A METHOD, APPARATUS, AND | NSTRUCTI ON FOR PERFORM NG A SI GN OPERATI ON THAT
MULTI PLI ES [ 0001] The patent application is related to the foll ow ng:
co-pending U. S. Patent Application No. entitled "Nonlinear Filtering And
Debl ocking Applications UWilizing SIMD Sign And Absol ute Val ue Qperations”
filed on June 30, 2003 FIELD OF THE | NVENTI ON [ 0002] The present disclosure
pertains to the field of processing apparatuses and associated software
and software sequences that perform nathematical operations. DESCRI PTION
OF RELATED ART [0003] Computer systens have becone increasingly pervasive
in our society. The processing capabilities of conputers have increased
the ef fi ci MIERH@DJIAPPARWCTUIS,i ANDANS TROIKAON FOR P BRIUSRSINCE A SIGKQT

prof essions. As the costs of purchasing and owning a conputer continues to
drop, nore and nore consgpRiRs ﬁﬁﬂwﬁﬁh?P take advant age of newer and
faster machines. FurthernDre y peopl € enj oy the use of not ebook

conput ers because of the freedon1 Nbblle conputers allow users to easily
transport their data and work with themas they |eave the office or
travel. This scenario is quite famliar wth marketing staff; corporate
executives, and even students. [0004] As processor technol ogy advances,
newer software code is al so being generated to run on machines with these

procesgig] Uskiepa@angspichtiort Pasled anthe dSHEWid: N meniopaepce fromtheir
conputers regardless of the type of software %elng used Cne such issue

can argggﬂ LEBhile ki nds Ofenhﬁéc}w&&nngg}%ég&ﬂ%ﬁ%ﬁ bRk MigliopdCt L Y

bei ng orne mrrhr ’he processor ypes or" c’ogﬁs require
of the o eratlons and/ or

I
[n;{og E) f—lﬂééﬁﬁ@% 5? t%%‘f"s?meé%aﬁxﬁls%aer’v%$w P? optimi ze the way

certain conpl ex operatlons are executed inside the

FIELD OF THE INVENTION

[0002] The present disclosure pertains to the field of processing apparatuses and
associated software and software sequences that perform mathematical operations.

DESCRIPTION OF RELATED ART

[0003] Computer systems have become increasingly pervasive in our society. The
processing capabilities of computers have increased the efficiency and productivity of
workers in a wide spectrum of professions. As the costs of purchasing and owning a
computer continues to drop, more and more consumers have been able to take advantage of
newer and faster machines. Furthermore, many people enjoy the use of notebook
computers because of the freedom. Mobile computers allow users to easily transport their
data and work with them as they leave the office or travel. This scenario is quite f:amiliar
with marketing staff, corporate executives, and even students.

[0004] As processor technology advances, newer software code is also being generated

to run on machines with these processors. Users generally expect and demand higher
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processor. [0005] Media applications have been driving m croprocessor
devel opnent for nore than a decade. In fact, npbst conputing upgrades in
recent years have been driven by nedia- applications. These upgrades have
predom nantly occurred within consuner segments, although significant
advances have al so been seen in enterprise segnents for entertai nnent
enhanced educati on and communi cati on purposes. Neverthel ess, future nedi a
applications wll require even higher conputational requirenents. As a
result, tonmorrow s personal conputing experience will be even richer in
audi o- esfoahaek et theiradmpltdrs @gadRsof tBaSipe fof k6ftwats ®eingndedTODRe such

i nportantly, conmputing will nmerge with comruni cations. [0006] Accordingly,

the di SiE’éu@)ém?Friée“f?&ﬁhe lgﬁdé’\?ﬂ ihstﬁx%tims%g%ﬁvgraag%%gi dle Q&Qalgg} ﬁé?nggdat a, which

is collectively referred to as content, have becone incre€asingly popul ar
applicatipns . for.current conmputing devices-. Filtering and convol ution
oper at MEHOMRFLERiRdhe PresfisOreiamn BERIaRT BALH BRI PG SHPRER: ont
data, such as inmage audio and video data. Such operations are

conput daseshen thy complenty véthepperabénsandéor itypgtoficaveitry ocdigt dhpwpravides &sm t hat -
can be exploited through an efficient inplenmentation using various data

st or agepgeitini§o optifitize the wh tertlmgthplex Shétgliens 416 txdeaicdnsidadhei pl e dat a
(SIMD) registers. A nunber of current architectures also require
unneceﬁﬁg&%(pata type changes which minimzes instruction throughput and
significantﬁy i ncreases the nunber of clock cycles required to order data

st r ud0lske | "Hst BBREHons e AR B UoE RUFOPIBGT A RPPERSY BRGFPIBY o bi nary
nunber. However, the capabilities of these prior all signum instructions
are | i nhancaiddcadey daffagtimes comppibug apargdeis in rpopnti yeanshavsbeanairiven by niedia her
processing of the signurn results is needed because these results are
i nt er magplidadionse STHebS updrades have predominantly occurred within consumer segments,

although significant advances have also been seen in enterprise segments for entertainment

enhanced education and communication purposes. Nevertheless, future media applications

will require even higher computational requirements. As a result, tomorrow’s personal

computing experience will be even richer in audio-visual effects, as well as being easier to

use, and more importantly, computing will merge with communications.

[0006] Accordingly, the display of images, as well as playback of audio and video data,

which is collectively referred to as content, have become increasingly popular applications

for current computing devices. Filtering and convolution operations are some of the most

common operations performed on content data, such as image audio and video data. Such

operations are computationally intensive, but offer a high level of data parallelism that can

be exploited through an efﬁc'ient implementation using various data storage devices, such

as for example, single instruction multiple data (SIMD) registers. A number of current

architectures also require unnecessary data type changes which minimizes instruction

throughput and significantly increases the number of clock cycies required to order data for
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| arger algorithnms. By requiring additional instructions to achieve the
desired results, additional costs were incurred in ternms of processing
resources and pipeline slots. BRI EF DESCRI PTION OF THE FI GURES ] 0008] The
present invention is illustrated by way of exanple and not limtation in
the Figures of the acconpanying draw ngs: [0009] Figure 1A is a block

di agram of a conputer systemforned with a processor that includes
execution units to execute an instruction for a sign operation that
multiplies in accordance with one enbodi nent of the present invention;

[ 0010] ﬁ?ﬁﬁ?ﬂp?p@?WQ?sa bl ock di agram of another exenplary conputer system
in accordance with an alternative enbodi nent of the present invention;
[0011] F08Ur e Maripss prityl astkigniiedgedimsiplctipas, saclobdvesi geue instractyorc onput er
systemin accordance with another alternative enbodi nent of the present

i nvent i @dtemtiOthe bighioddbinaty hdmBer lFRWevel, A ARuATiti S Hise hPiofht Sigh@gt ure for

a processor of one enbodinent that includes logic circuits to performa

sign o o Jul.tipldes in__acgordance with.the esent invention;
o0y PESBICER SRRl h bRl PooBS2inatEaitet Mosl hBBFIEE ot ons  n
mul timedia registers accordiing to one enbodi nent of the present invention;
[ 0014] BEPERIFIBE QRthe signum reeults i Aeaded becrrse hossaesulls apgintarmadiate results ofn
alternative enbodinment; [0015] Figure 3Cillustrates various signed and
unsi gnddrgpaaienthoat Bytrypering edli e imtrucios ite achid¢viei thedésired eguis,er s
according to one enbodi rent of the present invention; [0016] Figure 3D

i || ust raatiRpnaNDse WeRslindBRbd R e SIRHALLIAR rQBGRM O dipdimedf)s. format;



[0017] Figure 3E illustrates an alternative operation encodi ng (opcode)
format; 4. [0018] Figure 3F illustrates yet another alternative operation
encoding format; [0019] Figure 4 is a bl ock diagram of one enbodi nent of
logic to performa sign operation on packed data operands in accordance
with the present invention; [0020] Figure 5 illustrates the operation of a
sip operation that nultiplies On data elenents in accordance with one
enbodi ment of the present invention-, [0021] Figure 6A is a block diagram
of one enbodinent of a circuit for performing a sign operation in

accordance with the pBFEEFDESCRIPTION.OF AIRFIGURES 6B is a bl ock diagram
of another enbodinent of a circulrt Tor performng a sign operation in

accorda it - 1R L.QD4 ' 7 3l -us t he
opor at BHOSF" & THedpesBhaReRhioh AR b AT OCo bR o ihEpE LGS 110
accordance with one enbodi nent.  of the present invention; 100241 Fi gure 8A
“is a flBigueesef thejaceomEpanyingawings enbodi nent of a method to performa sign
operation; [0025] Figure 8Bis a flow chart -illustrating another

ermbodi nfaep9pf FigmteHodistachlpek diagramarf gicgmpoire systdno fornfed 8] a piogesser 9 is a
bl ock di agram of one enbodi nent of logic to perform an absol ute val ue

oper at i 33t BPIuAePICKRHriRR 1O BRS AR AN ARk of o Wistnldpetdtio $hdt aluggplidien
operation of a debl ocking algorithmus-Ing SIMD instructions in accordance

with the present..nvention. an 0 | 1 is a flow chart
illust r%&cgﬁf %en‘éméﬂ%%%’lg"l?r(gdqﬁ?'eg‘f&éﬂen%%%éaﬁ}vg&é%ff orma deblocking algoritm

using SIMD instructions. DETALLED DESCRI PTI ON .
[0010] Figure 1B is a block diagram of another exemplary computer system in

accordance with an alternative embodiment of the present invention;

[0611] Figure 1C is a block diagram of yet another exemplary computer system in
accordance with another alternative embodiment of the present invention;

[0012] Figure 2 is a block diagram of the micro-architecture for a processor of one
embodiment that includes logic circuits to perform a sign operation that multiplies in
accordance with the present invention;

[0013] Figure 3A illustrates various packed data type representations in multimedia
registers according to one embodiment of the present invention;

[0014] Figure 3B illustrates packed data-types in accordance with an alternative
embodiment;

[0015] Figure 3C illustrates various signed and unsigned packed data type
representations in multimedia registers according to one embodiment of the present
invention;

{0016] Figure 3D illustrates one embodiment of an operation encoding (opcode)
format;

[0017} Figure 3E illustrates an alternative operation encoding (opcode) format;
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[ 0029) The follow ng description describes enbodi nents of a nethod,
apparatus, and instruction for performng a sign and nultiply operation.
in the follow ng description, nunerous specific details such as processor
types, mcro-architectural conditions, events, enablenent nmechanisns, and
the like are set forth in order to provide a nore thorou understandi ng of
the present invention. It wll be appreciated, however, by one skilled in
the art that the invention may be practiced wi thout such specific details.
Additionally, sone well known structures, circuits, and the |ike have not
been shiii8] n dégwiel 3R Wlustvarestyet anmmbearedtsamniilyomdvsttmr dnegdinh €ofaiaes ent

i nvention. (0030) Although the foll ow ng enbodi nents are described with

referenggidp a FiPhRUES 3 Wockity t her types
of int eg?)at}e)d c"?f:w ts an%lCk | og] %‘Il%\egg@mlﬁl’mg{?;g tbgﬁ‘bu‘gﬁégggnd

teachin s of the i nvention n eas be a to other types of
ci rcui t SPEPUTSH @gkﬁi@%?m&ﬂffé‘ég‘:ﬁoﬁ ceaH QXWF??PP'}VSH?‘FH sgher pi pel i ne

t hroughput and i nproved perfornmance. The teachings of the present invention
are Bwehbl Figuredrijluprasesdbe operatiomedstiigreopanationsbat ronitiplisendata

mani puI ations. However, the present invention is not limted to processors

or machélements hedccpelahar Witk bfc Bhbodiddft dithe piedent Riventid® bit, or 16 bit data
operations and can be applied to any processor and machine in which

mani pul of eri pti on,
for pur ggggg o] 1%@%9 ?’?f?\cw(ﬁ %g%ggng%)@gl %}'ehpdtie{(glr{ugﬂ ég?éé@(g}rﬂﬁrt h in
or der tog‘}éjrow de .a thorough tg)\r/bgersta di ng .of the present invention. One of
or di nar 84 RRGFUGN{N acordance With the presenifvenitions, o i at e t hat t hese specific
details are not necessary in order to practice the present invention. In
ot her | 982:UnceXigure6B ikn kéllmmioéamlg@frqndlodm@t@ﬁdcm:méfnrts have not
been set forth in particular detail in order to not necessarily obscure the
pr esent parfovitigi acsign dperaibaiih iacdvrddnce withl thepiesent deeatiomt i on provi des

exanpl es, and t he acconpanyi ng drawi ngs show vari ous exanples for the

pur pos epei) Figure 7 illustrates the operation of a packed sign instruction on a plurality data

elements in accordance with one embodiment of the present invention;

{0024} Figure 8A is a flow chart illustrating one embodiment of a method to perform a
sign operation;

[0025) Figure 8B is a flow chart illustrating another embodiment of a method to
perform a sign operation;

[0026] Figure 9 is a block diagram of one embodiment of logic to perform an absolute
value operation on a packed data operand;

[6027] Figure 10 illustrates the operation of a deblocking algorithm usmng SIMD
instructions in accordance with the present invention; and

{6028} Figure 11 is a flow chart illustrating one embodiment of a method to perform a

deblocking algorithm using SIMD instructions.



illustration. However, these exanples should not be construed in a limting
sense as they are nerely intended to provide exanples of the present
invention rather than to provide an exhaustive list of all possible

i mpl ement ati ons of the present invention. 100321 Although the bel ow
exanpl es describe instruction handling and distribution in the context of
execution units and logic circuits, other enbodi nents of the present

i nvention can be acconplished by way of software. In one enbodi nent, the
net hods of the present invention are enbodi ed i n machi ne-execut abl e

instructions. The instruct DERAIIHD NESCGRBITKANcause a general - pur pose or

speci al - pur pose processor that is progranmed wth the instructions to

perfor ooty st gps fotfowiNEdRERSIRR dosERR eh®Bdindhes FTaaneRbd, AppeatisOhd My be
provi ded as a conputer program product or software which may include a

machi n . - e [ i st.0 hereagn_instructions
wni on a6 I e b R A3 SN R8P LR PP Bh BErer BBy ceq) 1 o
performa process_according to the present invention. Aternatively, the
steps dRMeRRYSSPedifie Ctﬁ'rlﬁr%ﬁg AHRATORFIIAT LYBES, pusPosigcHal conditiprs. VEs: dwar e
conponents that contain hardwired logic for performng the steps, or by
any corebiblamegmehapsograahtislilcoarp sttdortc onprdasotpsoddea oust Grordughdwar e
conponents. Such software can be stored within a nmenory in the system

Siml aruhﬁersﬁaﬁﬁn?@ﬂﬂlc AéseREnvétitivh! BMlIESE apbrecitdie h¥WEver By S shlledqh Ot her
conput er readable nmedia. 100331 Thus a machi ne-readabl e 'nedi um may i ncl ude

by a et G el By B pro LI B RTRLGAL AR SRt e,
O RS e el St b B ERRSIR el i, (o
Er asabl e Prograi nmabi e Read-Only Menory (EPROM), Electrically Erasable
Pr ogr atmegsessagb ebsRuang-toapsesows mmenptilEEPROM) , magnet | ¢ or optical cards,
flash nmenory, a transm ssion over the Internet, electnical, optical,
acoust [G030] or Alth®ighfthe foblo@ingdnitaiiratse are described with reference to a

processor, other embodiments are applicable to other types of integrated circuits and logic

devices. The same techniques and teachings of the present invention can easily be applied

to other types of circuits or semiconductor devices that can benefit from higher pipeline

throughput and improved performance. The teachings of the present invention are

applicable to any processor or machine that performs data manipulations. However, the

present invention is not limited to processors or machines that perform 256 bit, 128 bit, 64

bit, 32 bit, or 16 bit data operations and can be applied to any processor and machine in

which manipulation of packed data is needed.

[0031}] In the following description, for purposes of explanation, numerous specific

details are set forth in order to prévide a thorough understanding of the present invention.

One of ordinary skill in the art, however, will appreciate that these specific details are not

necessary in order to practice the present invention. In other instances, well known

electrical structures and circuits have not been set forth in particular detail in order to not
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signals (e.g., carrier waves, infrared signals, digital signals, etc.) or
the like. Accordingly, the conputer-readable nmediumincludes any type of
medi a/ m achi ne-readabl e nedium suitable for storing or transmtting
electronic instructions or information in a formreadable by a nmachine
(e.g., a conputer). Mreover, the present invention may al so be downl oaded
as a conputer program product. As such, the programnmay be transferred from
a renote conputer (e.g., a server) to a requesting conputer (e.g., a
client). The transfer of the programmay be by way of electrical, optical,
acoust | Befessaply ehspere thepmsenbivertica. i gddition, tenfotidived; desci@ptarproedesvave or

ot her propagation nediumvia a comrunication link (e.g., a nodem network

connect éxampes, hmhhiak@inpaia%§ﬂiavﬂn%ﬁ\b%aﬁaﬂs SQniplORe the R RESoS t ages,
fromcreation to sinulation to fabrication. Data representing a design nmay

repres des| i f ripners., First.. as is useful in

si mul aﬁm gﬁ%ﬂﬁ{] hgﬂh‘%ggw}egc Wées S?‘@Bfrag]é)(kaﬁ? &t Sﬂg?dn‘é‘ %r"ﬁgf"&ﬁﬁ?sé: aSfyeription
| anguage or another functional description | anguage Additionally, a circuit
| evel nBBEeT f’ﬁﬂ}c{ﬁs ite POy sxapples of the presgutiinenyap rafherthanitoquavide as one

stages of the design process. Furthernore, nost designs, at some stage,
reach aexheysgive bt afallgpassibledmplenientativheof thhpssenlinyghéiornent of vari ous
devices in the hardware nodel. In the case where conventional

seni corfdosa]or Aahbi@athe BBlOWESAMPIFBscbE intktBbtiod REdRAL and BRIBRERL (19 the
har dwar e nodel nmay be the data specifying the presencé or absence of

i il.. dif: . . f.0or,. K dt d th
ot cor aped ek 8 efctyiof bt BT CRE SN B ent o iBR R R Bkl b mmy b

stored.in any formof a _machi ne readable pedium_ An optical or electrical
wave nﬁ’d‘tﬁ“ﬁ{"gaafb‘?e %ﬁcﬂ’é'P\‘Mr%é yerrolselives. dn apembodimsht, thefpethodsrafat i on, a

menory, or a magietic or optical storage such as a disc may be the nmachi |
me r edeRBIFIEnhinYENnn gp pmbpdich sswactenk-envsutably itgaictiphs. OThe'ihstdictiahe” t he
design or software
can be used to cause a general-purpose or special-purpose processor that is programmed
with the instructions to perform the steps of the present invention. The present invention
may be provided as a computer program product or software which may include a machine
or computer-readable medium having stored thereon instructions which may be used to
program a computer (or other electronic devices) to perform a process according to the
present invention. Alternatively, the steps of the present invention might be performed by
specific bardware components that contain hardwired logic for performing the steps, or by
any combination of programmed computer components and customn hardware components.
Such software can be stored within a memory in the system. Similarly, the code can be
distributed via a network or by way of other computer readable media.
[0033] Thus a machine-readable medium may include any mechanism for storing or
transmitting information in a form readable by a machine (e.g., a computer), but is not

~ limited to, floppy diskettes, optical disks, Compact Disc, Read-Only Memory (CD-ROMs),

and magneto-optical disks, Read-Only Memory (ROMs), Random Access Memory
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inforination. ~Wien an electrical carrier wave indicating or carrying the
code or design is transmtted, to the extent that copying, buffering, or
re-transm ssion of the electrical signal is perforined, a new copy is
made. Thus, a commrunication provider or a network provider may nake copies
of an article (a carrier wave) enbodying techni ques of the present
invention. fO00351 In nodern processors, a nunber of different execution
units are used to process and execute a variety of code and instructions.
Not all instructions are created equal as sone are quicker to conplete

whi | e offteds, FrasebiaRe geamreatde ReatsOnbVienos! (EPRON), BYsdesily EFablkast er t he
t hroughput of instructions, the better the overall performnce of the

e Phgrl I kY o Ry Ay, PEBLBLBIAEDS

execute aS fast as possi nstruct-1ons that
have greater. conpl exity an equife .nore in terns of execution tinme and
proces s%?ns%?bclﬁn@v@é ﬁlcﬂ%?engngﬁreﬁﬂga[ PRusaL agpusticplprathey forms fpronsgatedict i ons,

| oad/ store operations, data noves, etc. [00361 As nore and nore conputer
syst ensSigials Gadarmerivaves, irftarechsigmld, digialisignala el ) erdhé bks , Acmiadinglynal
processor support has been introduced over tinme. For instance, Single

| NSt r ucthé compidsi-tdaphisic Rrtifun{ BtMIs inytig@esf thedi@hiabhinpeéddhble Rddiuikt | ons and
Streaming SIM Extensions (SSE) are Instructions that reduce the overal

nurmber Qf 1098 Md%%gfﬁgﬁ%ggctIanicei)ﬁ?t%i:tn%{:@omf LGHb&n P fo?xgnrr M hRASK

which in turn can ower consunpti on. ese I nstructions can
speed sof twar erforman %Wg operating on nultiple data, el enepts in
par al | gﬁ 2 %C}%\"?@ ) al‘fonﬁg&frgr #@égrgmeﬁ%e gHingentionmay Alsp end‘é”"\'z{ﬁ’%igdr ange of
applications including video, speech, and inmage/ photo processing- The
i Npl en@ABLOMPHIES PIOETNIDPFadyct: LAt ushdhe prograse oial be éansfemedifidmsd ieivotr t ypes of
logic circuit wusually involve a nunber of issues. Furthernore, the
conpl exobtwputet (5. MDsape) &t & esestihg eompliten@sg. { Ocliknt)e Qe tansfadsl thé onal
circuitry in order to correctly process and nani pul ate the data,

program may be by way of electrical, optical, acoustical, or other forms of data signals

embodied in a carrier wave or other propagation medium via a communication link (e.g., a

modem, network connection or the like).

