of data elements from said memory location and to copy said
second set of data elements to said resultant register.
50.  The apparatus of claim 49 wherein said execution unit is to copy said first set of
data elements to one or more lower destination fields of said resultant register.
51.  The apparatus of claim 50 wherein said execution unit is to copy said second set
of data elements to one or more upper destination fields of said resultant register.
52.  The apparatus of claim 51 wherein said third operand comprises of an 8-bit
immediate value.
53,  The apparatus of claim 52 wherein said data elements of said first register and

said second register comprise of double-precision floating-point values.



60. The apparatus of claim59 wherein said inedi ate operand is an 8-bit

i medi ate operand. 61. The apparatus of claim59 wherein said data & NOV 2003
el enents of said first source register and said second source register
conprise of doubl e-precision floating-point values. 62, The apparatus of
claim59 wherein said data elenents of said first source register and said
second source regi ster conprise of single-precision floating-point val ues.
63. The apparatus of claim59 wherein said packed data conpri se of packed
doubl e words, 64, The apparatus of tl%im 59 wherein said packed data
conprisegf p i . o ' | aid
packed ddta calPeliR bt s2 N ARRATRUGIGharl. & AORIRBIF Ind S,

wher ei N ggidckegRRRYCRists chapred dMeskioyraiedt ivatingpaiiisluegat a on a machi ne
readabl e nedium 67. The apparatus of claim59 wherein said first source

-1 egi st ers5i s Alzmppatathstdclaimatdi wiereio gaidipacked dagy elathentaprapmsensd packedl ai m 59
wherein said first source register is the sane as said second source

regi st er dogble words.appar at us of claim 59 wherein said two OT More sets of

control Rits nprise, Dbi .0 and. 1 .of it | e di v/ e
appar at u360f ?IC}Ei qﬂp%ﬁm\ﬁhogcgﬁuﬁ‘ @a"%&c rglgﬁ?ltd ql?“r:rl#élc a”tégérg%rg?ggngi cc?r?pﬁ’?gﬂe-ég bits O

and | togghgct fromsaid first source register which data elenent is
copied into the lowest data field in the |ower half of the destination
regi st er 57and Bictappdratuscoisldim 49evkertinfspidipacxiddlatadouents sompnss ofggekader

whi ch data elenent is copied into the lowest data field in the upper half
of the d&¥tSSnation register. 71. The apparatus of claim60 wherein said
8-bit i di at i L: : aid
irst soarce rois Epeiils R mnmuh el i e o el B 2
of the desti nakheppar@gs 6é@prisigtd bits 4 through 7 to select fromsaid

second source register wiich data elenents are copied into the upper half
of the desti naaniipgtruction decoder to receive and decode a shuffle instruction, said shuffle

instruction to include an immediate operand comprising two or more sets of control
bits;

a first source register to hold a first packed data, said first packed data comprising
of a first data element and a second data element;

a second source register to hold a secoﬁd packed data, said second packed data
comprising of a third data element and a fourth data element;

a destination register to hold a third packed data;

an execution unit coupled to said first source register to receive said first packed
data, and to said second source register to receive said second packed data; and

wherein said execution unit is further coupled to said instruction decoder to
receive said two or more sets of control bits, said execution unit to select from said
first source register at least one of said first and second data elements in response to a
first one of said two or more sets of control bits and to copy said selected data
clement from said first source register to a first data field in a lower half of said
destination register, and said execution unit to select from said second source register
at least one of said third and fourth data clements in response 1o a second one of said
two or more sets of control bits and to copy said selected data element from said
second source register to a second data field in an upper half of said destination

register.



regi ster. 72. The apparatus of claim71 wherein said 8-bit imed ate
operand conprises bits 2 and 3 to select fromsaid first source regiﬁsrwznm
whi ch data elenent is copied into the highest 6 NOV 2003 -27- data field In
the lower half of the destination register, and bits 6 and 7 to select from
said second source register which data elenent is copied into the highest
data field in the wupper half of the destination register. 73. A conputer
system conprising: a nenory to hold software, said software to supply a
shuffle instruction for execution, 38 d shuffle instruction including a
plurality,of gl %g%d Qs BE Eigim 39 ViRrdd 946 ERediaRUpeRtld iParsibit imerediaye t 0
receive and to de Je sald shuffle instruction, said processor further
conpri si ggeragd.fi rst storage location to hold a first block of packed data;

a second storage location to hold a_ second bl ock of p_%ctked data; . a third
storage Gbcat Tba apparaws @f elaim SP avhsreie k2 faty slamsatsyefisald THRIFONTEIFRSEE (o
select a first datg el enent from sai ' I : based on
a first 54 S?FSP@ gy et ﬁeeg;%?rucrog}plr{sggg $1£b2%—g%{: g%ﬁ' thlatt.lgggF ﬁ]g(‘;{l gEéghuf fle