[0034] A design may go through various stages, from creation to simulation to

fabrication. Data representing a design may represent the design in a number of manners.

First, as is useful in simulations, the hardware may be represented using a hardware

description language or another functional description language Additionally, a circuit

level model with logic and/or transistor gates may be produced at some stages of the design

process. Furthermore, most designs, at some stage, reach a level of data representing the

physical placement of various devices in the hardware model. In the case where

conventional semiconductor fabrication techniques are used, the data representing the

hardware model may be the data specifying the presence or absence of various features on

different mask layers for masks used to produce the integrated circuit. In any

representation of the design, the data may be stored in any form of a machine readable
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100371 Presently a SFNAD sign instruction that nultiplies is not avail able.
Nor is there a SMD instruction for absolute val ue operations. Wthout the
presence of a sign operation that multiplies, a | arge nunber of
instructions and data registers are needed to acconplish the sane results
in applications such as audi o/vi deo conpression, processing, and
mani pul ati on. Thus, a sign instructions in accordance to the present

| nvention can reduce code overhead and resource requirenents. Enbodi nents
of the present invention provide a way to inplenent a sign operation as an
al gon' t Fifdiysht ApgrbEgal g5 elepiricgmrgvp medulatestor dtlardvserzencr8edto tatsodi seht s al so
provi de ways to inplenent an absolute value operation- Presently, it is
somewhainfoinidtionjd meaey, ioe dintighetior@PaEARrapd sdett as 4 isdmaRy¥Mihd BSinsiLr . Sone
algoriti-inis require nore instructions to arrange data for arithnmetic
operati LA ke e} ut e t hpse

p R0 ARdfRE gﬁ”% fthe glglg)ina . (22&{8? %g RFcate tﬁé(g?csﬁj grlor spitivare

operations. By inpl nting e e sign Operationt

mul tiplies i i ac%dancie&\#iit? t he ‘}i)re[s*snt, i nvention, the nunber of

i nst r uctY SR R JEF™HAY SEHI@) EEFHAVSIREEAlnE fy CRRying dhe ends OF flesign i§ r educed.
(00381 Enbodi ments of the present invention involve an -instruction for

i mpl emetitnsAyttedy ta/teicktenbibabopying buffaning oprare-dtansmissin off gheldiéotped sighan
determ nes whet her a given nunber is positive, negative, or zero- During a
si gnum s perfainea) 2 neWeopy ikrhade) Ths| a8 SuricatioiPesvid@or afRiwdtk prdVider
signum(x) = 1; for x = 0, signum(x) = 0; and for x < 0, signuni(x) = --1I.
However iy ii i I I .pld.catl f ta value b
I A e A R R e
sign oqgggikon that multiplies can avoid having to do nmany separate

oper at i ons. Brbodi ments of the present sign operation provides nore
functionality than the signuni and al so includes the multiplication- 10039]
A si gn [Py ucln wadsm paecesiosm paamber efidifferentsseutiomumitsianused tppricessst he

and execute a variety of code and instructions. Not all instructions are created equal as
some are quicker to complete while others can take an enormous number of clock cycles.
The faster the throughput of instructions, the better the overall performance of the
.processor. Thus it would be advantageous to have as many instructions execute as fast as
possible. However, there are certain instructions that have greater complexity and require
more in terms of execution time and processor resources. For example, there are floating
point instructions, load/store operations, data moves, etc.

[0036] As more and more computer systems are used in internet and multimedia
applications, additional processor support has been introduced over time. For instance,
Single Instruction, Multiple Data (SIMD) integer/floating point instructions and Streaming
SIMD Extensions (SSE} are instructions that reduce the overall number of instructions
required to execute a particular program task, which in turn can reduce the power
consumption. These instructions can speed up sofiware performance by operating on

multiple data elements in parallel. As a result, performance gains can be achieved in a

9;



operation.- DEST= SRC |1 x SIGNUMSRC2). If SRC2 is positive, the signum of
SRC2 w Il provide a value of "+lI'. If SRC2 is equal to zero, the result of
the signuin of SRC2 is =zero. If SRC2'i's negative, then the sigritun of
SRC2 is '-P, The sign operation that nultiplies as In enbodi nent of the
present invention takes the signurn of a second data elenent and
multiplies the signurn result with the value of a first data elenent to
obtain a resultant product.” The sign operation of one enbodi nent as
applied to an individual data elenent can be represented as. if SOURCE2 <
0, thenwideSange cd@ppiEtibnsinclimg video SPIRGE2nd-intagefpheto ESEsng 0Thel se | f
SOURCE2 > 0, then DEST ~ SOURCE | x '+ 1'. For a packed data operand, this
flow campiemérilidest INIEREHRuEARNR IEMRISHIbcRRT AdPimildOs&lofbgL RREGPr €, One

enbodi ment of a sign operation that nmultiplies can alS0 mnic the signurn

operation | lgggf[vﬁg ey gf Hbies ! Fuliahie I&%gﬁpgcgﬁgggﬁﬁﬁgﬁtggg%%%i eV? Ihge

of interes e second Source elemnment |

sign oqeﬂgtion éa t his enbodi ment causes a multiplication of the first
sour ce 1g3dstegmne {qxi agqifgo%ql 'CIECYitry nwrdgxf to corrpetlypreeass apd mqglpylaéqqthg dptde of the
second el enent, signiumcan be replicated here. Simlarly, enbodinents of
t he si JA0¥BHer aPresenthfa SIMB signvesituction thanmaltiptieps mboavailableo Ndrés the@laue
operations by setting, first source elenent to the sign operation equal to

the se@IMD ifQUH Bl BBRke valld @Jérﬁio@.shmﬁﬁm the ?%a&b%eofh [#fnVal ue
will essentially be multiplied its own sign, thus making the resultant

val ue - ifi 041%. Figure LA iis. a block diagramof an.exenplary
conput ot ZBUBRS: &1k iy S inslspibiohs by i e RE P e BB orBisin 1 s ¢ o

execute an instruction.fqQr a sign operation that nultiplies in accordance
wi th ofle Smsdarlisie applicatienssugh asqudiqlyidae FemPress)an: eFRCEERNg. i2pé | udes a

conponent, such as a processor 102 to enploy execution units including
| ogi ¢ megnipulation. Thus, a sign instructions in accordance to the present invention can reduce

code overhead and resource requirements. Embodiments of the present invention provide a
way to implement a sign operation as an algorithm that makes vuse of SIMD related
hardware. Some embodiments also provide ways to implement an absolute vatue
operation. Presently, it is somewhat difficult and tedious to operate on data in a SIMD
register. Some algorithms require more instructions to arrange data for arithmetic
operations than the actual number of instructions to execute those operations. By
implementing embodiments of a sign operation that multiplies in accordance with the
present invention, the number of instructions needed to achieve sign processing can be
drastically reduced.

[0038] Embodiments of the present invention involve an instruction for implementing
a variation of a signum operation. A signum operation determines whether a given number
is positive, negative, or zero. During a signum operation, the function evaluates a number
as: for x > 0, signum(x) = 1; for x =0, signum(x) = 0; and for x <0, signum(x) = —1.

However, in multimedia applications, the multiplication of a data value by the sign of
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perform al gorithns for process data, in accordance with the present

i nvention, such as in the enbodi nent described herein. System 100 is
representative of processing systens based on the PENTIUM"' |11, PENTI UM

4, XeonTM ani um XScal eTM and/ or StrongARMIM m croprocessors avail able from
Intel Corporation of Santa Clara, California, although other systens

(i ncluding PCs having other m croprocessors, engineering workstations,
set-top boxes and the like) may al so be used. I n one enbodi nent, sanple
system 1. 00 may execute a version of the WNDOASTM operating system

avai | abF”éOtF‘frd/ﬁKmI% efieis Beadeddpprs varioyn algpritetnuh dign Vashatiog thanmultiflisugh

ot her operating systens (UNI X) and Linux for exanple), enbedded software,

and/ or gaephidcidvingserdd mhey fepaat opaRyios. SBbEdimeaR &1 tHd Wresent fign Pr esent
invention is not limted to any specific conbination of hardware <circuitry

and sof byaidon prOAISImERERRERSANly FAMARSEARA ariSaShc bl e 0 comput er

systens. Alternative enbodi nen prese i'nventi on ed in
ot her dE)WS?]es such as_ handhel d evi cea_1 and enbedded applications. Sone
exanpl e hantiFER ASFEGHELE Acrorianse te thentesspt iBNees, compuissibe  Pr ot ocol
devices, digital caneras, personal digital assistants (PDAs), and handheld
PCs. Entreation: BESIT ©&RCAnsSKTMEERG2e I6SRT2nopaozitite; the signunaofiSRCRal si gnal
processor (DSP), systemon a chip, network conputers (NetPC), set-top

boxes, wilpovide atvahe,of Wi the IASRE2 NeAT to ZeM\Mle I SRS sigAImITSRUNR! system
that perfornms sign and/or absol ute val ue operati ons on operands.

ot nor 2B o SRS Bl R AN, 8E D) TR SReSRRE e

instnictions to operate on sever ata Sinul t aneou
efficiency. of multi ia ications. As the type and vol une of data
i ncr easrggl,}/’pﬁ So“ﬁﬂﬁf@ggg%%’?gﬁ ©PISFY dREDEPR taksy Hiesiemyan efmnserdidaty
mani pul ate data in nore efficient nethods.
element and multiplies the signum result with the value of a first data element to obtain a

resultant product. The sign operation of one embodiment as applied to an individual data
element can be represented as:
if SOURCE2 < 0, then DEST = SOURCEI x *-1;
else if SOURCE2 = 0, then DEST = 0;
else if SOURCE?2 > 0, then DEST = SOURCE] x “+1°.
For a packed data operand, this flow can be applied to each data element position.
[0046] Furthermore, one embodiment of a sign operation that multiplies can also
mimic the signum operation by using the value ‘1’ as the first source element and the value
of interest as the second source element in a sign operation. Because the sign operation of
this embodiment causes a multiplication of the first source element with one of +1°, ‘0, or
‘~1" based on the sign value of the second element, signum can be replicated here.
Similarly, embodiments of the sign operation of this invention can also perform absolute
value operations by setting first source element to the sign operation equal to the second

source element. This is achievable because the source value will essentially be multiplied

by its own sign, thus making the resultant value a ‘0’ or positive.
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[0043) Figure 1A is.a block diagramof a conmputer system 100 fornmed with a
processor 102 that includes one or nore execution units 108 to perform an
algorithmto extract the sign of a data el enment from one operand and
multiply that sign with another data element in accordance with the
present invention. The present enbodinent is described in the context of a
singl e processor desktop or server system but alternative enbodinents can
be included in a multiprocessor system System 100 is an exanple of a hub

archite . The copputer, system 100 i ncludes a processor 102 to process
dat a sﬁ%‘%\!{a] s. ﬁ%g%%d%é{?&%@ﬂr@h PFeFXSMPHT FeRPRtasyStent foomed stithaonput er

(CSC) mcroprocessor, a reduced instruction set conputing (Rl SC)
ni cr opr BEEEEHF thagingldes exseytion wktstuctdcote andnsdrniciibh Wr JGi Gl O RCRSEH . A
processor inplenmenting a conbination of instruction sets, or any other

pr ocess omnltidics deaccsrdafc@®ith ofle BnbadimshitTahe P9 SiRhtiod. O8yst ik 309! € The
processor 102 is coupled to a processor bus 110 that can transmt data

si gnal s Reidae t her. conponents _in the system 100.
The el e:rrgnt s gg?ﬁé%eﬁg%ﬁ%%@%%&?%@fﬁ@%g? PRI FERTYtORANIYE inrdyding bogiatat are
wel | kno%P tolt(ﬂ'ﬁﬁ% famliar with the (00441 In one enbodi nent, the
processBF A0A ¥ 34 pyogesy data, in agcordanie wathrih¢ preaerit énventiom rsyct Bin
Depending on the architecture, the processor 102 can have a single internal
cache othegmbpdiment fespobed nfreinnSesteral100 dchpresdltheve Spry@king kystRot her

enbodi nent, the cache nenory can reside external to the processor 102.

Q her  evdsetiontRPENEUNP $0, PENTIAZ® 3, 205 Ak L pternal and
external caches depending on the par’ti%a’p%lmnﬁ’g&nse%?eat% °4nd needs.

oo o kR OSSR S e TS et S B o &1
and | nsatlrilgt?gt,hi ocmer systems (including PCs having other MiCTOprocessors, engineerin
) g

workstations, set-top boxes and the like) may also be used. In one embodiment, sample
system 100 may execute a version of the WINDOWS™ operating system available from
Microsoft Corporation of Redmond, Washington, although other operating systems (UNIX
and Linux for example), embedded software, and/or graphical user interfaces, may also be
used. Thus, the present invention is not limited to any specific combination of hardware
circuitry and software.
{0042] The present enhancement is not limited to computer systems. Alternative
embodiments of the present invention can be used in other devices such as handheld
devices and embedded applications. Some examples of handheld devices include cellular
phones, Internet Protocol devices, digital cameras, personal digital assistants (PDAs), and
handheld PCs. Embedded applications can include a micro controller, a digital signal
processor (DSP), system on a chip, network computers (NetPC), set-top boxes, network
hubs, wide area network (WAN) switches, or any other system that performs sign and/or

absolute value operations on operands. Furthermore, some architectures have been

1%



poi nter register 100451 Execution unit 108, including logic to perform
integer and floating point operations, also resides in the processor 102.
The processor 102 al so includes a nmicrocode (ucode) ROMthat stores

m crocode for certain macroinstructions ~ For tills enbodi nent, execution
unit 108 includes logic to handle a packed instruction set 109. In one
enbodi nent, the packed instruction set 109 includes a packed sign
instruction for nodifying the sign value of data. By including the packed
instruction set 109 In the instruction set of a general-purpose processor
102, al onplewiented 4 bl @insttuctionsiol dpeyatd en sevsR it stoi@idnBsislelingRsse t he
operations used by many nul ti nedi a applications may be performed using

packed datdfitiong JendfidkdRUHPRSEcR 0SEHS ] : 'in,lrlf JB Limedia
applications can be accelgrg?g% gnd execﬁpgégﬁﬁPé e ?€C|e%%¥%&%y using the
full w C or's,data,bus, for, perfari-ning operations on packed
dat a. Tg(lglgp@grﬁ %3? p{ne‘lg) rrP:r? éesf?{% hivedq be gphaned loraanigyiate c@?“ 1iners effcieit a acr oss
t he proce %ag's data bus to performone of nore operations one data

el enent time. 10046] Alternate enbodi nents of an execution unit 108
can also be used in rnicro controllers, enbedded processors, graphics

devi ces{0083Ps, Fignredithira tlygediagriml d@icompuics bdtén 100 $6:8@d 348 5 1 ncl udes a
menory 120. Menory 120 can be a dynam ¢ random access nenory (DRAM

devi ce, pracésha 102 (hAMMIMAGHESS IR BlekudorRAM 188Y) SEsodd AN BRIy _devi ce.

or other nmenory device. Menory 120 can store ins dat a

represe : ignal s at can be execguted by the processor 102. | ~.
[ 0047] ‘%“?ﬁ‘s‘%%‘%@ %S? ?a%ﬁ?%“efi gmf"s""é?d’li?ﬁ'fa@g ag fft“ﬁ‘épi}5¥*@éé'§§b‘flthﬂa@ﬂ@10 and
nennry(%ég. The systemlogic chip 116 in the illustrated enbodinment is a
nenor y giFrgridR agrepancamiif therprasept ventiar. Tigpresent cubedimicntase to the MO |
116 via a processor bus 110.

described in the context of a single processor desktop or server system, but alternative

embodiments can be included in a multiprocessor system. System 100 is an example of a
hub architecture. The computer system 100 includes a processor 102 to process data
signals. The processor 102 can be a complex instruction set computer (CISC)
microprocessor, a reduced instruction set computing (RISC) microprocessor, a very long
instruction word (VLIW) microprocessor, a processor implementing a combination of
instruction sets, or any other processor device, such as a digital signal processor, for
example. The processor 102 is coupled to a processor bus 110 that can transmit data
signals between the processor 102 and other components in the system 100. The elements
of system 100 perform their conventional functions that are well known to those familiar
with the art.

[06044) In one embodiment, the processor 102 includes a Level 1 (L1) intemal cache
memory 104. Depending on the architecture, the processor 102 can have a single internal
cache or multiple levels of internal cache. Alternatively, in another embodiment, the cache

memory can reside external to the processor 102. Other embodiments can also include a

13



The MCH 116 provides a high bandw dth nenory path 118 to nenory 120 for
instruction and data storage and for storage of graphics commands, data
and textures. The MCH 116 is to direct data signals between the processor
102, nmenory 120, and ot her conponents in the system 100 and to bridge the
data signal s between processor bus 110, menory 120, system 1/0 122. |In sone
enbodi nents, the systemlogic chip 116 can provide a graphics port for
coupling to a-graphics controller 112. The MCH 116 is coupled to nenory 120
t hrough a menmory interface 118. The graphics card 112 is coupled to the MCH
116 t hcomgimnation atbeth értamabandrexpiniad sadhos depeAdGR), oh theepataiact 114. 100481
System 100 uses a proprietary hub interface bus 122 to couple the MCH 116

to the idpRneantionkh@heddubRESGED fikID6 cm@aofequkfé.%& HpVdHas ifl VESG]

connections to sone 1/0 devices via a local 1/0 bius. The | oca 15/0 bus is

a high- - i n erjpherals to the nenmgry 120,

ahi pact R b ink e SINEE dodlhe BRBLREFER, fabl tpSer oo ipuricapn
firmvare hub éﬁfil ash BIOS) 128, wireless transceiver 1.26, data storage 124,
| egacy PPEELEENE: | er containing user input and keyboard interfaces, a
serial expansion port such as Universal Serial Bus (USB), and a network
cont r ol @451 34 Expheticietrat HiSpimebelingelopicao paZdmriategeoid fleeing pbiat d di sk
drive, a floppy disk drive, a CD-ROM device, a flash nenory device, or

ot her n@satidne AgLredia¥s Fdthe pldRdbr f12) BRYNLEcPTHP HsHRtudl 2 Zilbeb &M an

execution unit to execute an algorithm th a sign instruction can be used

wth a I odi nent of .a system_on.a chip conprises of
a proce S(é)éfgalﬂrggoI a*%‘%r%f%‘?‘ céﬁgngonr%rc amdx?aca‘)q{gstg%ﬁﬂnssﬁo{ F@E‘é‘?‘ﬁm’f | ash
menory. The.fl ash @g%r can be | ocated on the sane die as the processor

and ot hEFECURpMRLiy] yesipgic tobrndis pagkeq instugtion seblfi% Ihioeks such as a

menory controller or _
embodiment, the packed instruction set 109 includes a packed sign instruction for

modifying the sign value of data. By including the packed instruction set 109 in the
instruction set of a general-purpose processor 102, along with associated circuitry to
execute the instructions, the operations used by many multimedia applications may be
performed using packed data in a general-purpose processor 102. Thus, many multimedia
applications can be accelerated and executed more efficiently by using the full width of a
processor’s data bus for performing operations on packed data. This can eliminate the need
to transfer smaller units of data across the processor’s data bus to perform one or more
operations one data element at a time.