LS rust b 2RGe LB SRRY of Blafhn f5h heterdR bAd AbReRMent Cofald firgt solederefistet d i n
said thir storagg | ocation, said circuit further to select a second data
el enent hfidEaid ababnd Sonea dedistercdonyirisp af kipgledutcisibn Sedfingrpanicedunsd one or

nore of the plurality of selection bitg and . to copy said second.data
rement 66, o db6sBAMAe S FIAGT 39 HHOReA A PRKE i FORPr6 ELPIR GoUBIE The
conput er s&%em of claim 73 wherein said first storage location is a

regi ster ¥ . The conputer systemof claim74 wherein said third storage

| ocationghs a }ﬁ@g?ﬁi‘ﬁﬁks of &Bim F98yIG9¢Th ¥hi paskedtdam @dinpeisabifpatketard n sai d
first storage location and said third storage |ocation are the sane
regi ster 65.  The apparatus of claim 59 wherein said packed data comprise of packed bytes.

66. The apparatus of claim 59 wherein said apparatus is defined by machine readable

data on a machine readable medium.

67.  The apparatus of claim 59 wherein said first source register is also said destination
register,
68.  The apparatus of claim 59 wherein said first source register is the same as said

second source register.

69.  The apparatus of claim 59 wherein said two or more sets of control bits comprise
bits 0 and 1 of the immediate operand.

70.  The apparatus of claim 60 wherein said 8-bit immediate operand comprises bits 0
and 1 to select from said first source register which data element is copied into the lowest
data ficld in the lower half of the destination register, and bits 4 and 5 to select from said
second source register which data clement is copied into the lowest data field in the upper
half of the destination register.

71.  The apparatus of claim 60 wherein said 8-bit immediate operand comprises bits 0
through 3 to select from said first source register which data elements are copied into the
lower half of the destination register, and bits 4 through 7 o sélect from said second
source register which data elements are copied into the upper half of tﬁc destination
register.

72.  The apparatus of claim 71 wherein said 8-bit immediate operand compnses bits 2

and 3 to select from said first source register which data element is copied into the highest



77. The conmputer systemof claim 73 wherein said first data field is a
lower field in said third storage |ocation. 78. The conputer system BNV 200
claim77 wherein said second data field is an upper field in said third
storage location. 79. The conputer systemof claim78 wherein said third

bl ock of packed data conprises of said first data el ement and said second
data el enent packed together. 80. A processor-inplenented nethod to shuffle
packed data elements fromfirst and %fcond source operands conprising: 6
NOV 2003 -28- decoding a single instrtiction specifying first and second
source opesaNgs i Pd 16we t8E BesYinthiish repRtlr, 8 PAB Giane 716 seladtdronsadi at e

val ue, generating a resultant packed data operand conprised of packed data
el ement s s§dopssaice régistet whitt daecderders ducapiedapter the HighestWarfwldiinghes wi t hin
said i medi ate value are to specify which data elenents from said first
and secomgperdwltef thp desimadompEEIStaTi | | resul tant packed data operand, 81. The
processor. ;i rrplfment ed meihod of .claim80 wherein said bits are to specify
for uppet73and SREPUIEE FXS ?S?mggflggresultant packed data operand, data

el ements fromy fiemofy ool @Esieae Al soRwaectoonpplgadaufiledanaction &ry. 82. The
processor-inpl enent éd net hod of claim80 wherein said first and second
packed dat acxeutics, sajdeshaffibsinstnettioniincluding b phmality o€ kelectioabifs;odr and are each
conprised of at least two packgd data el enents, 8

. _The.
processor - i mplERFeReSSer SAupleddo % aremony SOTSRAXF é?‘?lws‘gqcﬂ‘q;l bthudle val ue
conprises of an 8-bit..valu : ssor-inpl emented nethod of claim
83 wherein gagﬁ'actfqn}, g@dgﬁ%ccgsgggﬁglel-ggrgﬁégﬁ%per ands conpri se of
si ngl e- preci si on flpatd BYrapeiltdativakeBsid 8Tirst Bieckufpackatata; mpl ement ed met hod
of claim 83 wherein said packed data
a second storage location to hold a second block of packed data;
a third storage location to hold a third block of packed data; and
a circuit to select a first data element from said first block of packed data
based on a first one or more of the plurality of selection bits of said shuffle
instruction and to copy said first data element to a first data field in said third
storage location, said circuit further to select a second data element from said

second block of packed data based on a second one or more of the plurality of

selection bits and to copy said second data element to a second data field in

said third memory location. |
74, The computer system of claim 73 wherein said first storage location is a register.
75. The éomputer system of claim 74 wherein said third storage location is a register.