[0046] Alternate embodiments of an execution unit 108 can élso be used in micro
controllers, embedded processors, graphics devices, DSPs, and other types of logic circuits.
System 100 includes a memory 120. Memory 120 can be a dynamic random access
memory (DRAM) device, a static random access memory (SRAM) device, flash memory
device, or other memory device. Memory 120 can store instructions and/or data

represented by data signals that can be executed by the processor 102.
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graphics controller can also be located on a systemon a chip. 100501
Figure 1B illustrates an alternative enbodi nent of a data processing system
140 which inplenents the principles of the present invention. One

enbodi ment of data processing system 140 is an Intel (r) Personal |nternet
Client Architecture (Intel(r) PCA) applications processors with Intel

XScal eTM t echnol ogy (as descri bed on the world-wide web at devel oper.
intel.com. It will be readily appreciated by one of skill in the art that

t he enbodi ments described herein can be used with alternative processing
syst ens [M47houtA sptgaddgic ehip i bénistdoapled opthe@lodebsdr by BIU Arnmerh®8HRD. Conput er
system 140 conprises a processing core 159 capable of performng SIM

oper at i PR syshsh Wiid\ehis 1 56 SNhaNHhsARSO bibEINRLHE o ROk &’E‘Sn&@@é}%ﬁ?“t :

processing " core 159 Trepresents a processing unit of “any type o

architegt , dhncludin t not limted . t 1 SC, a RISC qr a_VLIWtype
archi t e@Y@?@: ]‘E? BEOé:g%SPﬁ b&gﬁ?f‘ém%@‘w 9 ‘269’@ S l!J?fl s lgocqsé?robh’éﬂﬁ?-act ure in
one or nore process technol ogi es and by being represented on a machine

r eadabl EheMeiH 116 peayides aiheght bagdwidth memmyy bath 418 tainkmotyol ZGfor fristrattéosai d
manuf acture. 100521 Processing core 159 conprises an execution unit 142, a

set of amidatd qorape bed for stolabe of gRghis deBARAALs, 444 anPiaeaes| TRE KRIL11H9 al so
i ncludes additional circuitry (not shown) which is not necessary to the

under st anghpect Qgtats%agrb%WB tﬁé&%ggéskmoz%&ld%g{bé H’T‘ijgth%ﬁdf czomLpZ)élF SR grﬂ I 8 r

executing 1 nstructions recelve processing n |

recogni zin typlca rocessor instructions, executiqn unit 142 can

r ecogni é‘% S?Sﬁ“é? ﬁﬁﬁ f‘?‘i)}‘??’qche a}fc‘{@&)&g’ﬁéﬁ befwestoprogessorimg 18, mempryoh26; ard
operations on packed data formats. Packed instruction set 143 includes
i nst r ucypiemsl/@ dR2 s Upjsore smirpdernemts, dhelsystesologicsshial Lecaneowtie o gsaphand  may
al so include other packed instructions. Execution unit 142 is coupled to
r egi st eporf fiok €oupling ey a ghuphics t&itfodler PLE . TIREMICH €16 fsicbepléd b meRGAFEIY S a

storage area
through a memory interface 118. The graphics card 112 is coupled to the MCH 116
through an Accelerated Graphics Port (AGP) interconnect 114.
[0048] System 100 uses a proprietary hub interface bus 122 to couple the MCH 116 to
the I/O controller hub (ICH} 130. The ICH 130 provides direct connections to some I/O
devices via a local I/O bus. The local I/O bus is a high-speed I/O bus for connecting
peripherals to the memory 120, chipset, and processor 102. Some examples are the audio
controller, firmware hub (flash BIOS) 128, wireless transceiver 126, data storage 124,
legacy /O contl:oller containing user input and keyboard interfaces, a serial expansion port
such as Universal Serial Bus (USB), and a network controller 134. The data storage device
124 can comprise a hard disk drive, a floppy disk drive, a CD-ROM device, a flash
memory device, or other mass storage device.
[0649] For another embodiment of a system, an execution unit to execute an algorithm

with a sign instruction can be used with a system on a chip. One embodiment of a system

on a chip comprises of a processor and a memory. The memory for one such system is a
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oi |l processing-core 159 for storing inforniation, including data- As
previously nentioned, It is understood that the storage area used for
storing the packed data is not critical. Execution unit 142 is coupled to
decoder 144. Decoder 144 is used for decoding Instructions received by
processing core 159 into control signals and/or mcrocode entry Points- hi
response to these control signals and/or mcrocode entry points, execution
unit 142 perfornms the appropriate operations. [00531 Processing core 159
is coupled with bus 141 for comunicating with various other system

devi cesflashHnemonyayhedlesluemiont caarbe loeted omtht saint dic af dirc Eresyprand wyheehr onous
dynam ¢ random access nenory (SDRAM control 146, static random access

Menory  sysBRAMms@Rhfs0IAdbfbnali bitfer id@ShloBBIREY ad Qﬁﬁféi‘\c%c@on%ﬁer fersonal

conputer mernory card international association (PCMClA)/conpact flash

(CF) Ca%théﬁeé‘w(r%\%«]ﬂ“%giﬁo e ffé}’ﬁﬁ%‘;?’?l%?%g(l_@) control 150, direct

nmenory access ntroller tive bus master interface

152- In e di ment, data processing system 140 may al so conprise an
1/0 bri 6’85&115%3 rec‘&ﬁ%‘ﬁﬁf%%&%tewatlhe capPEmentoie dnta proeessingsygem1/ 0 bus
153. Such 1/0 devices may include but are not Iimted to, for exanple,

uni ver sk40 wkigh ehplomeots themicipdey dfithagnesdnt @vetidRTnd abbodiminasfsata seri al
bus (USB) 156, Bluetooth w reless UART 157 and 1/0 expansion interface

158. 10054cksinh ey=esth 240 TN InRi® @a;sanﬂrlﬂ&ﬁﬁtn&t%ﬁi%&&é?m&ﬁ@ﬂc@@s for
ocessi n

nobil e, network and/or wreless conmunications and a p core 159
Copebl i MRS M by SRS AR A S S
R A AR MR IS L
transt %I;nngodiments described herein can be used with altemative processing systems without

departure from the scope of the invention.

[0051] Computer system 140 comprises a processing core 159 capable of performing

SIMD operations including a sign and absolute value. For one embodiment, processing

core 159 represents a processing unit of any type of architecture, including but not limited

to a CISC, a RISC or a VLIW type architecture. Processing core 159 may also be suitable

for manufacture in one or more process technologies and by being represented on a

machine readable media in sufficient detail, may be suitable to facilitate said manufacture.

[0052] Processing core 159 comprises an execution unit 142, a set of register file(s)

145, and a decoder 144. Processing core 159 also includes additional circuitry (not shown)

which is not necessary to the understanding of the present invention. Execution unit 142 is

used .for executing instructions received by processing core 159. In addition to recognizing

typical proces.sor instructions, execution unit 142 can recognize instructions in packed

instruction set 143 for performing operations on packed data formats. Packed instruction

set 143 includes instructions for supporting sign and absolute value operations, and may
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(FFT), a discrete cosine transform (DCT), and their respective inverse

~transforns; conpression/deconpression techniques such as col or space
transformati on, video encode notion estimtion or video decode notion

conpensati on; and nodul ati on/ denodul ati on (MODEM functions such as pul se

coded nmodul ation (PCM. [00551 Figure ICillustrates yet alternative

enbodi nents of a data processing system capable of performng SIMB sign or

absol ute val ue operations. In accordance with one alternative enbodi nent,

i nclude a main processor 166, a SIMD

data pr i,n stem 160 may. \ |

copr oc eggsgﬁﬁcjl.%‘%, &ﬁer@ég%@ ‘Hﬁtﬁ‘ﬁﬁ{‘?“& eixecytion wHt 1 Hpiscoerlepiotregitst Gin 16ty The

i nput/out put system 168 nmay optionally be coupled to a wireless interface
169. S| MDInteHpl e Fegister dile 145 wppabitea stbrage nfearoi pigteSiMc B AEATHONS

i ncluding sign or absolute value. Processing core 170 may be suitable for

manuf ac striag infon@iod! indRkithgRia@C e§§pr_ew_%9£l? %ﬁ‘i’lﬁbﬁeﬁi, ﬂqg%@égé?gédﬂ't%?gg? resented

on a nachine readable nedia in sufficient detall, e Sui eto

facilit | ,or_part of data pr.ocessing.system 160
incIudi%BE%%E§32§?ﬁ59§%$%§f%%#gkﬁbggigﬁ5$CB“%’e GHPH%HF¥lﬁfﬁmﬁﬁbbﬁocessor
161 coggﬁise$ ﬁg execution unit 162 and a set of register file(s) 164. One
enbodi cepger f‘nﬁﬁF d4dis used fos deppding instudtions terived by pmcessongmire e
instructions of instruction set 163 including SIMD sign absolute val ue

i nst r uci¥bitp doptrobsiguals amtotpicsovede titonpainist I Aporseto Mkicionabi é{%mls
enbodi nents, SIMD coprocessor 161 al so conprises at |east part of decoder

165B t mndﬂﬁﬁﬂdﬁ)cbd'@éﬂtﬂpﬁdiﬂ@ﬁex@éudoﬂ%zt%tzipg 8&\/\;‘?}% th\%\gﬁ%rﬁgﬁﬁg S?Sriaﬁ core 170

al so includes additional circuitry (not's I's™n necessary to
e TSR O TR T s SO
other system devices, which may include but are not limited to, for example, synchronous
dynamic random access memory (SDRAM) control 146, static randomn access memory
(SRAM) control 147, burst flash memory interface 148, personal computer memory card
international association (PCMCIA)/compact flash (CF) card control 149, liquid crystal
display (LCD) control 150, direct memory access (DMA) controller 151, and alternative
bus master interface 152. In one embodiment, data processing system 140 may also
comprise an I/O bridge 154 for communicating with various I/O devices via an I/O bus
133. Such /O devices may include but are not limited to, for example, universal
asynchronous receiver/transmitter (UART) 155, universal serial bus (USB) 156, Bluetooth
wireless UART 157 and 1/O expansion interface 158.
[0054] One embodiment of data processing system 140 provides for mobile, network
and/or wireless communications and a processing core 159 capable of performing SIMD
operations including a sign or absolute value operation. Processing core 159 may be

programmed with various audio, video, imaging and communications algorithms including

discrete transformations such as a Walsh-Hadamard transform, a fast Fourier transform

17



instructions that control data processing operations of a general type
including interactions with the cache nenory 167, and the input/output
system 168. Enbedded within the stream of data processing instructions are
SI NI D coprocessor instructions, The decoder 165 of nmin processor 166
recogni zes these SIMD coprocessor instructions as being of a type that
shoul d be executed by an attached SI MD coprocessor 161. Accordingly, the
main processor 166 issues these SIMD coprocessor instructions (or control
signal s resenting . SIMD coprocessor instructions) on the coprocessor bus
166 whef rﬁ)aﬁsfrﬁ?f"é’l“é trapgfemy GaCThand theiraespechedin@evOtremformsessor s- | n
this case, the SIMD coprocessor 161 will accept and execute any received
SI VD coperopwsiardéaosiprassioh oethnigaeendids talor igace [[ROES I8 AvilEY e84 ecei ved
via wireless interface 169 for processing by the SIMD coprocessor

| NSt T UChiofif s io VRIBTIL e ALt oAU AR RGECRINEd 10 the

formof a digital signal, which nay be "processe y PBcessor

i nstruck 2qgener,ate digital aydjo s | es representative of the

voi ce c%@uﬁbﬁ%ﬁggﬁ%ﬁ%ﬁ Sﬁ%f}asa}?’fg‘ie%é’mé@?g%?‘%‘} c"(g\’ﬁ)r essed audi o and/or video
may be cejved in the formof a digital bit stream which may be processed
by the @ﬁﬁﬂ copigiedSotlusiraes yat alternativeemimdenentaivfa ditgptozkssimidsens anpl es
and/or notion video franes. For one enbodi nent of processing core 170,

mai n prapelss of patamianSIND SIMrebislfesaReopshifiony, GniaBiR@iRk it de0 @ Single
processing core 170 conprising an execution unit 162, a set of register

[ | e()aiifhivaBibagHiRaOdsh phiesih | 28y LRl UGk ions, of i pstruction
set 163 including Sl ND’sigh and. a%ssjgre&fgmvé&ute&ﬁdﬁgtr?ﬂﬁpf%cﬁﬁs.or ?6%@9] Fi gure
21is a M??qu agram Ef t hg m cro- i%fhi (tlect ure for a processor 200 of one
embodi rren RO 1 0ded cacBg memery L6 ad ap inpufpuipit sysemghsSopRhcat | on t hat
mul tiplies in accordance with the present invention. The sign operation
may al JBPUYOURY Bysicap 168 may optionsly be gouplethtonpeiraleswinteafade PR KSEMBI gn
instruction as in the discussion above- For one
coprocessor 161 is capable of performing SIMD operations including sign or absolute
value. Processing core 170 may be suitable for manufacture in one or more process
technologies and by being represented on a machine readable media in sufficient detail,
may be suitable to facilitate the manufacture of all or part of data processing system 160
inciuding processing core 170.
[0056} For one embodiment, SIMD coprocessor 161 comprises an execution unit 162
and a set of register file(s) 164. One embodiment of main processor 165 comprises a
decoder 165 to recognize instructions of instruction set 163 including SIMD sign and
absolute value instructions for execution by execution unit 162. For alternative
embodiments, SIMD coprocessor 161 also comprises at least part of decoder 165B to
decode instructions of instruction set 163. Processing core 170 also includes additional
circuitry (not shown) which is not necessary to the understanding of the present invention.

[0057) In operation, the main processor 166 executes a stream of data processing

instructions that control data processing operations of a general type including interactions
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| enmbodi nent of the sign instruction the instruction can nultiply a first
data elenent with the sign value of a second data el enent. That
instruction can also be referred to as PSIGN or packed sign. In this
enbodi ment, the sign instruction can also be inplenented to operate on data
el ements having sizes of byte, word, doubleword, quadword, etc. The in-
order front end 201 is the part of the processor 200 that fetches the
macro-instructions to be executed and prepares themto be used later in

t he processor pipeline. The front end 201 of this enbodi nent includes
sever al Wil the cachp aqmnsy 1 6¢tand thepnpitéiughe sy2a6 168t Emesddsdoyithin tsduelgt i ONs
fromnmenory and feeds themto an instruction decoder 228 which in turn

decodes of baapraetsiny inSthictiv@Sare SMVErk dprddeQol RRELMURNS O QE-JHLF1Es QPer ati ons
(also called mcro op or uops) that the machi ne know how £ 6 execute. The

trace Ccapltnddlsd 6% and assenbl es them.into program ordered
sequenceshgpr' trzsi(?:es ?ﬁcogﬁ%%gﬁgseu%@%%5%@2"*%@3%@8?? W“%‘é‘t?ﬁ yRethet ace
a conplex macro- instruction, the m crocode ROM 232

cache 230 ﬁgﬁounteré )
pr ovi de&1PHEDS BisEutnd by an 2tteshed SBYIDrcoprasessop tlat Acordinglp Do maitany
macro-instructions are converted into a single mcro-op, and others need

sever al Pioresser Ififgswues thespSMIR coprecdssdr instartishs @0 contfbl si¥ndlseBhedhiRyt . 1 f
nore than four mcro-ops are needed to conplete a macro-instruction, the

decoder SRS capeE&ES6SnitAR tiofld %Qﬁé)%rm& Bas 165 Werk rﬁ%m”ﬁl%%%éc:jr%?%{r ugtion.

For one enbodi nent, a packed sign ‘instruction can be dec a small
numnmber 1568, 89’3}{ ocessi at the i ruction decoder 228. In
anot her%ﬁggé rent., a[gE?d%é‘ieﬁ?&'i fg'%hlls(?f’seas’ﬁ%c%%‘ﬁss%lléér‘Y‘llﬁﬁ?%’én be
stored wi,thin the mc¢rocode ROM 232 should a nunber of mcro-ops be needed
to accdPPICFEHS H T5erayesd DD caprecasserdastustipes inBddedfoeits to a entry poi nt
programmabl e |l ogic array (PLA) to determne a correct mcro-instruction
poi nt erl0¢F  r Padimay bereceival va ednttess anerere 469 farprédeesifk B9 trsMAs ol Ut e
value algorithns in the mcro
coprocessor instructions. For one example, voice communication may be received in the
form of a digital signal, which may be processed by the SIMD coprocessor instructions to
regenerate digital audio samples representative of the voice communications. For another
example, compressed audio and/or video may be received in the form of a digital bit
stream, which may be processed by the SIMD COprocessor instructions to regenerate digital
audio samples and/or motion video frames. For one embodiment of processing core 170,
main processor 166, and a SIMD coprocessor 161 are integrated into a single processing
core 170 compnising an execution unit 162, a set of register file(s) 164, and a decoder 165
to recognize instructions of instruction set 163 including SIMD sign and absolute value
1nstructions.
[0059] Figure 2 is a block diagram of the micro-architecture for a processor 200 of one
embodiment that includes logic circuits to perform a sign operation that muitiplies in

accordance with the present invention. The sign operation may also be referred to as a

packed sign operation and packed sign instruction as in the discussion above. For one
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CO code ROM 232. After the m crocode ROM 232 Fi ni shes sequenci ng m cro-ops
for the current macro-instruction, the front end 201 of the nmachine
resunes fetching mcro-ops fromthe trace cache 230. [0061 Sone SI M and
other nultinedia types of instructions are considered conpl ex
instructions. Mdst floating point related instructions are al so conpl ex
instructions. As such, when the instruction decoder 228 encounters a
conpl ex macro-instruction, the mcrocode ROM 232 is accessed at the
appropriate location to retrieve the mcrocode sequence for that

macr o- i TTeRQABeRtH thervign insirpeiog, Wic drstruciien sraaudtipfyarfipedatoelrinegt witiat

macr o-i nstruction are conmuni cated to the out-of-order execution engi ne 203
for exibesignonluatoftiseconjpianmldmdne. Thitegerucaadcdn Aatid@rRRind 2eFSriyi on
units. [00621 The out-of-order execution engine 203 is where the

m cro- idﬁ;hél@hﬁts?%g?n%i‘é‘ emBHERANLE thd ﬁ%ﬁﬁéﬁ&%ﬁo@%g% alﬂ?%e Qnt{é o %‘eh%rgqg execution

| ogic has a nu of buffers to re-orde ?1 ow of

m cro-i ucti,gns, to timze performance, as they go, down the pipeline
and getd?’?ca%ce u?%ﬁe“:ﬂmg‘g%ﬁ’lgistﬁ. o e,a’r?récdﬁ‘%kwoaéiq@aﬁwréeﬁ@eghsma machi ne
buffers and resources that each uop needs in order to execute- The register
renani r§der digink ence2inis she pagt of thepiosessos2Mthat fetehes the miatrcainsegitonsto d | e- The
all ocator also allocates an entry for each uop in one of the two uop