76.  The computer system of claim 75 wherein said first storage location and said third
storage location arc the same register.
77.  The computer system of claim 73 wherein said first data field is a lower field in
said third storage location.
78. The computer system of claim 77 wherein said second data field is an upper field
in said third storage location.
79.  The computer system of claim 78 wherein said third block of packed data
comprises of said first data element and said second data element packed together.
80. A processor-implemented method to shuffle packed data elements from first and

sccond source operands comprising:



el ements conprise of packed words. 86. The processor-inpl enmented net hod of
claim83 wherein said first and second source operands conprise of b NOV 2003
" 128-bits of packed data. 87. A processor for perform ng a shuffle operation
in response to a shuffle instruction conprising: a decoder which decodes a
single instruction specifying first and second source operands and a field
of control bits; and an execution unit which, responsive to said field of
control bits, generates a resultant cked data operand conprised of data
elenents fromsaid first and second ~Source operands, wherein said contro
bits are to spesdding #heingl idahrtieh spaifymgffirsrandsatahdfsbuse operdndseandrd sour ce
operands fill upper and | ower halves of said resultant packed data

oper and. 88miritdatervabessmt of cl ai m 87 wherei n packed data for each of said
first and second 6 Nov 2003 -29- source operands and saj sulta oper and
i s conprised &%sPapsIVeiRsal Wﬁ‘g'&'ﬁ?é’&ﬂﬁageélep”gllng et ?‘nqé?.gf(%n‘i?%?%e&@gs or of

cl ai m 87 wher ej ' -] ' IRk nd t  val ue.

90. The prd%ggggﬁa%#gg%glﬁg 1ﬁﬁgggﬁgﬁgg#%&?frst gn ggg%gﬁgmggﬁice oper ands
conpri se Ofh&kelhifr WitEaissiddmriddias vilge peitospacifly wdsich &ita elEmenpriomessor  of

cl aim 88 wherein said packed data el enents conprise of Packed wor ds. 92.
The processsud fifst ehdisenodd somres eperandsipack il sesuliant paaked iataensrand. oper ands
conprise

Sard 11 - andeavesms e ael araed 3 tain £ SRARET S8 S; e SR Yher el

for upper and lower halves of said resultant packed data operand, data elements from the

first and second source operands, respectively.
82.  The processor-implemented method of claim 80 wherein said first and second
packed data source operands and said resultant packed data operand are each comprised
of at.least two packed data elements.
83.  The processor-implemented method of claim 82 wherein said immediate value
comprises of an 8-bit value.
84.  The processor-implemented method of claim 83 wherein said first and second
source operands comprise of single-precision floating-point values.
85. The proceséor—implemented méthod of claim 83 wherein said packed data
elements comprise of packed words.
86.  The processor-implemented method of claim 83 wherein said first and second
source operands comprise of 128-bits of packed data.
87. A processor fof performing a shuffle operation in response to a shuffle instruction
comprising: |
a decoder which decodes a single instruction specifying first and second source
operands and a field of control bits; and
an execution unit which, responsive to said field of control bits, generates a
resultant packed data operand comprised of data elements from said first and second
source operands, wherein said control.bits are to specify which data elements from
said first and second source operands fill upper and lower halves of said resultant
packed data operand.

88.  The processor of claim 87 wherein packed data for each of said first and second



94.- An apparatus conprising: an execution unit to receive a first packed

+ data conprised of at least a first and second data el enents, a secorfdNQV 7003
packed data conprised of at least a third and fourth data elenents, and a
set of control bits, and to output a resultant conprised of a first and
second portions, wherein said execution unit in response to said control
bits is to select and copy at |east one of said first and second data
elements fromsaid first packed data_tg said first portion of said
resultant and to select and copy at |&ast one of said third and fourth

dat a el en®pice dpeRMS andlssdnsnantapérand tatampriscdel = issttwopapkrd dabm of sai d
resul tant. 95. The apparatus of claim 94 wherein said first and second
packed datlememspri se of packed words. 96. The apparatus of claim94

wherein said first and second cked. dat [l se; P , teg. . 97.
The appar&tus H%° RIPSFSEP ‘i%ﬂ@r @fﬁhgr51ncﬁa+@§%$5§mﬂ?fghﬁlf*§%°?@ﬁ%§$gf éﬁa%ﬁ“second
packed d\%ﬁ) conprise of 128-bits of packed data. 6 N OV 2003 - 30 98. The
appar at us ‘claim94 wherein said resultant and said first and second data
conprise g SiTRd froRéR6H 6f Minf §PAherelr a6l fiist atel ssend B9rce Bperandyamariss  of
claim 94 wherein said set of control bits conprises of 8 bits. 100. The
appar at usofafingl¢-previsién flbmingipointaiatizesi r st packed data is the sane as said
second packed data. 101- The apparatus of claim 94 wherein said. appayatus
S et i hell by TRt MORESPLRREBRLES BUEE Pt T TS BPRR TIRGD 2. An
appar at us,¢ rising: a decode unit to decode an instruction to operate on
a first packed data operand including at |east two data el enents, a second
packed dagn OpThépfbcesset ofiilaign 87 wherit said first and second source operands comprise

of 128-bits of packed data.

93,  The processor of claim 87 wherein said first and second source operands are the

same operand.

94.  An apparatus comprising:

an execution unit to receive a first packed data comprised of at least a first and
second data elements, a second packed data comprised of at least a third and fourth
data clements, and a set of control bits, and to output a resultant comprised of a first
and second portions,

wherein said execution unit in response to said control bits is to select and copy at
least one of said first and second data elements from said first packed data to said first
portion of said resultant and to select and copy at least one of said third and fourth
data elements from said second packed data to said second portion of said resultant.

95.  The apparatus of claim 94 wherein said first and second packed data comprise of
packed words. '

96.  The apparatus of claim 94 wherein said first and second packed data comprise of
packed bytes.

97.  The apparatus of claim 94 wherein said resultant and said first and second packed
data comprise of 128-bits of packed data.



two data elenments, and a third operand including a set of control bigfﬁmﬁﬁﬁ
*an execution unit coupled to said decode unit, said execution unit t

output a resultant having at least a first and second portions, said
execution unit responsive to said control bits to select and copy a first
data elenent fromsaid first packed data operand to said first portion of
said resultant, said execution unit further responsive to said control
bits to select and copy a second dataggel enent from said second packed data
oper and %ﬁ%;ai second portion of said resultant. 103. The apparatus of

cl ai m 10 er eRSARPATaUsseficlaim owberein spidresuWantaridsesrl forkt shdaietend dafd. The
apparatu ' 3 rel i d.a ratus i s defined by machine

r eadabl eSc ﬁp&fsé%&‘%ﬂné& r?%%ﬁ@ga@@‘gmﬁg‘gﬂ?% 105. The apparatus of claim 104
wherein said first and second packed data operands conprise of packed

words. 1 The apparatus. of claim 104 wherein said first and second packed
dat a oper@ands hﬁ%ﬁ%ﬁ%‘@ %f‘:?%@c%e‘ﬁﬁ%%é&d set of nyolgtongptisesidfA bifshe
apparatus of claim 104 wherein said resultant and said first and second
packed data operands conprise of single-precision floating-point val ues.
108. The @&fparHtesppafatusl ofichairh®9 wikeeifisai dTaEhatR&Idat AR h Isdhgf i rst and
second packed data operands conprise of 128-bits of packe ata. 109. The
appar at us*6 aﬁ?‘?ﬁa%@k wherein said first packed data operand is the sane
as said second packed data operand. 110. An article conprising a nmachine
readabl e nediumthat stores data representing a predeterm ned function
conpri si A§1. r élteiapbaghs of iclairh Macheesn datapsARS isSB¥ned b?halcﬁ]ﬁé}eaﬁaﬁlé rst and
second daql?? el emepts, a second packed data conprised ot at Teast a third
and f our t9R"4RR 2 merkiRg Fragable madivinset of control bits; and

102.  An apparatus comprising:

a decode unit to decode an instruction to operate on a first packed data operand
including at least two data elements, a second packed data operand including at least
two data elements, and a third operand including a set of control bits; and

an execution unit coupled to said decode unit, said execution unit to output a
resultant having at least a first and second portions, said execution unit responsive to
said control bits to select and copy a first data element from said first packed data
operand to said first portion of said resultant, said execution unit further responsive to
said control bits to select and copy a second data element from said second packed

data operand to said second portion of said resultant.
103.  The apparatus of claim 102 wherein said set of control bits comprises of 8 bits.

104.  The apparatus of claim 103 wherein said apparatus is defined by machine
readable data on a machine readeble medium.