queues exemeed o preg@ésthanes B L1adatePRAhOPREREr SIPEHEE MRE ¥rdRP EEPIOO5S: 1N
front of the instruction schedulers: nenory schedul er, fast schedul er 202,

| ow/ : i j d - . d.si fl.oat i i nt

chedul oy CBpal AL ARl rst 1B B nBio R BERYATE LB e RHER-2 uop 1 s
r eady ta extecutgre based ogg{/%e S;[Eadi ness of their dependent input register
oper andSE8HEs drom, figmory, FistBFm;te gn gystrpsfionddeseder 288 whidhviartems t he cops

need tq conplete their operation. The fast scheduler 202 of this
enbodi Agsedechemdntoamisivencadigd mierahifistofctipheonTaicro-gpayatkons (also called

micro op or uops) that the machine know how to execute. The trace cache 230 takes
decoded uops and assembles them into program ordered sequences or traces in the uop
queue 234 for execution. When the trace cache 230 encounters a complex macro-
instruction, the microcode ROM 232 provides the uops needed to complete the operation.
[0060] Many macro-instructions are converted into a single micro-op, and others need
several micro-ops to complete the full operation. In this embodiment, if more than four
micro-ops are needed to complete a macro-instruction, the decoder 228 accesses the
microcode ROM 232 to do the macro-instruction. For one embodiment, a packed sign
instruction can be decoded into a small number of micro ops for processing at the
instruction decoder 228. In another embodiment, an instruction for a packed sign
algorithm can be stored within the microcode ROM 232 should a number of micro-ops be
needed to accomplish the operation. The trace cache 230 refers to a entry point
- programmable logic array (PLA) to determine a correct micro-instruction pointer for

reading the micro-code sequences for the sign or absolute value algorithms in the micro-
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cycle while the other schedul ers can only schedul e once per main processor
clock cycle. The schedulers arbitrate for the-dispatch ports to schedul e
uops for execution_ 100631 Register files 208, 210, sit between the

schedul ers 202, 204, 206, and the execution units 212, 214, 216, 218, 220,
222, 224 in the execution block 211. There is a separate register file
208, 210, for integer and floating point operations, respectively. Each
register file 208, 210, of this enbodi nent al so includes a bypass network
that can bypass or forward just conpleted results that have not yet been
wr i tt encedstROMNB2 epfttthe midrdede ROMR32 dephodentendtipsmiciops fir@ger regi st er
file 208 and the floating point register file 210 are also capabl e of

comuni e@tdnDphaidtidstrbdildn! e FhN\&1d 20T Yr t}%r}ﬁa&mqgédﬁ?é}tfetfcﬁﬁg Srﬁi@%)@ r

register file 208 is split into two separate register ne register

file fo I 2 bits of data and a second register file for the
hi gh or g%ngaaéﬁ%ékﬁgi%gta. The floating point register file 210 of one

embodi nent _has 128 bit w de entries because floating point instructions
t ypi cal 1006Hay e SeperdVg2 and efpeenultimed paypyistos instructiais rd @oBHErcHvemtacut | on
bl ock 211 contains the execution units 212, 214, 216, 218, 220, 222, 224,

wher e tingnictists. idbbtofimtiag oimcielatd hsexdiont ¢ alsbiompiacini@itons! ydes t he
register files 208, 210, that store the integer and floating point data

oper andsu¥¢R iR thd @strh&fonleEs Rt 22884 oﬂﬁ&}s%&nﬁgpmg?m-exéﬁ%ﬁign th pe processor
of a nu

200 of this enbodinent 1s conprise ér of ~executron units:
12, AGU, 214, fast ALU 216, . fast ALU 218,

address er at.| Lt gA , .
sl ow ALTE%B(}C #Pﬁﬂ??ﬂg % ?Sr%ﬁ %EIE? PPEOPTIAIGQERNH 1D BTHEVE B 8rcHerede24. For
this enbodi nent, the floating point execution blocks 222, 224, execute
f1 oat i i§aYsBeHifor thatmacrosingtsuctiond TesFarpismaicicoeps. netiral for perfomgngdiant ALU 222
of this enbodinent includes a 64 hit by 64 bit floating point divider to
execut enatrosindguctaome ecomnmnhicatad tb the @URbLNGEEr EcEitbonOdEine 23 BAbodi ment s of
t he present invention, any act involving a

execution at the appropriate integer and floating point execution units.

[0062] The out-of-order execution engine 203 is where the micro-instructions are

prepared for execution. The out-of-order execution logic has a number of buffers to

smooth out and re-order the flow of micro-instructions to optimize performance as they go

down the pipeline and get scheduled for execution. The allocator logic allocates the

machine buffers and resources that each uop needs in order to execute. The register

renaming logic renames logic registers onto entries in a register file. The allocator also

allocates an entry for each uop in one of the two uop queues, one for memory operations

and one for non-memory operations, in front of the instruction schedulers: memory

scheduler, fast scheduler 202, slow/general floating point scheduler 204, and simple

floating point scheduler 206. The uop schedulers 202, 204, 206, determine when a uop is

ready to execute based on the readiness of their dependent input register operand sources

and the availability of the execution resources the uops need to complete their operation.

The fast scheduler 202 of this embodiment can schedule on each half of the main clock



floati ng point value occurs with the floating point hardware. For exanple,
conversions between integer format and floating point format involve a
floating point register file. Simlarly, a floating point divide operation
happens at a floating point divider. On the other hand, non-floating point
nunbers and integer type are handled with integer hardware resources. The
sinple, very frequent ALU operations go to the high-speed ALU execution
units 216, 218. The fast ALUs 216, 218, of this enbodi nrent can execute fast
operations, with an effective |atency of half a clock cycle. For one

enbodi néENEle Whis the.gshes sehedulpregrsrondyathadule arceget maint processoveldtid Ly2R0 as t he
sl ow ALU 220 includes integer execution hardware for long |atency type of

oper at i dils scledulersasbisratetbt ihpldispatch pbith tosschédvdgudpRFbexediifon, br anch
processing. Menory | oad/ store operations are executed by the AGJU 212, 214.

For thi goeu3ipodi RERter 1BE209) 265t B%%n%ﬂ@schg&gegs éla?ﬂé)gr 5o g%ﬁ? ibed in the

context of performng I nteger operations on ta o ds. In

al ternat -ermbodi Jign 6,..218, 220, can be inplenented to
suppor t eiéé/c\%g?? 8’[‘@9 gl? %ig'{&&gﬁlép\#ﬁlzéé%“l@“’ crogtionddockdld. Tyergisar |y, the
floating point units 222, 224, can be inplenmented to support a range of
oper andSCHIEAIF Fegistar fide 28, ¥ 10, foumtegedaisfloaing poineopitamtisnespectivelg. Eeeat i ng
point units 222, 224, can operate on 128 bits w de packed data operands in

conj unctdggstervilé p08, 31 O/ dfakid efbbainiBat aldo indfilded's biRESnetvdPBMht ¢ HyBhS or
enbodi nent, the uops schedul ers 202, 204, 206, di spatch dependént

Cpecul arualy AR AR AR Rt M AR TP B Mgl Sor 200

al so ingludes.,|ogic.,to handl e ry msses. If a data load msses in the
dat a ca@‘??éf‘&’t“ﬁ&? -glﬁ'r‘?‘ ‘Egﬁiéﬁ%ﬂagﬁg%&ééﬁﬁf‘leoﬂﬁﬂﬂs Roinf registerifile 2h®atsi pel i ne
that have left the scheduler with tenporarily incorrect data. A replay
mechani 488 ¢3pabie o1 spramuaicating-date withike ethet iFonont trabodiseni, ixdnteget data. Only

the 6
register file 208 is split into two separate register files, one register file for the low order 32

bits of data and a second register file for the high order 32 bits of data. The floating point
register file 210 of one embodiment has 128 bit wide entries because floating point
instructions typically have operands from 64 to 128 bits in width.
[0064] The execution block 211 contains the execution units 212, 214, 216, 218, 220,
222, 224, where the instructions are actually executed. This section includes the register

. files 208, 210, that store the integer and floating point data operand values that the micro-
instructions need to execute. The processor 200 of this embodiment is comprised of a
number of execution units: address generation unit (AGU) 212, AGU 214, fast ALU 216,
fast ALU 218, slow ALU 220, floating point ALU 222, floating point move unit 224. For
this embodiment, the floating point execution blocks 222, 224, execute floating point,
MMX, SIMD, and SSE operations. The floating point ALU 222 of this embodiment
includes a 64 bit by 64 bit floating point divider to execute divide, square root, and

remainder micro-ops. For embodiments of the present invention, any act involving a
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dependent operations need to be replayed and the independent ones are

-~ allowed to conplete. The schedul ers and replay nechani sm of one enbodi nent
of a processor are also designed to catch instruction sequences for sign
and absol ute val ue operations- [0066] The term"registers” is used herein
to refer to the on-board processor storage |ocations that are used as part
of macro-instructions to identify operands. In other words, the registers
referred to herein are those that are visible fromthe outside of the

process (froma,programmer's perspective). However, the registers of an
enmbodi nﬁn"ta“s%ﬂ%"ﬂg“t °°%B§ Wﬁtfiﬁhﬁéﬁ)atlﬁg RYighliasdware. Hopewampilcanversipes of
circuit. Rather, a register of an enbodi nent need only be capabl e of

st or i ng P&EFep iBosifprna andifloating poértfommit iryolvee flastiakipahs rebasieriibed her ein.
The registers described herein can be inplenented by circuitry within a

pr oces s Qimilasy, adloatiyg poilibaidelopBhafibR gt AGUAHE Boin? HifuedS OGAL Cat d

physi cal registers, dynam cally allocated physicaf‘registers usihg register
renam ngther RIAA &L -dedi cat ed .dynam cal | y, al ] ocat ed physi cal
registers, etc’ | nhgﬁkgngggr%%gﬁﬁréb%ﬁ a"idﬁi{tgé‘grweeadggf’@%dcgt‘m’éegqfI’?P-'idﬁ‘?fq wo bit
i nt eger dsattla. re is{eer file of one enbodi nent al so contains eight

mul ti medi 3w &f *Pe%?‘g eYLY figausnl Aldoprattions Bo to thedighi-speed dildhexdoetiaw, t he
registers are understood to be data registers designed to hold packed

data, sHei 216, BUS. bThesfasti AleU/RPE! 121 8 f & ghis e@ibSditrin® Canf d-0lite Esht Bgerﬁ‘t%rfsm‘ﬂ
registers in sonme instances) in mcroprocessors enabled w th MW

t echnol wigh afi effbetbietigtbndysRlfat dieuk QfieSadt gndd - | if i.aq..These MW
regi sters, available in both int eg@?eand ?‘?oa‘ﬁs‘ﬁ’é’"% }rl{ltogt’;%n sl?x T elbperat ed

Wi th pagleed; c W nd SSE instructions.
Sinmlarly, lloggggit({ @%@@m@glﬁ%@@ﬁ%ﬁﬁ?ﬁg‘dﬁ‘wc’f‘n‘é’é‘H%l ogy can
al so be used to holfi such packed data operands. In this enbodinent, in
st or i ng PACRE OTISP& A4REY PESd aperatens, suchas  amltipliar sshifds, Sleg losednd o
differenti ate between the two data types. 24

branch processing. Memory load/store operations are executed by the AGUs 212, 214.

For this embodiment, the integer ALUs 216,218, 220, are described in the context of
performing integer operations on 64 bit data operands. In alternative embodiments, the
ALUs 216, 218, 226, can be implemented to support a variety of data bits including 16, 32,
128, 256, etc. Similarly, the floating point units 222, 224, can be implemented to support a
range of operands having bits of various widths. For one embodiment, the floating point
units 222, 224, can operate on 128 bits wide packed data operands in conjunction with
SIMD and multimedia instructions.

[0065] In this embodiment, the uops schedulers 202, 204, 206, dispatch dependent
operations before the parent load has finished executing. As uops are speculatively
scheduled and executed in processor 200, the processor 200 also includes logic to handle
memory misses. Ifa data load misses in the data cache, there can be dependent operations
in flight in the pipeline that have left the scheduler with temporanly incomrect data. A

replay mechanism tracks and re-executes instructions that use incorrect data. Only the



[0067] In the exanples of the follow ng figures, a nunber of data operands
are described. Figure 3Aillustrates various packed data type
representations in nultinedia registers according to one enbodi nent of the
present invention. Fig. 3Aillustrates data types for a packed byte 310, a
packed word 320, and a packed doubl eword (dword) 330 for 128 bits w de
operands. The packed byte format 310 of this exanple is 128 bits |long an
contai ns sixteen packed byte data el ements. A byte is defined here as 8
bits ofddatg. Informatign for each byte data elenent is stored in bit 7

t hr ough YERTIE PBFaPYRSNeEC thbg replayedanst i insleperglentomengrealiowedite 23 t hr ough
bit 16 for byte 2, and finally bit 120 through bit 127 for byte 15. Thus,
al | avafr9mplets. fihe schadulegsand replay hechaniiins bBone elfitiodimémbig Srevetapganent

i ncreases the storage efficiency of the processor. As well, with sixteen

data el B tsigned o6 RGP HistrANRnABRIALLNR: 68 1APUEPENOLIRAQA Sixt cen data

elenments in parallel. [00681 Generally, a data elenent I's an I ndivi dual
menory | ocation with

pi ece o at [.S«si.ored.in single .reqgister or

ot her dg]tog@]tel e@%ﬁ%&g‘féélg{g s S"?é‘ﬁf&fﬁ° rpigr f?g‘bﬁgﬂrbﬁéﬁdd’m%"ééfﬁé%é&c rel ating
to SSE2 technol ogy, the nunber of data_elenents stored in a X AIM register
is 128 @F%t@na?lw d'seryat past ¢fangprerinstruptions to ideanfyi apdrandsiubd otbiert word,ement .
Simlarly, in packed data sequences relating to MW and SSE technol ogy,

t he nunfberegisters stferrad torhents arethaxeahbtiare wisibl\MYor; €@ diitfle bHthé prd¥iesser di Vi ded
by the length in bits of an individual data elenment. Although the data

types ioipd prghtmhér Sidpedfved! Hokelerbirk kil FEROMbERMA Qlowd g Pr esent
f W or ot her oper ands

invention can al so operate with 64 bi SI ze . The
packed H@’angitef [ Rse-T f ' xanpl e _i. bits.long and, contains eight
packed wor ﬂgat a eﬁ‘é?r%% g'tt QE%{: ﬁpﬁg ﬁléﬁ"m%&éoﬁeél% ° F‘ﬁf’@’é’ﬁgﬁ‘?% of
i nfornat %é)n. };he PP &L(%d doubl ewor.d format 330 of Fi %a 3Ais 128 bits long
and codfaf AUYPsEE % SPTHG A SFRYiding dataqand repforming ti Bmchiorsaaderifndb| evor d
data el ement_contains thirty two bits of information. A packed quadword is
1' 28 bibesn. oRf raaistesodnseritred herain pacheeihpleraehtedibyicictaitay 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. In one embodiment, integer registers store

thirty-two bit integer data. A register file of one embodiment also contains eight

multimedia SIMD registers for packed data. For the discussions below, the registers are

understood to be data registers designed to hold packed data, such as 64 bits wide MMX™

registers (also referred to as ‘mm’ registers in some instances) in microprocessors enabled

with MMX technology from Intel Corporation of Santa Clara, California. These MMX

registers, available in both integer and floating point forms, can operated with packed data

elements that accompany SIMD and SSE instructions. Similarly, 128 bits wide XMM

registers relating to SSE2 technology can also be used to hold such packed data operands.

In this embediment, in storing packed data and integer data, the registers do not need to

differentiate between the two data types.
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el ements. [0069] Figure 3B illustrates alternative in-register data storage
formats. Each packed data can include nore than one independent data

el enent- Three packed data formats are illustrated; packed half 341,
packed single 342, and packed doubl e 343. One enbodi nrent of packed half
341, packed single 342, and packed double 343 contain fixed-point data

el emrents. For an alternative enbodi nent one or nore of packed half 341,
packed single 342, and packed double 343 may contain floating-point data
el enments. One alternative enbodiment of packed half 341 is one hundred
twent y- HORl  bilndhe eagplesef shenfoHgwmigdtaurdssa ninnberddtiataaipermds sre One

enbodi nent of packed single 342 is one hundred twenty-eight bits |ong and

cont ai ndestabied. Figinie 3 A1 AR BIS RIS padied dABROSH ABRteRlRREKRALHALRL € 343 is
one hundred twenty-eight bits Iong and con?g?ﬁg t%@ %4-%¥t at%ﬁelenents.

It wll ol t ked data f.ormats be further

ext endef:lég'?s ée‘%‘t%%éf&‘?%‘t& st éapﬁﬂtogﬁrget%lgg?%% Sreuayaten Fig- Qgﬁﬁf’ftga,tcsl L hits,
192-bit 2%4- bits, 256- Bi ts or nore. (;00701 Fi gure 3Cillustrates various
si gned FAE ﬁ%P@‘ﬁ‘éG biyte8q2 papked WepE32G, apd apackied dpuiewird (dwiord)rd38ifor

regi sters according to one enbodi nent of the present invention. Unsigned
packed B3&Nitsrvede eparandst iThe padedibyteufotmatt 39 of kils 6xmiple & 18 AR msi@ned
packed byte in a SIMD register. Information for each byte data elenent is

stored dontdstsixte@vrkéd b8 Alta Richnca Q! A bRE iL¥ded Rlias BitisTrkihgen through
bit eight for byte one,'%it twenty- thr%elthroﬁg l%ff%§§§f%gaﬁfor byte two,

and fi i y thr h bt one. ndre went y- seven
For byrarrip el GO WAL bRt slolkERE Hirko @it § IPoKE O 081 8t or - Thi s
storage, arr t can.increase the storage efficiency of the processor.
ns. ol [1rough bR 8IoEh g § it oS thepghutit L6 e Bs deand Brallycdiel 20 homebdnt 189w ho
perfornied on sixteen data elenments in a parallel fashion- Signed packed
byt e r dpF8eh-alhusnalbamilable bitstareused in the register. This storage arrangement

increases the storage efficiency of the processor. As well, with sixteen data elements
accessed, one operation can now be performed on sixteen data elements in parailel.

[0068] Generally, a data element is an individual piece of data that is stored in a single
register or memory location with other data elements of the same length. In packed data
sequences relating to SSE2 technology, the number of data elements stored in a XMM
register is 128 bits divided by the length in bits of an individual data element. Similarly, in
packed data sequences relating to MM X and SSE technology, the number of data elements
stored in an MMX register is 64 bits divided by the length in bits of an individual data
element. Although the data types illustrated in Fig. 3A are 128 bit long, embodiments of
the present invention can also operate with 64 bit wide or other sized operands. The
packed word format 320 of this example is 128 bits long and contains eight packed word
data elements. Each packed word contains sixteen bits of information. The packed
doubleword format 330 of Fig. 3A is 128 bits long and contains four packed doubleword

data elements. Each packed doubleword data element contains thirty two bits of
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storage of a signed packed byte. Note that the eighth bit of every byte,
data elenent is the sign indicator. Unsigned packed word representation
346 Il lustrates how word seven through word zero are stored in a SfMD

regi ster. Signed packed word representation 347 is simlar to the unsigned
packed word in-register representation 346. Note that the sixteenth bit of
each word data elenent is the sign indicator. Unsigned packed doubl eword
representati on 348 shows hOM/doubIemord data el enents are stored. Signed
packed  doubl eword representation 349 'is simlar to unsigned packed

doubl ewdHIMa4op e di RAcked qyagiond isrl2gits torgad chiotains tlatpatked qued-essddata si gn
bit is the thirty-second bit of each doublewrd data elenent. (00711

Fi gure 8lPmestsa depiction of one enbodi ment of an operation encodi ng
(opcode) format 360, having thirty-two or nore bits, and register/nennry

operand es C fo

descri be@g?]r’] tﬁgé‘ﬂre 9 trﬁi&g{ 51%%9%?@9 ?e Lﬁ%é@o?}ts\t}\%g%e %é’i?gq% ﬁg?%g uaI
Voluma(ﬁ. InsIr tlon et Reference,” which is which is available from

| nt el ‘i“ﬁB‘f‘h‘f‘F & meLnt ef’%imélep‘?ﬁéle%trﬁaé%@ewti dhyeqrackastratafosmats are

intel. conide5|gn/I|tcentr The type of sign operation that nultiplies, my
be encodlelaraégd peekeddral i epasked siegld 3423 GindgradkedaGDubldB460 Gnsentpdingend

| ocations per instruction may be identified, including up to two source

oper andof packdd Hal €341, Biked BigRGa2, K pARR& dm?’%ﬂ{anﬁ)ﬁxédggmﬁi &ita

i nstruction, desti nati on oper and |dent|f|er 366 is th source

oner Nt ool AL 5 SFRRULTRR ol SSLicitl o0, oPeropd

identifler as source o for
enbodi ts n eration that nmultiplies, one of the source

oper andr%g ?’H&?PF?‘? ‘E‘H‘g"é'i/g‘g}o’ﬁ‘%%o‘ﬁﬁérﬂé’ﬁﬂng‘ﬁ@ﬁ {4tz elemenEs Onsaltemative;
overwitten by the results of the sign operations. For one 27.~ enbodi nent
of the ambpdiment of paaked half 34k iscond huddreditivemty®ight bitalong 366tainiyg dghtused t o

bit data elements. One embodiment of packed single 342 is one hundred twenty-eight bits
long and contains four 32-bit data elements. One embodiment of packed double 343 is one
hundred twenty-eight bits long and contains two 64-bit data elements. It will be
appreciated that such packed data formats may be further extended to other register lengths,
for example, to 96-bits, 160-bits, 192-bits, 224-bits, 256-bits or more.

[0070] Figure 3C illustrates various signed and unsigned packed data type
representations in multimedia registers according to one embodiment of the present
invention. Unsigned packed byte representation 344 illustrates the storage of an unsigned
packed byte in a SIMD register. Information for each byte data element is stored in bit
seven through bit zero for byte zero, bit fifieen through bit eight for byte one, bit twenty-
three through bit sixteen for byte two, and finally bit one hundred twenty through bit one
hundred twenty-seven for byte fifteen. Thus, all available bits are used in the register.

This storage arrangement can increase the storage efficiency of the processor. As well,

with sixteen data elements accessed, one operation can now be performed on sixteen data
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identify 64-bit source and destination operands. (0072] Figure 3Eis a
depiction of another alternative operation encoding (opcode) format 370,
having forty or nore bits. Opcode format 370 corresponds with opcode format
360 and conprises an optional prefix byte 378. The type of sign operation
that multiplies, may be encoded by one or nore of fields 378, 371, and
372. Up to two operand |ocations per instruction may be identified by
source operand identifiers 374 and 375 and by prefix byte 378_ For one
enbodi ne prefix byte 378 nmay be used to

nL o{.the Si E instruction, _ ; )
i dent i fy T58RA PR Eshinm Siemed Preked hyts praresstiationr345 dhestratabthdi ment of t he
sign instruction, destination operand identifier 376 is the same as source
oper and stogagstof pisigne@packed byte. MNotadhtetha aighiebieshodh B dattlefhienpiidgn oper and
identifier 376 is the same as source operand identifier 375. Therefore, or

embodi neighsndiéatb Ui Rd PRALANIRD fepk Behialill SPhNsurfBEAR] WoliEsRRYT C°

operands identified by source oper I ers 47an

over wri resul ts, .of sign operations. Opcode formats 360 and
370 all 1(i)r\zfrv8 te%?rél[} g?o a?fg Stored ina Lt §F- 3@; QP@@@I“{"T? Epreesiatioy 34nor y,
register by register, register b i mredi ate, register to nenory addressing

speci f i BFipiaria the wisignesbpagked sordaregister Bsesentaton 4@ pNoterihit the
scal e-i ndex- base and di spl acenment bytes. 100731 Turning next to Figure 3F,

i n sonesistetrth bittof eachewbrddianesiement GthlistenshdAiBher. URSEIdGabind dBblewdle dat a
(SIMD) arithnetic operations nmay be perforned through a coprocessor data

pr oces siepséritiidh I48Shbwe hi \ ' cede) . fopmat 380
depi ctsegné such CDP Jisng??‘gcﬁw%ﬁg#a%el%ﬁg%}(%é%g@i gﬁgaédgﬁ%ggnd 389. The

type of goubiok st ructi on or alternative enbodi pents of  sign or absolute
val ue o%oélr at iolcr)&]ngﬁprer’?’gri}atb%m NS SHRUE 19 usigned pagksdeloyblepiogd tsregister 384, 387,

and 388. Up to three operand |ocations 28
representation 348. Note that the necessary sign bit is the thirty-second bit of each

doubleword data element.

[0071] Figure 3D is a depiction of one embodiment of an operation encoding {opcode)
format 360, having thirty-two or more bits, and register/memory operand addressing modes
corresponding with a type of opcode format described in the "LA-32 Intel Architecture
Software Developer’s Manual Volume 2: Instruction Set Reference,” which is which is
available from Intel Corporation, Santa Clara, CA on the world-wide-web {(www) at
intel.com/design/litcentr. The type of sign operation that multiplies, may be encoded by
one or more of fields 361 and 362. Up to two operand locations per instruction may be
identified, including up to two source operand identifiers 364 and 365. For one
embodiment of the sign instruction, destination operand identifier 366 is the same as
source operand identifier 364. For an alternative embodiment, destination operand
identifter 366 is the same as source operand identifier 365. Therefore, for embodiments of
a sign operation that multiplies, one of the source operands identified by source operand

identifiers 364 and 365 is overwritten by the results of the sign operations. For one
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per instruction may be identified, including up to two source operand
identifiers 385 and 390 and one destination operand identifier 386. One
enbodi nent of the coprocessor can operate on 8, 16, 32, and 64 bit val ues.
For one enbodi nent, the sign or absolute value operation is perfornmed on
integer data elenents. In sone enbodi nents, a sign or absolute value
instruction may be executed conditionally, using condition field 381. For
some sign or absolute value instructions source data sizes may be encoded
by field 383. In sonme enbodinents of a sign or absolute val ue instruction,
Zer 0 ( Zymbatkygant ofaéhd Hpn isanetion( eramhidedtifiove I6d) and Y66 Ghdydse adtde done on
SIMD fields. For sone instructions, the type of saturation nmay be encoded

by fi el ged® 640Gk cFand deQindtibS ofertl@ck di agram of one enbodi ment of |ogic
to performa sign operation on packed data operands in accordance with the

resent, L.oyention. odi ment.s f the present-invention.can be, | npl ement ed
!to o fu nc'tolb% Wi Fﬁg'{fzf%’ﬁsa dgf‘/?‘ﬁé%“ 8&"8&5?' éﬁ alivg, APRTatgn FH%’E‘Q‘%GEE?qe ed above.
"For one_inplenentation, sign operations in accordance to the present
i nvent i ©rmair30; hpling Entyad mose bits Ppaesie fermat 374 carsporsdsoyir epcedoformpci fi ¢
data es. For instance, a packed sign bytes (PSIG\B) instruction is provided

to det e366ian€ colprisésgin dptibndl YrEixRk@3 18/ PEife type HRGKEEpevatdh X HsitipRS] G\W
instruction is to cause sign operations on word data types. A packed sign

dout eugss: GESHEIE) ol F4EbE B0l S74.A71PEI DTS Ny ARBEAATRSHRE.
O A LRSS B S s T e B BB 0 °
bel ow are in the context of a packed sign (PSIGN) instruction to process
dat a elbeteIn8s For 007 shbatimem3ithe $igm instroctiamn plefix batesi Hmaypbe eseiden t hat
multiplies of this enbodi nent begins with two pieces of information: a
first dédngify p28-Bivdoiddd Anddedtlfhtion dparafifs At ofldmbbdiment of the sign

instruction, destination operand identifier 376 is the same as source operand identifier 374.

For an alternative embodiment, destination operand identifier 376 is the same as source

operand identifier 375. Therefore, for cmbodiment# of the sign operations that multiply,

one of the source operands identified by source operand identifiers 374 and 375 is

overwritten by the resuits of the sign operations. Opcode formats 360 and 370 allow

register to register, memory to register, register by memory, register by register, register by

immediate, register to memory addressing specified in part by MOD fields 363 and 373

and by optional scale-index-base and displacement bytes.

[0073] Tming next to Figure 3F, in some altemative embodiments, 64 bit single

instruction multiple data (SIMD) arithmetic operations may be performed through a

coprocessor data processing (CDP) instruction. Operation encoding {opcode) format 389

depicts one such CDP instruction having CDP opcode fields 382 and 389. The type of

CDP instruction, for alternative embodiments of sign or absolute value operations, may be

encoded by one or more of fields 383, 384, 387, and 388. Up to three operand locations
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operand DATA B 420. For the follow ng discussions, DATA A, DATA B, and
RESULTANT are generally referred to as operands or data bl ocks, but not
restricted as such, and also include registers, register files, and nenory
| ocations. In one enbodi ment, each sign instruction (PSIG\B, PSIG\W
PSIG\D) is decoded into one mcro-operation. |In an alternative enbodi nent,
each instruction my be decoded into a various nunber of mcro-ops to
performthe sign operation on the data operands. For this exanple, the
operands 410, 420, are 128 bit w de pieces of information stored in a

sour ce Peragfityicieon meyrbe yehtfiédy gnohating up thetwabasbarce bperand idenlifiero 385 endodi ment ,

t he operands 410, 420, are held in 128 bit long SIMD regi sters, such as

128 bi t 39959 oML AREIISH 85FandidéntifRn 886 "ORL i is also
a XMM data register. lFurI% haenr nlnrnef RES@%AW%E%Q‘?@?%%@%%#@aW

regi st ocati.qn one. of the source, operands. Depending on
t he paﬁqeg{ﬁ gﬂ?ﬁ?{r% P%rf%ﬁtégﬁjl“oﬁa?uetshE%ﬁréer%el&d%&f’m’ trhééfé’t"érags%‘éfﬁ vBl¥e ot her

| engt hs such as 32, 64, and 256 bits, and have byte, doubl eword, or
quadworPeENLR s Petormed PR fripges data elamanih In seme gmbodimentsna sigofor ebsodutexanpl e
are word size, the sane concept can be extended tao byte and doubl eword

si zed elaBregnstaictiviherag bt kreaiaddonpitioasitls using coiMitid fieldizge, FOMonicegp st ers are
used in place of the XMMregisters. 100761 The first operand 410 in this

exanpl eriabsoht8Raiug Gfttrktichs$8hrc@Hagis Bt rxgg%@cm%ld&ﬁrgghﬁfd d???i B8omé>: A4 A3,

A2, A, and AO. Each individual data e nt correspon to a data el enent

posi ti i R %}1 Suér'}[j n .. The secand erand 420 is conprjsed, of
anot her%H? e m?) ?Seét{gaah ' ‘gli %sél]ﬁ r?@l'fes'?mtg'f%o%()é,)ee% C)> pRatiga 2?"38(6@; agthd BO
The data seg&gnts here are of equal | ength and each conprise of a single
wor d ( PEEINV) detegiiemean haglgag ep SIMAR felds.charsomednsdrugtions, dhedypaef positi ons
can possess other granularities other than words. If each data el enent was
a byt e s{tgrabipn g)ay bdcnbideddiy die{d3B4i t s), or. a quadword (64 bits), the 128 bit
operands woul d have si xteen byte w de, four doubleword w de, or two

[0074) Figure 4 is a block diagram of one embodiment of logic to perform a sign

operation on packed data operands in accordance with the present invention. Embodiments

of the present invention can be implemented to function with various types of operands

such as those described above. For one implementation, sign operations in accordance to

the present invention are implemented as a set of instructions to operate on specific data

types. For instance, a packed sign bytes (PSIGNB) instruction is provided to determine the

sign for byte data types. A packed sign words (PSIGNW) instruction is to cause sign

operations on word data types. A packed sign doublewords (PSIGND) instruction is to

perform sign operations that multiply on doubleword data types. Although these

instructions have different names, the general sign operation that multiplies performs in a

similar fashion. For simplicity, the following discussions and examples below are in the

context of a packed sign (PSIGN) instruction to process data elements.

[0075]  The PSIGN instruction for a sign operation that multiplies of this embodiment

begins with two pieces of information: a first data operand DATA A 410 and a second data
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guadword wi de data el enments, respectively. Enbodi nents of the present
invention are not restricted to particular |length data operands or data
segnents, and can be sized appropriately for each inplenmentation. [00771
The operands 410, 420, can reside either in a register or a nmenory |ocation
or a register file or a mx. The data operands 410, 420, are sent to the
sign conputation logic 430 of an execution unit in the processor along
with a sign instruction. By the time the sign instruction reaches the
execution unit, the instruction should have been decoded earlier in the

pr ocess GPEBNH R I B 428y ot the falleyming escrssians IPATANAIRATA Bemdf orm of a nicro
operation (uop) or sone other decoded format. For this enbodinent, the two
data oRESAATAMTGre gdbrallgrdeiral®id@geahd Soraiata00sand! Ritndhres@@ted £30. The
sign conputation logic 430 selects the sign value or signumfor each data

el ement sgéh hfaifd fn%fudg 9@%@&9, r%%lgter ﬁ[’ng &fd%%ﬁ%thg%bg‘% giq ohé %#]%B%{ﬁe?' the

val ue of the data elenent i n the correspon ernen bon of

t he sec erand .42 t duct for.that multiplication

into thg‘ﬂzgps(ID dB%F%”f%“E%%%ﬁJﬁWQﬁPOX% geodedintonpnegirgeroperatiorner al
concept of a nultiply operation is discussed here, other nethods and neans
to achi B2 dliggatixgempedimeat] eacheigstitotion say badetadet yntajatvariausmibrhbarlof cat i on
are possible. For exanple, in one enbodinment, nultiplication can be

per f or megkrovioph teeperfolrini the sigabpabtistned theldatadipetaigs. FsFiRd ekBhple, e sane
resul ts can be obtained by logic to process an algorithmto | eave a val ue

UNCNanggrands a0, 2028025 8 HE PRLAD FnSfRic WUPkd fy 3 {ee | O Vice versa.

100781 This processing of the stgn extra I'plication is
repeat ed nt.ire data el e itions in the first operand

410. At ﬁ%ﬁ’%’ HR’P‘}e%’éY 5%1‘(‘33 B’P%f‘%&@{dﬁba “’t‘?i’Pe‘l‘ﬁ irTE‘n"té’ﬁi%g’i’Pﬂﬂﬂ“‘vi‘%e eRAMIdsMB, of the
sign extraction and multiplication, the terns "sign ~-31 operation' or
“sign o8 aeihsld inda8 bitlprg HIMIRsegistens, such@s b28 bis SSEY S Mategistdrer Bort 0
refer enocn?e embodiment, the RESULTANT 440 is also a XMM data register. Furthermore,

RESULTANT 440 may also be the same register or memory location as one of the source

operands. Depending on the particular implementation, the operands and registers can be

other lengths such as 32, 64, and 256 bits, and have byte, doubleword, or quadword sized

data elements. Although the data elements of this example are word size, the same concept

can be extended to byte and doubleword sized elements. Where the data operands are 64

bit wide, MMX registers are used in place of the XMM registers.

{0076] The first operand 410 in this example is comprised of a set of eight data

elements: A7, A6, A5, A4, A3, A2, Al, and AQ. Each individual data element corresponds

to a data element position in the resultant 440. The second operand 420 is comprised of

another set of eight data segments: B7, B6, BS, B4, B3, B2, B1, and BO. The data

segments here are of equal length and each comprise of a single word (16 bits) of data.

However, data elements and data element positions can possess other granularities other

than words. If each data element was a byte (8 bits), doubleword (32 bits), or a quadword
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this data processing. For one enbodi ment, the data elenents for all of the
data positions are processed in parallel. In another enbodi nent, a certain
portion of .the data el enent positions can be processed together at a tine.
Here, the resultant 440 is conprised of eight products: B7 x SIGNAL, B6 x
SI GNA6, B5 x SIGNAS, B4 x SIGNA4, 133 x SIGNA3, B2 x SIGNA2, Bl x SI GNAL,
and BO x SIGNAO. For this enbodi nent, the signumor sign value (SIGNX) for
a data elenent is a +1' for a positive non-zero nunber, a -1' for a
negative non-zero nunber, and a 0" for a zero. In one alternative

enbodi méert biishehe 12hbit opgraidstvemddihavesistesnshytowide, fonpdowtielverd wis, orlwbh types
of zeroes are treated as a zero, wherein the signumor sign value of the

data el quEdword svide ci@@gl_gﬂneﬁisg‘égﬁcﬁvélw BabbdihRatsloftheQREL Rl inQBntRin e 8&IN
operation that nultiplies on data elenents in accordance wth one

enbodi . I hyention. The sign eratiqn .of, this exanple
can OC%%&ﬁ?{%?%ﬁ;{tﬁéﬁgfég hc‘%&?ﬁ%%%ﬁr %‘é?%g%ﬁ?g{)i’ﬁ @nge sized; n t hi s exanpl e,
the sign operatiqn 530.is described with the data elements for a single
dat a el APRIpRNately foreaghyimplempntationyat o ¢l ement, DATA ELEMENT A 510, from a
first data operand and a second data el enent, DATA ELEMENT B 520, froma
second HWFE opdhaegerands Hk0)d20,cge tdsale. cithach adagistecdrenmadohsiocaimardraed of a
val ue having a sign portion and a nuneric value base portion. For exanple,

DATA ELEYENF fift &lOmixs THY BEDPEREEMs 350,420 | ioffloprt GNA and
BASER o Gk y, DATA AN a0, ?%tpgénﬁ?%ﬁ'géfgg;& b ﬁgﬂﬁ'ﬁgé‘r’gﬁézz

conpris . B. 080] Dur.j,ng .t he sign operati.on 530, the

si gn coﬁ%’u@ﬁl i%ﬁg}ll%ggiﬂguﬁﬁﬁgsp r?‘%gso§ﬁg)ﬂg\7vé1hlfgs'grbws'ﬂ‘?gmﬁ ttﬁﬁﬂﬁ’tﬂéﬁ‘a, Sl GNA
for DATA ELEMENT A 510, and nultiplies that sign value wth the nunber in
DATA ELEREISUSE geaches §a gxsoytion Hpib the instrpctign shewld haveteaen depadere

appropriate multiplication operation in response to the value of SIGN,,.
The si gqarlmgprg thgprocessor pipeline. Thus the sign instruction can be in the form of a2 micro

operation {uop) or some other decoded format. For this embodiment, the two data
operands 410, 420, are received at sign computation logic 430. The sign computation logic
430 selects the sign value or signum for each data element of the first operand 410,
multiplies that sign value with the value of the data element in the corresponding data
element position of the second operand 420, and places the product for that multiplication
into the appropriate position in the resultant 440. Although the general concept of a
muitiply operation is discussed here, other methods and means to achieve the same desired
results as a multiply with a multiplication are possible. For example, in one embodiment,
multiplication can be performed with a multiplication unit. In another embodiment, the
same results can be obtained by logic to process an algorilthm to leave a value unchanged,
set 1o zero, or changing a sign from ‘+’ to ‘-’ or vice versa.

[0078]  This processing of the sign extraction and multiplication is repeated for the
entire set of data element positions in the first operand 410. Although the data processing

of this embodiment is comprised of the sign extraction and multiplication, the terms ‘sign
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for a nunber can be negative -' or positive "+ . The value portion of a
nunber can be a zero "0' or a non-zero value. For the sign operation of
one enbodinment, the logic bins the first data element into one of three
categories: positive "+, zero CO, or negative '-'. If tile first data
clement 510 is positive, neaning its sign is positive, then the result 540
for that data position is essentially the second data el enent 520 itself,
as a positive signis treated as a nultiply of the second data el enent 520
by a SI GNA gual fo "+1'. If the first data element 510 is zero, the sign
val ue ofopFWZ' Ri Vs 180 aPeratethehmubipdies’ snay alyodigarsdé derasallythereztorroference
essentially calling for a nultiply of the second data el enent 520 by a
SI GNA edbiidataproessing. Furionh eynbeditisen thedatd tlelméts ®r At he ddta phiGiddst St dat a
el ement 510 is negative, neaning its sign is negative, then the result 540
for thatan SespeiSintplafille]. ; e . tiplication of
t he seconda[&gata el t(g'arrfaﬂnt %gﬁ%@&;@%&gﬁ%a{r&ﬁgﬁ&q@& 9%¢§ga%iﬁﬁ$‘t54o of
t he sign, i | ti.plies.for gi.ven data el enment position
i nvol vi %QEW%E@%%“%%B’%&W BREabErEfeNgsutiani A9 0jis cormprized of eBhir A
ELEMENTs' .. I n %r&tl&er enbodi nent, the logic may be able to multiply the
sign vaPlpguctsdp Ne7 §6NBIGN 460 B o N B4 PIGNiH B3 neRIGN 3/ B2 81 gn val ue
to BASES to formthe final result for that data elenent position. 100811
Fi gure 8KiNg, B1ix I dj agriitnx SIGNRL Foilisls iBodinht, heGidrut b s@%‘pvzilﬁ’é :
performng a sign operation that nmultiplies in accordance with the present
I nvent i BIGNLN€or aGdatLaleheR30a 0f 1t Sp &R ITE ises, a multiblexing
struct u(rﬂéI a-rll-(z logic to evgflpalljatle ﬁ'?llhazp Si gﬂio\g:%gtoe 0 eg’naé e‘%ﬁﬁf‘eﬁtﬁﬁ]the _
first sQuy ) effeciively cal.culate the product of that sign
val ue W%Eégo gg@?ég%b(ﬁéd]igbng&eﬁ %cﬁ%n{" ?r}ﬁc#ﬁef’ﬁﬂv%@ﬁ gRfuvhcge hser and.  The
circuit Og {n Fig. BA is show) for one data el ement position or slice of
the resHFEiggture b‘&@?&*‘e‘gf Bat® a5 3c 10"+ kath Spep f Fy0as@re tneatedl ascurese, ovherein
Furthernore, the | ogic 600 as shown for

the signum or sign value of the data element is a ‘0",

[0079] Figure 5 illustrates the operation of a sign operation that multiplies on data
elements in accordance with one embodiment of the present invention. The sign operation
of this example can occur within the sign computation logic 430 of Fig. 4. In this example,
the sign operation 530 is described with the data elements for a single data element
position. A first data element, DATA ELEMENT A 510, from a first data operand and a
second data element, DATA ELEMENT B 520, from a second data operand are brought
together. Each data element is comprised of a value having a sign portion and a numeric
value base portion. For example, DATA ELEMENT A 510 is interpreted as a number 512
comprised of SIGN, and BASE,. Similarly, DATA ELEMENT B 520 is interpreted as a
number 522 comprised of SIGNg and BASE;z.
[0089] During the sign operation 530, the sign computation logic takes the sign value
of the first operand, SIGN, for DATA ELEMENT A 510, and multiplies that sign value

-

with the number in DATA ELEMENT B 520. In one instance, the logic is to perform the
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this data el enment position can exist in nultiple instantiations on the sane
execution unit. Depending on the particular inplenentation, a nunber of
the circuit elenents are extrapolated out as needed for the desired nunber
of rdata el ements. For exanple, with eight data el enents, enough

mul tipl exers and adders to handle all the bits of the eight data elenents
may be physically present. Simlarly, there can be sixteen instantiations
of the circuitry to handl e two operands havi ng sixteen data el ement each,

I n anot her enbodi ment, sone of the logic |ike the adder 614, for instance,
may shafRRICBRHHA Juiinliceten opksationdh esspatsepo et vatesaf SIGNy e Thasznlpettion

i npl ementation, the circuitry is capable of processing packed data and

dat a f ofornuthunitiet eardipd egali @mENbr PESH v ‘ONSTRAPaIREP REOT 668 BEmbdRYg t he

| ogi ¢ together. 10082] For this enbodinment, a portion of the logic for the
Si gn opgL gl C i -0t h acked operations,ip order to reduce
the deviag SanscientsRy SEE FAb il SRk RaT N e BBl dnt MeBiiie e
receive§ iﬁ%ut dat?.elene épfron1source_opqrgnds‘ap outputs a resultant
data el BFEfiTa £lsmenting preQf thiee qategoriaseRpasitivep b5izeioo R »ion negative (it t dhthepacked
data operand. Although the source elenents, SRC X 602 and SRC Y 604, are

r ef er r efirst data glsmenhyl (is gasitive Inempimgstshségnas positive thendke 00840 Ratthdthese

el enents are part of |arger packed data operands that are acconpany a

packed ddtgpositivii is eSdeh@alty the séddhé daReshdNesio iée'r&eaéég»éstm éé?%ff &8l
(2.1 mul

el ement, SRC X 602, is coupled to a two input exer (rmux) 606.
A SIG\gsig hq%% tio f that 2:1, . For .this
enbodi nent, ﬂl?i*} a SP%%HEB%%Q?%%?%@??@@{ %gl% W“@Lﬁ’, Jél‘ M&%@ es the nux
606 to qut & éhe ' 0 é at coupled as the second input to the nux 606. If
anot her® ?’9‘%@ 89 157559 4hG yan yalug af thg fisetdatsaleraent §193¢ digpgarded asethe e¢re isrux 606
to output SRC X 602. (0083] The second source data el enent, SRC Y 604, of
thi s erfStsatipneallingfor e umiltiplytof thesseotriaiatReldmeat 520 69& SIGN aqpal ©FeR)5 and
non-inverted 604 versions. If a sign operation is

which yields a result 540 of zero. If the first data element 510 is nepative, meaning its sign

is negative, then the result 540 for that data position is going to be the product of the

multiplication of the second data element 520 by a SIGN,, equal to *-1°. The result 540 of

the sign operation that multiplies for a given data element position involving DATA

ELEMENT A 510 and DATA ELEMENT B 520 is ‘SIGN4 x DATA ELEMENTg’. In

another embodiment, the logic may be able to multiply the sign values, SIGN, and SIGNg,

together and apply the resultant sign value to BASEjg to form the final result for that data

element position.

{0081} Figure 6A is a block diagram of one embodiment of a circuit 600 for

performing a sign operation that multiplies in accordance with the present invention. The

circuit 600 of this embodiment comprises a muitiplexing structure and logic to evaluate the

sign value of an element from the first source operand and to effectively calculate the

product of that sign value with a corresponding element from the second source operand.

The circuit 600 in Fig. 6A is shown for one data element position or slice of the resultant
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bei ng performed, SIGN 622 causes the nux 608 to output the inverted input
605. In this exanple, the inverted version 605 of SRC Y 604 can be used to
achieve a subtraction. .-The two nuxes 606, 608, are coupled to an adder
614_ The nux outputs 610, 612, are first and second inputs, respectively,
to adder 614. Adder 614 is to add together its inputs to generate a sum at
its output 616  During a sign operation, the adder receives 0' as its
first input 610 and the inverted SRC Y 605 as its second input 612. The
adder 614 appears to add the inverted SRCY 605 to 0 603. But the

i nver si parked d8RElo¥k 66kimplifylrigsthe dowksivan Fulthsirad, Ithe 10ad 588 aSRewh fiR4 tO
change sign frompositive to negative or from negative to positive. Thus,
t he i nvgsd ;o i i GRS i : :

mat hemat i c(g#? ?Bgﬁ%{tp?,g%to h%g&%ﬁg%%ﬁl TJ !rl%lsn 0} lgg%ﬁsr@ﬁgggaﬁéep%ﬁ%ﬁ% %r%lt' adder 614
can be represented as the sumof 0 - SRC Y 0084] . The data bits of SRC
X 602 aP&Pafl O@éﬁ%})aéﬁc?lgr ‘glpifé?ﬂ“ﬂmepaggeri qféﬁé?‘m@ﬁéﬂe’“%ﬁ ¥R is to detect
if SRC X 602 is equal to a zero value. The zero detector output 626 that

i ndi cat @drapelaigd oyt as ngefed ior hedebined numbkstof date ¢lementso Kot exkraggleavitiont r ol
signal to a three input (3:1) nmux 618 and as an input to a | ogical NOR
gate 62dghtHae cdenetyenaqhi multipfexavand adddioTRntlcial (RebiOsTRE eight @a% al | el
with the addition and does not create any new critical timng paths. The N

sign big bei Blllg;p . -eat er re also
coupl ed l?gé?%rgg?ggﬁ@ésﬁgaﬁ@mgsg&%@gm% as@zfan g%sﬁ%}rg% m%to l‘ggoglgzoith%ux 618.

Thi s ate,628 s to out put. an. actiy igh signal if both of its inputs
are a(l?ﬁ% 4 Ty&\‘z\/.ha?‘ﬁ" bl gper@#é%ﬁl“é‘,g Spicendage %Qﬁ@“&ﬁ&bﬂf‘ agathenyi | | be high if
both the input of sign bits 620 is low, indicating that SRC X 602 is

posi t i abodpaentfomer e lggictliks thepdsler 614 deninstancsswhy shased gmongall thedi cat i ng
that SRC X 602 is a non-zero value. (0084] The group of control signals 634
coupl ediataci¢rhent poditionss 16 38t apticaimplemesmtiog tthe circuitry is capable of

processing packed data and data for multiple data element positions can be processed
through the logic together.

[0082] For this embodiment, a portion of the logic for the sign operation also shared
with other packed operations in order to reduce the device count and redundancy. The
circuit 609 of this embodiment receives input data elements from source operands and
outputs a resultant data element for a particular data element position in a resultant packed
data operand. Although the source elements, SRC X 602 and SRC Y 604, are referred to
as single data elements here, it is understood that these elements are part of larger packed
data operands that are accompany a packed sign instruction. In this embodiment, the first
source data element, SRC X 602, is coupled to a two input (2:1) multiplexer (mux) 606. A
SIGN signal 622 controls the operation of that 2:1 mux. For this embodiment, if a sign
operation is being serviced, SIGN 622 causes the mux 606 to output the ‘0’ that is coupled
as the second input to the mux 606. If another type of operation is being performed, SIGN

622 causes the mux 606 to output SRC X 602.

CA
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the appropriate data value to output as resultant 630. Data val ues of SRC X
602, SRC Y 04, and the sumof 'O-SRC Y 616 are coupled as inputs to the
3:1 niux 618. For this enbodinent, the signals 634 are to cause one of the
inputs to be selected in accordance to. one of three situations. The first
case arises if the first source element SRC X 602 is a zero. In other
words, the second data elenent 604 is to be multiplied by zero. This
condition is indicated with the zero detector output 626. In this

situati ggggfyhe igﬂ({)ut of SRC . X 602, which is a zero value here, is selected
and out gu?t% dd ally FEOR] sveeiatr elementh SRC b @if thimembodiinsny & aupledds t i on
the other control signals 620, 632, are trunped and a zero is outputted

r egar di é88thex 211 Fraxs§0§ s vnerted 605 SIRCnoh-G2rtaned4 Vigsi SRNIER LSy OheSRG X 604.
(0086] The second case arises if the first source el enent SRC X 602 is

poSi t i vbemgpeomisan SHEN 62¥ dhities thEsk @mgi LR tHleSnt 2l G At i fh the NOR
gate out put 632. Essentially, %he secon ohm%gtﬂgﬁré‘r/%’%fi' igpg‘ i’bthlfe

mul ti pl | hal i i i Y 604 itself In this case, the

i nput o? %g,“d%x’vﬂ’%gill e?gsméée\fggct‘%"éﬁgh&?ﬁ‘&@e@ used toachiqvg arsubastionhdhe hi r d
case arises if Ot{g first source element SRC X 602 is negative and a

non- zer OV BIUES 606,008, ags qaunled sp an addandil ¢.aThe mnk ontputses 14, 61 7y ardfifssaiR0 of
SRC X 602, which provide an active high value if SRC X 602 is negative and

an act i $esondigpvts) wepactiv@RAo ¥dBAB14S Addsi 6148 to Add 1h 'tﬁeri&%ﬁumh{‘e i nput of
the sumfor "0 - SRC Y 61.6 is selected and outputted as Tesultant 630.

Essent i gdrleyate 4 fign BEBAGIYE 6169 DBk §I§%‘}E’ ioh Sthi bS89 A% B o T, and the ~0
- SRC Y calculation itg mat herlrlat Fca y pggaﬁ'f}\l}’aﬁh%ﬁ&&t%ecﬁwﬁﬁfq iaﬁFtiS@é%ti on of
the secqps élata 4 by a factor of "-1'. For this enbodi nent,
the res u?t ant s ?g{re'%ﬁﬁ?%ed% ?hé%oﬂsﬂérsec ('8P (6d fre b pdder 614 Appearsdopacked
together..into a resultant data block having the same size as the source
dat a of¥PAHGEYeTs S 3rghlo "0 60 Puidle pwepivalf SREV s0apeudnds are 64 or
128 bit wde, the resultant packed data block is also 64 or 128 hit w de,
r espectemhodiment basically causes SRC Y 604 to change sign from positive to negative or from
negative to positive. Thus, the inverted SRC Y 605 is essentially causing the adder 614 to
mathematically subtract SRC Y 604 from ‘0’ 603. The output 616 of adder 614 can be
represented as the sum of ‘0 —SRC Y.
[0084) The data bits of SRC X 602 are also coupled to a zero detector circuit 624,
which is to detect if SRC X 602 is equal to a zero value. The zero detector output 626 that
indicates if an overall zero value is detected is coupled as a control signal to a three input
(3:1) mux 618 and as an input to a logical NOR gate 628. The zero detection of one
embodiment is performed in parallel with the addition and does not create any new critical
timing paths. The N sign bits 620 of SRC X 602, N being a number of one or greater, are
also coupled to the logical NOR gate 628 and as a control to the 3:1 mux 618. This NOR
gate 628 is to output an active high signal if both of its inputs are active low. In this

example, the NOR gate output 632 will be high if both the input of sign bits 620 is low,

indicating that SRC X 602 is positive, and the input of the zero detectors result is low,
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Furthernore, the source data operands for a sign operation can conme froma
register or a nenory location. For this enbodinent, the resultant packed
data bl ock overwites the data in the SIMD register for one of the source
data operands. 10087] Figure 6B is a block di-agram of another enbodi nent of
a circuit 650 for performng a sign operation in accordance with the
present invention. Wile the circuit arrangenent and connections are
different, the general schene and functionality of this enbodinent is
“simlar to that of the circuit 600 in Fig. 6A. The circuit 650 of this

enbodi meindicatipathatrBRONEE24s AubhizBloxilyeg structure and logic to evaluate the
sign of a first data elenent and to multiply that sign with a second data

el emrent . S Ci j ' : ribed in cont ext a
single c}gggg]el elrrré%gll ogggfg?déﬁ)l(S)%Hgl%%gg%\‘pq%ﬁé tﬁe?%'gtﬂ xaénl[ye oﬂ)é:{:%eg) s(‘)i%)eg{ and, but
t he appaLat us and net hodol ogy can be extended as needed and ?‘Splgéri ed to

vari ous PeARRrPPtealn Halue IsHPY 2s resultand 680 c Dateyvalusp PERR G4 60 Nus,

certain circuit elenents of Fig. 6B can be replicated in order to
ser ve- nthld, duitthe sine wé Ht s SRCFOT 6 kdxaepbupled 4s infnas oythe arldauasts.cBaabise of
i ncludi ng sixteen data el enment positions, the <circuitry of Fig. 6B can be

expandeniRdinkdRAns sighfls §34 48 W cHRE BnebPNE HpuRQS bt sQBGed PRBBIdaddoCi I CUi t
650 of this enbodi nent receives input data as a first data el enent SRC X

602 fro hist .packed nd and a..second data,ele Y 604 froma
second ?g@gg %psétlggtﬁodl-s‘ ggg?{f(sqé@sf ﬁ"gescg@bq é‘a‘%"B’C&f‘cg}F“fnﬁgﬁii%gzés &:1 nux 618
and to zero_detector |ogic 624. The zero detector 624 is to determ ne
‘whet her Z8IRc Ixohgpwpkdsgths second dnte elengm 604 isde hp mudtinlisdttyezem- 1This ux 618 and
an inverted version 613 (-SRC Y) is coupled to an adder 614. The adder 614
i s to addndifien isnvdicitetiwBREheYzebd Betbaot hiepwitéRér Iidihisadktetion, tiptinput 6F SREO3 i n
this case, to obtain a sumat its output 616. By adding an inverted

ver si on 306025Rkich i884erolvaiedfL s defecRAtnAGuRied Y (LiuiAR0GEd. Via ¢8RC Y. or

mat hemati cal |l y
embodiment, this zero condition the other control signals 620, 632, are trumped and a zero

is outputted regardless of the sign value of SRC X 602 and the contents of SRC Y 604.
{0086]  The second case arises if the first source element SRC X 602 is pdsitive and a
non-zero value. This condition is indicated with the NOR gate output 632. Essentially, the
second data element 604 1s to be multiplied by ‘+1°, which will yield SRC Y 604 itself. In
this case, the input of SRC Y 604 is selected and outputted as resultant 630. The third case
arises if the first source element SRC X 602 is negative and a non-zero value. This
situation is indicated with the N sign bits 620 of SRC X 602, which provide an active high
value if SRC X 602 is negative and an active low value if SRC X 602 is positive. In this
case, the input of the sum for ‘0 — SRC Y’ 616 is selected and outputted as resultant 630.
Essentially, the negative sign of SRC X 602 is treated as a ‘~1” and the ‘0 — SRC Y’
calculation is mathematically equivalent to a multiplication of the second data element
SRC Y 604 by a factor of ‘~1°. For this embodiment, the resultants for this and the other

data element positions are packed together into a resultant data block having the same size
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subtracting SRC Y from 0'. The output 616 for the adder 614 is "0 - SBC_Y
and is coupled as an input to the 3; 1 nux 6}.8. The value "0 - SRCY' is
al so equivalent to multiplying SRCY 604 by "- 1'. 100891 The output
signal 626 of .the zero detector circuit 624 is coupled as a control signa
to the 3:1 nmux 618 and also as an input to a two input |ogical NOR gate
628. Simlarly, the Nsign bits 620 of SRC X 602 are coupled to the 3:1
618 as a control and as the other input to the NOR gate 628. The out put
632 of the NOR gate 628 for this enbodinent is active high if the sign
bits 62(sabrisduive deerapeciatie CFarexamplRyif t62Gusdedabltddtat Ak els bR oFhegNOR
gate output 632 is also coupled to the 3:1 inux 618 ?ﬁ atﬁontrﬁLX ?hgﬂﬁg.
i S sethioki j 1S - e rge I

S0z 004, e ek %ﬂ?“%g@%ﬁf’é@é8&5?2‘%?9%%?@38%8&535?55%. ch of the

iti X1 S The three situations, as, described above for Fig. 6A
3329' E '1%%"3?%33‘3 yosIee ‘I}éar%’,ef%"éﬁ %ﬂél&? PFHU08 cap GAE fipEn aFrgister 96A- zer 0
val ue; and (3%¥§RC X 602 is negative and a non-zero value. For the first
case, SREEMOGEEAQH| ke this embbdineeng dharesiiantpicked data blatk overwritethe daase, SRC
Y 604, which is equal to "SRCY x +, is selected. For the third case, "0 -

SRC Y' (ithe SIMIriegister @6rlume off the sHifce Yath opbranis sel ected. The resultant for
each data el enment position is .packed together with others into a

resulta ta il . F ' trates i he o ion of a
packed gﬁggpi nsl?reﬁf:ti on agggcgp%flér aLHIl f?gg%g{r%?%oe_!%ﬁgtrﬂff Cfrﬁm?gé‘gf‘}cﬁatnﬁg with
one enbQdi H%Rt of. the present inventi.gn is iis an exanple of t
i nstr uc?‘lqjgn P CRIPRATIO R H606F a‘ﬁ?".""‘%ﬂ‘@e PISeRpYRyeR-uMhilsthe graug cause a
sign operation that nmultiplies to operate on word size qatq eleqents in the
first sHmNEEmgnigndsenrsstionreara diffapnirAhsgarietal schemaandsesaimtakiywldsds packed
operand DATA A 701. The _

embodiment is similar to that of the circuit 600 in Fig. 6A. The circuit 650 of this

embodiment also includes a multiplexing structure and logic to evaluate the sign of a first
data element and to multiply that sign with a second data element. This circuit 650 is
shown and described in the context of a single data element position or slice of the
resuitant packed operand, but the apparatus and methodology can be extended as needed
and applied to various length operands based on the particular implementation. Thus,
certain circuit elements of Fig. 6B can be replicated in order to serve-more data elements.
For example, if the operands are capable of including sixteen data element positions, the
circuitry of Fig. 6B can be expanded to support the sixteen data element positions.

[0088]  The circuit 650 of this embodiment receives input data as a first data element
SRC X 602 from a first packed operand and a second data element SRC Y 604 from a
second packed operand. SRC X 602 is coupled to as an input to a 3:1 mux 618 and to zero
detector logic 624. The zero detector 624 is to determine whether SRC X 602 is a zero.
SRC'Y 604 is coupled to the 3:1 mux 618 and an inverted version 613 (-SRCY)1s

coupled to an adder 614. The adder 614 is to add the inverted SRC Y 613 to the other
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description here is also applicable to other packed sign instructions |ike
PSIGNB and PSIGND. In this exanple, the signs fromone source data 701 are
applied to the values of another source data 711 via nmultiplication to
obtain a product that is organized into a destination data storage device
721. The two source operands, DATA A 701 and DATA B 711, are each

conpri sed of eight packed data elenents in this exanple, as does the

resul tant 721. In this enbodi nent, each of the data el ements involved is

ei ght bita or]g gytﬁ .Wi de. Thus, DATA A 701, DATA B 711, and RESULTANT 721
data bl FERE 5P, {603 ybldus 4354, do pljaig a oy atritsromtmus 616.hBy edding an tivetéds can
reside in nmenory and/or registers. 10091] As shown in Fig. 7, DATA A 702

i ncl udesverreofIRGANGME, tictaddertismdding yab wdth ndgtiRaSIC 10 oPfnathenAddly 702,
©240' 703, "-3573" 704, 7033 705, "-2427 706, "-9703" 707, 0" 708,

" 2605"  EQBracthst FA i : a nt.s With base
10 val ues of hg?lf%gﬁo?llp?' Th butb ui#ii%fdgg%‘aﬁg%ﬁﬁ\l%%_?_ﬁ?% 15716,

"-6780' s 18 L5177 119, The hase, 10 nunbers are further noted
bel ow wi éﬁgd %su%'glgp?tﬁf’ %?603 ’itﬁ'?"fxi Q§ grhﬁ\d’é d&ﬁgﬁlﬂé)‘{t Kealsg qayivalgnt ioach dat a
elenent in . the second data operand 701 is extracted an multiplied with the

nunber PSHtRIEE SRG X @Mdyent™i n the corresponding data el ement position in
the first data operand 711. If a nunber is 0" for a data elenent in the

second §HShnd Tixloutput siEnal 626af iR 276 Bétctof Eirdult@28 N ERPRANE RGnkESU! t ant
data el enent position. For one enbodinment, the procesSing of a sign

0P 2t Signdg el oAl 830l o 808 Y £1l13h By KT OR RRRLAROTS 11 L

source data 701, 711, can be performin para *sign val ue
nunber SRR Bs AT UEBHEPRLo S X 0B R copued b 186 appreel pgar and 711
is multiplied by appropriate factor- For this enbodinent, the nmultiplicand
i s ei t hiteothgginput to#ge, QR petn @25 g Thmouthet G32mf theaNOR gate 628efos ddond oper and
data el enent- Al though the
embodiment is active high if the sign bits 620 and the zero detector output 626 are both
active low. The NOR gate output 632 is also coupled to the 3:1 mux 618 as a control
signal. This set of control signals 634 is to select one of the three mux inputs 662, 604,
616, to output as the resultant 630 depending on which of the conditions exists. The three
situations, as described above for Fig. 6A, are: (1) SRC X 602 isa zero; (2) SRC X 602 is
positive and a non-zero value; and {3) SRC X 602 is negative and a non-zero value. For
the first case, SRC X 602, which will be a zero, is sélected. In the second case, SRC Y
604, which is equal to ‘SRC Y x +1”, is selected. For the third case, ‘0—-SRC Y’ 616,
which is eqﬁal to ‘SRCY x —I” is selected. The resultant for each data element position is
.packed together with others into a resultant data operand.
{6090 Figure 7 illustrates the operation of a packed sign instruction on a plurality data
elements in accordance with one embodiment of the present invention. This is an example

of the instruction “PSIGNW DATA B, DATA A”. The PSIGNW instruction is to cause a

sign operation that multiplies to operate on word size data elements in the first source
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sign operation is described here wwth nultiplication, an actual

mul tiplication operation may not be physically necessary to arrive at the
same mat hematical result. For instance, it is wunnecessary to do a
multiplication with "0" to arrive at a product of V. Nor is it physically
necessaryto nultiply a nunber by "+l' as the product will be the nunber
itself. Simlarly, the result of a multiplication of a nunber by "--1' can
al so be achi eved by subtracting the nunber from (0093] For instance, the

| eft nost data el enent 702 of the second operand 701 has a val ue of

' - 42701 Packegkiperand D AT Adhat anl theisdsend sdveceuickédeopetdid DATA Avel. TR a

el enent 712 of the first operand 711 contains a value of "---112010',

Because debeipsiog hereds bigo afplicaBle 16 6G0N5hcRAEH AN thsHatfbnS iU PSE 4S negative,
the value -1 12010' of the correspondi ng1 irs"?t orr)lerland cgt%g%g enent 712

is conc eIN . -1' to yield duct of 'l 12Q10" _ during
t he pacgﬁggpgﬁn?g%%%%%ﬁ%gﬁg Sp%%'&%‘f: ¥?l¥c%f1%? géPP‘i‘ftaBp{‘?‘peméb?)Y%B‘Fsi%ft e data
el enent B sition 7%37 of .the resultant 721. (0094] Simlarly, the right
nost dat™§ ‘gF’eSHEWF datgg/ 1dvia meltpbcsing te 9btaimaprodectihes inorgenizedingg a° 260510'

which is a positive nunber. Meanwhile, the right nost data el ement 719 of

the fir destinpeomndata otage daviae A21.alheetwoasoafce 0pardnds) DABE AatBcarddTPATAGR Vval ue
of the second operand data elenment 709 is positive, the value 517710" of

t he cor 7espedehch ofbfi g%ﬁggn 19,1 onc 1y

mul tiplied by ‘+?? Fo§§%elﬁ aB%%gSE%?eo ' 19%&%%X%ﬁ#$ﬁ%(ﬁgigépacked sign
operati r t i,s stored .in the right nost data el enment position
729 of t %‘t?&EZﬁﬁt%ﬁﬁ %fEPOd@%heaflhg{' t?‘Fﬂ§t3§F°§?F%’i"ﬁ‘élv6‘?‘5tq‘@t§BéBﬁﬂbﬂﬁer and
data ele nhgyo%%ﬁis'gositive here, an actual multiplication would not be
needed & HdupRaTaiA 795 DATABPIL, and RESLHITANG721 datablocks ammaciab?2B dat a

el ement 719. 40 10095] At the second data elenment 708 fromthe right in the
second Wisdleng dFmrtermotepthese data blocks can reside in memory and/or registers. '

[0091] As shown in Fig. 7, DATA A 702 includes data elements with numeric values
in base 10 of: ‘4270’ 702, “240° 703, ‘~3573* 704, *7033" 705, ‘~2427" 706, ‘~9703" 707,
‘0’ 708, ‘2605’ 709. Similarly, DATA B 711 includes source data elements with base 10
values of: *~1120° 712, “6401° 713, *36” 714, ‘0’ 715, ‘691" 716, ‘—-6780" 717, *~855° 718,
‘5177" 719. The base 10 numbers are further noted below with a subscript ;o suffix..
Accordingly, the sign for each data element in the second data operand 701 is extracted and
multiplied with the number for each data element in the corresponding data element
position in the first data operand 711. If a number is ‘0’ for a data element in the second
operand 701, a ‘0’ is also entered in the corresponding resultant data element position. For
one embodiment, the processing of a sign operation that multiplies for one or more d'ata
element positions in the source data 701, 711, can be perform in parailel.

[00892]  As the sign value for each of the data elements in the second operand 701 are
evaluated, the number in the corresponding data element position in the first operand 711 is

multiplied by appropriate factor. For this embodiment, the multiplicand is either *-1°, ‘0,
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value is "0 Meanwhil e, the second data elenment 718 fromthe right in the
first operand 711 contains a value of "-85510'. Because the nunmber of the
second operand data elenent 708 is zero, the value "-855w of the
correspondi ng data elenent 718 is basically being multiplies by "0" to
yield a product of 0" during the packed sign operation. Thus, a 0" is
stored into the second data el enent position 728 fromthe right in the
resultant 721. Because the second operand data el enent 708 has a zero
value, a nmultiplication is unnecessary to realize the product will be 0.
Si mi | ar by/'+13 depernlingdiuthe isignavaBre odiic wepeidopdrand dha chineienAlthsughahé ned in
this enbodinment to cause a "0' in the resultant position regardless of any
si gn vakidg obdrador® i : ; : . Fi gure
8Ais a FII@ ogv chart)ﬂggc)gb?(? F%Ighlglpﬁ %lgﬁg%g%?g?%gg@ﬂgﬁcgﬁ rreﬁﬁl(‘)aél%? g'%g%erfor m
a sign gperation..The |ength val of L ig used her o represent the wdth
of the R@%&Péﬁsd%a]gﬁﬁc%fgﬂg%mgﬁé‘g BEPBRH A “’(E‘H‘:ﬁlﬁ%suﬁa&:ﬁﬁﬁaa?c’étrfﬁodi ment, L
can be used to designate the width in terms of nunber of bits, bytes,
wor ds, winecessiryite de pynuliiplicatien withi §’so agivsdit a prafiust ofiiat Nothie itrphysieallyof  dat a
el ements or segnents packed within an operand. At block 810, a first
| engt h tecessary to parldplyl aBubder by V' ad Srpasduct will RCBE HeMber itssHC Sdlilh@noth L
data operand A also having Melenents is received at block 820. For this
enbodi [ ; Phss o and have
t he saggaejlr]r%g? of a{%gmgglﬂc;rrent sé.fil% t ﬁ%&é@%sﬁéﬁ%&ﬁggﬁygﬂéﬁt@g%ﬁ% perform
a sign :9::91:?5'681“01; hat nmultiplies is processed. 100971 The details of the
si gn operatl on at ‘bl ock 830 of this enbodiment are further described in
terms of what gccurs for each data el ement position. For one enbodi nent,
the sit§FPHper ke insamcsy thg)left prost data ¢lemprrtd0R of thetsapanddwerand [78kdbas 2 posi t i ons
are processed in

value of ‘—4270y¢’, which is a negative number. Meanwhile, the left most data element

712 of the first operand 711 contains a value of *~1120,,’. Because the sign value of the

- second operand data element 702 is negative, the value ‘~1120,9’ of the corresponding first
operand data element 712 is conceptually multiplied by ‘~1° to yield a product of *1120,¢’
during the packed sign operation. The product is stored into the appropriate data element
position 722 of the resultant 721.
[0094] Similarly, the right most data element 709 of the second opcrand 701 has a
value of “2605,9°, which is a positive number. Meanwhile, the right most data element 719
of the first operand 711 contains 2 value of “5177;¢’. Because the sign value of the second
operand datﬁ element 709 is positive, the value ‘5177,5° of the corresponding first operand
data element 719 is conceptually multiplied by ‘+1° to yield a product of *51774” during
the packed sign operation. The product is stored into the right most data element position
729 of the resultant 721. Given that the sign value of the second operand data element 709
is positive here, an actual muitiplication would not be needed as the product 729 is simply

the value of the first operand data element 719.
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parallel. In another enbodi nent, a certain portion of the data el ements may
be processed at a tinme. At block 831, a check is made to determ ne whet her
the value for the elenent fromdata operand A is negative (less than
zero). If the value is determned to be negative, the resultant value for
this particular data el enent position is calculated at block 832 as the
product of the value for the elenent fromdata operand B nmultiplied by

. "---1". If the value for the elenent fromoperand A is not negative at

bl ock 8 determination is made at bl ock 833 as to whether the val ue
f or the?"éf”’eﬂent Pl?rﬁeﬁ?%ir%ﬁ’daﬂ“le%t 798 fzam ths nyght i the peconé operandi @01, the

_determned to be zero, the resultant value for this data el ement position
is set t¥@luegs Oigi Meapeibilg3he s@ond ditatelrenenal Lefrb@rthé Hshtan &icdid: dpepdAMeNt i s
not found equal to zero at block 833, yet another determ nation is nmade at

bl ock 83 1@8ntatns eh@IMEST 18560\ BikGulthe hilnber AEL A0 o Rl SN, %@mg,géi tive

(greater than zero). If the value for this operan sitive,
the res tothis particul ar,.data el ement _position is cal cul ated
at bl oc?bhg%%erg’gh%l aelilé;r gg @ (o1 dPe YEespIdine ‘%"6‘? clementi8ns hasically bemee| ement
nultipliqggéy t'.,Jf the value of the operand A elenment is not positive
at bl ock? by ‘VHpyield s pmdvsherf ‘O duringthe packed signeptmtioms Thuxjeforied at

bl ock 837 as none of the three situations (positive, "0, negative) apply.
These r stomdiaterthe sdcond ditorelentens positidit PI8Mém did gl e MR I@AEAT  anged 1 nto
the appropriate data el enment positions corresponding to the source el enent
pai rs | Betdige RSHdndWpefing W8 AR RH0d ' ibficdiohligw chart 850
illustrating anot her rl]‘ie)rrbodi ment of a ngﬁ%%r{(%g“%%ﬁ@}%ﬁ%ﬁ’?f’dﬁ operati on.
The f1 oyp.Rk t ock.810,and. 820 for this _enbodi nent are
simlar to ‘t’ﬁ%te" tgféap?ggi‘.h%é’/&&i“l"gwf‘ﬁﬁ% ‘jgxg%'ﬁ*’é!%?ﬁ@°ﬁ@l%dﬂalswdmpmsdock 830
in perf&)rn‘i a Si operation that multiplies is somewhat different. The
det ai | s9H¢ cERgnt '§fjgﬁ“e(9ﬂ8rﬂaf FRRogiment tngaugso O i the mésultentipoditicant are al so
further described in terns of what occurs for each data el enment position.
At bl ocleszdisss of anyisigniahietthatrmaysexistder the sécondbpéraed data element.

1

{0096] Figure 8A is a flow chart 800 illustrating one embodiment of a mcthodlto
perform a sign operation. The length value of L is used here to represent the width of the
operands and data blocks. Depending on the particular embodiment, L can be used to
designate the width in terms of number of bits, bytes, words, etc. Similarly, the term M is
used to designate the number of data elements or segments packed within an operand. At
block 819, a first length L data operand B having M elements is received. A second length
L data operand A also having M elements is received at block 820. For this embodiment,
the source operands and resultant are of equal length and have the same number of data
clements. At block 830, an instruction to perform a sign operation that multiplies is
processed.

[6097) The details of the sign operation at block 830 of this embodiment are further
described in terms of what occurs for each data element position. For one embodiment, the

sign operation for all of the packed resultant data element positions are processed in
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the value in the elenent of data operand Ais equal to zero. If the
determnation is true and the value is zero, a 0" is entered as the
resultant value for this data el enent position at block 841. But if the
determ nation is that the operand A data elenent for this position is a
non-zero value, the resultant value for this data el enent position is

cal cul ated at block 842 as the product of the value for the operand B data
elenment nultiplied by the sign of the operand A data elenment. As in Fig.
8A, the re UII ant value for each of the data elenent positions are

arr angeHariaﬁ‘? o 17 Arethgs srbedimang afesaim notiarnef thedath tlementsandydt mateasdd ock.
100991 Figure 9 is a block diagram of one enbodinent of logic to perform an
absol ut at a timk.udt blvek 831,archeck & npale ke detehbiae Ghethantle vEIRE fSH18e BRRRAI Ment ,
absol ute val ue operations in accordance to the present invention are

P! SO AR e RS, P R RSS2 01

sized data types. For sinplicity, thi ructioni

i n genegal r i t . packe erand havi.ng eight data el enents. These
it o° or e Bl allsoh oGR8 iy Buinehyt caictlaicdan bingk 492 omitien
particular inplenentation. In this exanple, the packed absol ute operation

i s i nvoreduekof theyajyeder e elemsatipinidata ¢paBRd FR@ultiplicd bpér Ei i#f BRGakuepoi nts to
a SIMD register or a nenory location. |In this case, SRCL is both the data

sour ce fantherebsndrt fidasdperaid 2 is nof @Eg0ie aCHBSISIE Bldetebhifatibf &lhatid on f or mat
requires two operands and the line would read "PABS SRC |, SRC2". In that

this cagseck g3 ' ' | ut,e. val in d el enent s
of | SRCD s U RRClel: vl 2, e Rl o BBeA G5 il e e & packed
absol ut t .PABSB) instruction i ovi.ded to generate absol ute val ues
of byt e""?il ai%é%g%? ‘E?‘F‘ﬁ&azc?k"ef‘ﬁe f&ﬂé%ﬁ‘iﬂh‘(i“% this dasaplspent pasitiancisisefrio| '@

provi ded to generate absolute values of word data types; and a packed
absol utdbigsk gﬁ‘éV\BP’(ﬁ thepahsdpr the operand Aotlement ps uotifowdl ¢qualierrerastdladisol ut e

val ues of doubl eword data types. [001001 The PABS instruction for an
absol ut883 vt emothgelermintion istthade 2 BheHi8EB A% to whether the value for this

operand A element is positive (greater than zero). If the value for this operand A element
is positive, the resultant value for this particular data element position is calculated at block
836 as the product of the value for the operand B data element multiplied by ‘+1°. If the
value of the operand A element is not positive at block 835 for this embodiment, the value
is treated as undefined at block 837 as rione of the three situations (positive, ‘0°, .ncgativc)
apply. These resultant values for these different data elements are arranged into the
appropriate data element positions corresponding to the source element pairs in the
resultant packed operand.

[0098]  Figure 8B is a flow chart 850 illustrating another embediment of a method to
perform a sign operation. The flow of the method at block 810 and 820 for this
embodiment are similar to that of Fig. 84. In this example, the methodology for block 830
in performing a sign olperation that multiplies is somewhat different. The details of the

sign operation at block 830 for this embodiment are also further described in terms of what
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begins with a first data operand SOURCE DATA 910 havi ng ei ght data

el ements: A7, A A5, A4, A3, A 2, Al, and AO Each individual data el enent
corresponds to a data elenent position in the resultant 930. The data
operand 910 is sent to absolute value conputation logic 920 along with a
absol ute val ue instruction. The absol ute val ue conputation |logic 920
nodi fies the value in each source data el enent so that the nuneric value in
t he correspondi ng el enent position in the resultant 930 will have the

unsi gne ugt | U of that source data el ement nunber. For exanple,
the I ef ?chrr%é?J)rreéiglh%(?6}3ﬁ?’“@f‘@?ﬁ?monpdas‘ilé’tl‘?cirsmhﬁgﬁﬁmﬂﬂm igmede abtoovikttherval ue
of the nbmb%r of source elenent A7. This processing of the absolute value
i s repedterlion theelemant efdaaperhd datszqeileorab. ok HeeAsinhtod RS CEe
operand 910. For this enbodinment, the resultant |ocation can be the sane as

t he sourthevalepisrzernga HBdatiterad at theaBsultahtS/ala fol i EdRP AL e o‘éﬂfg&l%tt wo

t

operands are specified with the PARS instruction, one opéerand can specify
the sounfRik®Ad BOEire . pfy.the destjnation. 1001011 Conpression
is frequently inpl leneér@e i ntlﬁ’ﬁg%{ga%tth%@%rg’i’ é‘da{ﬂ ﬂggeqt,férntggs RosRionggder al | y
corrpres%gd_ irgvb ocks of %ilxe s. H ghly conpressed video can exhibit

bl ocki n{ AP ALEs g fesultent value dorthisi datn slemens position drcaldutatedhanblodkB42g

al gorithns, one tty e of imge deterioration that occurs at |ower bit rates
i s cal | 8yths PRdyekofitte edliefor theloricsanddB das eleiencauRpledyy taigneahe al  way of
dividing up images into rectangular blocks with a fixed grid during image

pr ocessopmandBedatastenidhe. 896 Rig. 94, @.@Q&uﬁm%fdesfo} O Bgﬂl%edaia dpel?xﬂgxtghi ng

assures the continuity of the coded i mage val ues at the bor t ween
0o P e A RS e S A AR
i nes. oiP8%8) b Eiies . dna Fick et o g Frabnibmered legito perDemian sprgmancnt
value operation on a packed data operand. For one embodiment, absolute value operations
1n accordance to the present invention are implemented as a packed absolute (PABS)
instruction to operate on various sized data types. For simplicity, this PABS instruction is
described here in general terms with a packed operand having eight data elements. These
data elements can be bytes, words, doublewords, etc. depending on the particular
implementation. In this example, the packed absolute operation is invoked with a line of
code like “PABS SRC1”, wherein SRCI points to a SIMD register or a memory location.
In this case, SRC1 is both the data source and result destination. For one embodiment, the
instruction format requires two operands and the line would read “PABS SRC1, SRC2”.
In that this case, the PABS instruction causes the absolute value in data elements of SRC2
to be placed into SRC1. Furthermore, in one embodiment, a packed absolute bytes
(PABSB) instruction is provided to generate absolute values of byte data types; a packed

absolute words (PABSW) instruction is provided to generate absolute values of word data

types; and a packed absolute doublewords (PABSD) instruction is provided to generate
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artificial edges and bl ocking artifacts in the coded i nmage. In inage
sequences, a background grid of. non-noving edges viewed agai nst a novi ng
scene can result in a very unnatural and unpl easant type of degradati on.
In order to prevent these blocking effects fromoccurring, a debl ocking
schene can be use filters to smooth out the artificial edges. These
artifacts can be made | ess noticeable with a debl ocking al gorithmthat
snoot hes the boundary between bl ocks. However, the algoritlun should not
snmooth a oég between blocks if there is a true edge al ong the bl ock
boundar §bs hE#lEes of donblewprldasetmeen  adj acent bl ocks is considered a true
edge if the size of the edge step is greater than the step size that could

be crealt8d0dly dileRARSrstOction i ArtdlsBluteb MY otk AR driTS exﬁ%li:ﬁlﬁmuse to fit
surfaces over a block. 1001021 Sone of the debl ocking algorithms for the

vi deo ngg;}ise@ﬁﬁ Q@irﬂ'ﬁya g,@raﬂd §;6%J]}@@ﬁ¢|\ﬁf %{J %vgng aghﬁg%éoig]?écxg : ,Cj{)il’ af io on_

and a absol ute val ue operati ese VI

sign fu o) es n he correction factor. The absol ute

val ue ogé’ré&%% ,ﬁlﬁu éﬁfség ?éi%b ‘i“aﬂ fea slegient crreespands iea dafe clemanbn f act or
an conpare_variations in the video with predeternlned t hreshol ds.

Enbodi nesitiongn tig) memiltant®3G: (ke datesoierdod % hés $25t G\ibaokiteRARR ddmpitgiehi bed
earlier can be used together in deblocking algorithms for H 263 and MPEGA.

The si glogingapaledigivith 4 4b501WNEFa10Y Rkiditiond Thi Qﬁso?&tg Oal\é@l:&ﬁ o Reflat a and
providing an indication of what is the S|gn val ue. Pnstancg a signurn

oper at | @ Rb; esdlﬂE @alﬁjs e, sx\ﬁxjci: dﬂg egu:ngﬁc t?‘f‘ﬁ‘ t'hF Hgmalag gﬁ@r el r’rent I's zero,

if the data el enment 1s negatr Ve, is
p05|t|ve For .one enbodlnent %he PSIGN instruction in accordance to the
pr esent FSRRORLING 5 lemgnt pesiienip theresuitant 93Qiwili haveshe nusigriedmbsaluteaaluey
1001031 One approach to nonlinear filter debl ocking enploys a three step
nonl i ne&4 that source data element number. For example, the left most resultant element position

has the unsigned absolute value of the number of source element A7. This processing of
the absolute value is repeated for the entire set of data element positions in the source
operand 910. For this embodiment, the resultant location can be the same as the source
operand location. In an alternative embodiment where two operands are specified with the
PABS instruction, one operand can specify the source and the other can specify the
destination.

[08101)  Compression is frequently implemented in image processing. Video frames are
generally compressed in blocks of pixels. Highly compressed video can exhibit
blocking artifacts due to the quantization operation. In many coding algorithms, one
type of image deterioration that occurs at lower bit rates is called a blocking effect. This
effect is caused by the unnatural way of dividing up images into rectangular blocks with a
fixed grid during image processing. Because the coding of each block is independent,
nothing assures the continuity of the coded image values at the border between blocks.

Quantization of the DC coefficient of the discrete cosine transform can add or subtract an
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filtering approach. First, characterize the bl ock boundary. Second, use the
results of the first step to conpute factors to correct val ues of pixels
al ong the bl ock border. And third, correct pixel values of pixels along

t he border by adding or subtracting factors conputed in the second step.
The foll ow ng exanpl e describes the H263 debl ocki ng al gorithm of one

i npl ementation. A and B are pixels on one side of a block boundary. A 1012
is an of pixels one pixel distance away from a bl ock boundary. B 1014 is an
array of pixels along the block boundary. C and D are pixels on the other
si de of offset thabhathrcyusing it @Pikcbme baight bAJarkdrang: ddiehl N6dkshaasgatiyg on t he
ot her side of the boundary fromarray B. D 1024 s an array of pixels one
pi xel di : SVANE I 1020 . ray C
023, | o DS BB Rs, Thig 98 SR B B 2 e
bl ock X 1 nd bl ock. Y 10 but preserving a real edge, deblocking is
per f or n%ﬁ'flfpcﬁﬁgggea &pt gg’ﬂ“ﬂé aftég‘ﬁf i“stﬁ"ﬁr‘:%‘?qddg@gfédmdg‘aﬁe sequenicegya and U,

100104) Figure 10 illustrates the operation of a debl ocking al gorithm using
SIMD i hagkereund grd of Rormayingzndees viewhd againsh p eoing scenaeraniresult ifaovelyt ocks of
data 1010, 1020, are shown in Fig. 10_ In this exanple, the blocks contain
data f onnmumahagainpleasandgpe 8f dgadaticac h Sldects prévesOminde t16kind effech) ural ity

of rows and columms of data elenments. For exanple, a block in sone inage

ProcessgBg gefRfs! NaBidckink hah |9 Hy arfifli
illustration i sn ocused 3% the %f%%iee't)oungggrtggﬁ'é)?é\]eoglﬁu%fﬁ&%ef%?% and
BLOCK Y. 1020.. The hottomtwo data,ro 012,..1014, .are shown for_ BLOCK. X
101. 0_ BRCERTWRcY fPs a BW“’\?H‘%“EW\QEP%'S fing e a&ﬂﬁ%‘?é“isdlza. Each
data row is conprised of data el enents nunbered from 7 through 1001051 SIMD
regi st epeungdagy he&&‘if@d’lf?ﬁ(%hHPWé"%i the jalgesithm slpuldnetaywoth 2 g1ep betWet14, C
1022, and D 1024. First, the bl ock boundary is characterized. The size and
di r ect i Wacksfif thee: is attmp edge alesg thedldokdokndmyunGanetallsthd eteprb@ivaed. This can be
represented by the equation:

adjacent blocks is considered a true edge if the size of the edge step is greater than the step

size that could be created by quantization. Similarly, other algorithms can be use to fit
surfaces over a block.

[00102] Some of the deblocking algorithms for the video compression methods H.263
and MEPG4 use a sign or signum operation and a absolute value operation. In these video
deblocking algorithms, the sign function computes the sign of the correction factor. The
absolute value operation is used to determine the magnitude of the correction factor and
compare variations in the video with predetermined thresholds. Embodiments of SIMD
instructions like the PSIGN and PABS as described earlier can be used together in
deblocking algorithms for H.263 and MPEG4. The signum operation involves evaluating
the sign value from a data and providing an indication of what is the sign value. For
instance, a signum operation on a data element will output a ‘0’ if the data element is zero,
a ‘-1’ if the data element is negative, and a *+1” if the data element is positive. For one

embodiment, the PSIGN instruction in accordance to the present invention can be used to
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=(A-4B+4C-D)/ 8. 1001061 Then, correction factor for arrays B 1014 and C
1022 are calculated wth an updown = SIGN(d) x (MAX(0, ABS(d) - MAX(O, 2 x
(ABS(d) - - strength)))) [001071 The correction factor for arrays A 1012
and D 1024 are calculated: =clipd |l ((A- D) [/ 4, d, / 2). [001081 Here,

t he absol ute val ue and maxi mum and cli ppi ng operations are used to conpute
t he magni tude of pixel correction factors dl and d2. The sign operation

al so uses the factor d fromthe first step to conpute the sign of the
correction factor di. Correction factors d, and d2 are either added or

subt r acpedidertbasigmen fiincgbnalidy.ues. The boundary pixels for arrays B 1014
and C 1022 are corrected: B =clip(B + ); d C clip(C 100109] The pixels

for arrag0d) L@@ Prbabh HRAMIAER HIREAANIERCHES oys AtTocArdbddinRd2. 1001101

The di calculation is a function called a updown ranp. The peak value is
when dgi.s.equal to .strength'. and.the wval ue gages to zero n I s equal
o 2 g Broet R R aretrisf B G R St W e By B gfene
quanti zation step size. Cenerally, “strength' is about half the step size.
The funbi¥st #ap tagqmuyg factars te|cogectivilies akpikels giong (e blogh border. tAndithisd, - - t he
absolute value of “d, / 2'. The function “clip()' clips the eval uated
resul t ¢ooreat piatlualet of piarls aRing'the korbadiyseding wkulitticing g mrs tdinpuaedinbe
i npl emented with SIMD instructions. For 47 this embodinent, the sign
oper at i (4B s&dild BRp! TRt BIRWiRS cxiniple @esEFbdNR: AT267Fe i ing algorithm of one

implementation. A and B are pixels on one side of a block boundary. A 1012 is an array

of pixels one pixel distance away from a block boundary. B 1014 is an array of pixels

along the block boundary. C and D are pixels on the other side of the boundary. C 1022 is

an array along the block boundary on the other side of the boundary from array B. D 1024

is an array of pixels one pixel distance from the block boundary in the same block 1020 as

array C 1022. In order to reduce a continuity artifact due to quantization between block X

1010 and block Y 1020, but preserving a real edge, deblocking is performed. The

deblocking results are labeled as A", B', C', and D".

{00104] Figure 10 illustrates the operation of a deblocking algorithm using SIMD

instructions in accordance with the present invention. Two blocks of data 1010, 1020, are

shown in Fig. 10. In this example, the blocks contain data for an image or video stream.

Each block is comprised of a plurality of rows and columns of data elements. For example,

a bleck in some image processing algorithms is a eight by eight block of data. Here, the

illustration is focused on the block boundary between BLOCK X 1010 and BLOCK Y

1020. The bottom two data rows 1012, 1014, are shown for BLOCK X 1010. BLOCK Y

1020 1s shown with the top two data rows 1022, 1024. Each data row is comprised of data

elements numbered from 7 through 0.
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instruction. Simlarly, the absolute val ue operation can be inplenented
wth PABSB or PABSW In this enbodinment, nmultiple pixel values for arrays
A B, Cand D are loaded into separate SIMD regi sters. For one enbodi nent,
t he debl ocking operations are applied to nore than one pixel colum at a
time or in parallel. Miltiple values of internediate values d 1 and d2 are
conputed in separate SIMD regi sters using sign, absolute value, an nmaxi num
instructions. The results A, B d D are conputed in separate SIMD
registers. Cipping operations can be conputed with SIMD maxi nrum and

mi ni nuni0019t r &Y oiseister0me bordedrivith tharpixelolatd for rrafs A1814M 104t €uct i on as
descri bed above is used in the nonlinear filtering debl ocking al gorithm of

this ent02d| aehbd 10EAhRigit RO bR bolidtiaby is CRRa@eK: A0 THeGReiahD NrE@bnle the
i npl emented with coding techniques |Iike those of H 263 or MPEA to renove

bl ocki 1 Hant+4.zat i ration of these two
conmon s e Rodetinffrils IEmABAT TRELONL QBRSO Br PR
multiplies in a deblocking aglgorithm enbodi mrents of the present schene
can speed up cal cul ati ons foazﬁ?"hégg"*c‘bér"@/eﬁ-gorithrrs and reduce code
size. For exanple, a single PSIGN instruction can replace the multiple
ar i t hndf09106] nstThers comention fadtortfaw ardys dh1MHdend C 1022pee tdcwhaed Mithalm  dat a
mani pul ation or instructions that cannot operate on packed data. Thus the
over al lupdbwh eaigtput can be inproved and processing resources freed up.
[001121 For one enbodi nent of a debl ocking algorithm the sign instruction

and the absokut “},@k UG d uratio havior. This
nmeans t hat fo&r' am[%ﬁédgzg( a s@rﬁpes? ﬂ%@s??i@?ﬁgﬁ—gﬁn - data with a
value -2n-1 will be evalpyated to 2"-1. In the case of a packed sign
instr ué‘ﬁlgﬁl a'hhq\?‘)b'feft' @at%fqrﬁlﬂ&w ﬁrlé'ﬂzgﬁépcl@&%%ui@a@fm to 8

d; = clipd1((A-D)/4,4d,/2).

{00108] Here, the absolute value and maximum and clipping operations are used to
compute the magnitude of pixel correction factors d; and d,. The sign operation also uses
the factor d from the first step to compute the sign of the correction factor d;. Correction
factors d, and d; are either added or subtracted from the pixel values. The boundary pixels
for arrays B 1014 and C 1022 are corrected:
B'=clip(B + d;); and C' =clip(C — d,).
[08109]  The pixels for arrays A 1012 and D 1024 are then corrected:
A'=A—-d2; D'=D +d,.

[00110]  The d, calculation is a function called a updown ramp. The peak value is when
d is equal to “strength’ and the value goes to zero when d is equal to *2 x strength’. The
value of “strength’ is determined by the quantization step size. Generally, “strength’ is
about half the step size. The function ‘clipd1()’ clips the result of ‘(A — D) /4’ to + or — the
absolute value of ‘d; / 2°. The function “clip()’ clips the evaluated result to a value of ‘0’

or ‘255’. Embodiments of this algorithm can be implemented with SIMD instructions. For
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and a negative second source elenent will be evaluated to 2w . in sone
cases, signed results are needed, so no positive value greater than 22"- -
1 is permtted. One solution is to force the nmaxi mum negative and positive
values to have the sane magni tude before the PABS or PSIGN instructions
are executed. [00113] The sign and absol ute val ue operations of one

enbodi nent can al so be applied to an MPEG4 debl ocki ng al gorithm as

descri bed bel ow. Ten pixels, five n either side of a block boundary, is
represented as: VO V1V2 V3 V41l VS V6 V7 V8 V9. The']' represents the

bl ock bdinetabydiment; tic signeopettiok chobadaglymefed hahadtEGNIEsk pSIGW = cp( VO -
VI) +cp(V1- V2 +cp(V2- V3 +rp(V3 - V4 +p (V4 - V5 + (p(V5 -

ve) + C%M@ctlon\/@imﬂaﬁp (t absol\/l?e) \SaTu&'%Jer:{n}{ﬁ CM?Q) 1%@&1@1‘1@? %%)PﬁiBéB bxt the

ABS(y) <= THRESHOLDI, coun [ grea er than or equal to

THRES S de el se. use node. block boundary S

21 s DCPaASc buisAnodismént b elinplxples bpamavion, Rt 208 B aploaded \d)
mn value = MN(VI, V2, V3, VA V5, V6, V7 V8). [00114] If (A BS(max val ue
- mn vlilt@J@E)PaPBt?SEMH r@gj%tmsl Far mm:nﬂlmdumcr)t thb deblotienDeperatieus etk appbied ect i on
steps 2 and 3 are done, otherwi se no correction is nmade. For the default

mode,  tdrRorahdroste pive] albimy at iaSinGAdrGH &Taﬂél Multl B fled of inYdnfediateV4+5 X V5-2
X V6)/81 a3, 1=(2xVI - 5xV2+5xV3- - 2xV4) 2xVS- 5xV6+5xV7- 2XV8) 18;

QUL TR I r e e
maximum instructions. The results A', B', C', and D' are computed in separate SIMD
registers. Clipping operations can be computed with SIMD maximum and minimum
instructions.

[00111]  The functionality of a sign instruction as described above is used in the
nonlipear filtering deblocking algorithm of this embodiment. Embodiments of this
deblocking algorithm can be implemented with coding techniques like those of H.263 or
MPEG4 to remove blocking artifacts caused by the quantization operation of these two
common video compression methods. By using a sign instruction that muﬁiplies ina
deblocking algorithm., embodiments of the present scheme can speed up calculations for
these coding algorithms and reduce code size. For example, a single PSIGN instruction
can replace the muitiple arithmetic instructions that have been needed to perform similar
data manipulation or instructions that cannot operate on packed data. Thus the overall
throughput can be improved and processing resources freed up.

[00112] For one embodiment of a deblocking algorithm, the sign instruction and the
absolute value instruction do not have saturation behavior. This means that for a packed

absolute value instruction, an N bit data with a value ~2"" will be evaluated to 2", In the

case of a packed sign instruction, an N bit data with a first source element equal to —2™
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wherein 60 evaluates to | if true and O if false. [00115] The boundary
pi xel s are then corrected. The function CLIP between p and q. For the DC
node, the correction factor is calculated clips r if m< 1, then if ABS(V1

--*V0) < @, then pm= VO, else p,,, if | <=m< 8, then pmif m> 8, then
if ABS(V8 V9) < a quantization factor, then [001161 Figure 11 is a flow
chart 11.00 illustrating one enbodi nent of a nethod to performa

debl ocki ng al gorithmusi.ng SIMD instructions. For exanple, such a

debl ocking algorithmcan be inplenented with code for H 263 and MWPE4
conpr esgidbanegstivostsondsourd dekerdt MR bepialedtediat 2 'f G sémé b4sss, siheck and a
second bl ock is received. The bl ock boundary between the two bl ocks are

char act pisiltesle akedel AoknolpkdRive VaRie QfealR 1iEn 0" I §GL h&ﬂ]iﬁ@cﬁt hSsoltidh s prput ed

on the packed pixel data at bl ock 1106 through the use of instructions for

packed sj rations that | t...pl v ,an acked absol ute val ue gperati ons.
The useFdég}gg)R%§%ﬁgélﬁ%7tB’F aﬂg'é%s"'ﬁes%hffég? 8?1"53 tﬁﬁ%ﬁﬁ“%@ﬁ%‘i‘}f‘idﬁg’eg’é‘? &éct i on
factors_for a_deblocking algorithmcan reduce the nunber of non-SI MD

i nst r ucPABAOT Rela angmaglionsareexssutede  ef fi ci ency of processing resour ces.
For exanpl e, one enbodi nent of a debl ocking sequence for imnmage processing
al gori t 9@t13]n e sigdand abdodutt helup bpaetidnsiofveOEmBEifIFAI Sl bc’?ﬁgﬁi&l
operation to determne the sign of the correction factor and PABS is used

to cal @uhdPEGHAebBAGLS mgsrimn ms&%