105.  The apparatus of claim 104 wherein said first and second packed data operands
comprise of packed words.

106.  The apparatus of claim 104 wherein said first and second packed data operands
comprise of packed bytes.
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I n.response to said set of control bits, selecting and copying at |east one
- of said first and second data elenents fromsaid first packed data tfoNEy 2003
first portion of a resultant, and sel ecting and copying at |east one of
said third and fourth data elenents. from said second packed data to a
second portion of said resultant. 111. The article of claim 110 wherein
said set of control bits conprises of 8 bits. 112. The article of claim 110
wherein said first and second packed ?ata conprise of packed words. 113.
The article of claim 110 wherein sard!first and second packed data conprise
of packpaf.byThsa u aiad 10 | kN, sal d resultant and
said first and se%%a%]ﬁ %gﬁeg{i%ﬁgeﬁ%n%ﬁggﬂlﬁpwﬁ?t%ﬁsﬁﬁ ed data. 6
NOV 2003packed data dperehds enmprise of singlehpriecisibh Glowt-phit vdhed. dat a stored by
sai d machi ne readable nediumrepresents an integrated circuit design,
whi ch when fabricated perforns said predetermned function in response to
a si ngl ejggont ' 8 1l Lnstyuction ,116._ The article of claim
110 wherein sgli?%ja éé‘ﬁg@s?f(}rrlaelg’ ﬁjﬁ %ﬁgh%%&rfﬁuéﬁg@géﬂ%@rsmisﬁ?ﬁntdepr esents a
conput erpaiChgidatabpemndwﬂnmﬁseioflmceﬁslbﬁﬁhchyd@atéfaChi ne, causes the nachine
to performsaid predetermned function. 117. A nethod conprising: receiving
a first packed data conprised of at least a first and second data

el ement sypoa sn&pﬂ%a%g(&dc ! FoACONRL f, at t a third and fourth

data el enents, N I?:Oéntro%lh%%%siﬁﬁanﬁﬁk4dﬁ&?%%ppe5e@sgﬁ B set of

control said eombpaked dgtaaperagdpyi ng at | east one of said first and second

data elenents fromsaid first packed data to a first portion of a

resultant, and selecting and copying at |east one of said third and fourth

data el efypnt an bR Sdthisg £ RARAC KalaflR bR ol i S50 4B Feprentifg 2 5 ¢
predetermined function comprising:

receiving a first packed data comprised of at least a first and second data
clements, a second packed data comprised of at least a third and fourth data elements,
and a set of control bits; and

in response to said set of control bits, selecting and copying at least one of said
first and second data elements from said first packed data to a first portion of a
resultant, and selecting and copying at least one of said third and fourth data elements-

from said second packed data to a second portion of said resultant.

111.  The article of claim 110 wherein said set of control bits comprises of 8 bits.

112.  The article of claim 110 wherein said first and second packed data comprise of
packed words.

113.  The article of claim 110 wherein said first and second packed data comprise of
packed bytes.

114, The article of claim 110 wherein said resultant and said first and second packed
data comprise of 128-bits of packed data.



118. The nethod of claim 117 wherein said set of control bits conprises of
-8 bits. 119. The nethod of claim 118 wherein said first and second pag New 2003
data conprise of packed bytes. 120. The method of claim 119 wherein said
resultant and said first and second packed data conprise of 128-bits of
packed data. 121. The nethod of claim 120 wherein said first packed data is

the sane as said second packed dat a.
-32.
115.  The article of claim 110 wherein said data stored by said machine readable
medium represents an integrated circuit design, which when fabricated performs said

predetermined function in response to a single control signal or a single instruction.

116.  The article of claim 110 wherein said data stored by said machine readable

medium represents a computer instruction, which, if executed by a machine, causes the
machine to perform said predetermined fimction.

117. A method comprising:

receiving a first packed data comprised of at least a first and second data
elements, a second packed data comprised of at least a third and fourth data elements,
and a set of control bits; and

in response to said set of control bits, selecting and copying at [east one of said
first and second data elements from said first packed data to a first portion of a
resultant, and selecting and copying at least one of said third and fourth data elements
from said second packed data to a second portion of said resultant.

118.  The method of claim 117 wherein said set of control bits comprises of 8 bits.

119.  The method of claim 118 wherein said first and second packed data comprise of
packed bytes.

120.  The method of claim 119 whercin said resultant and said first and second packed
data comprise of 128-bits of packed data.

121. The method of claim 120 wherein said first packed data js the same as said second
packed data.



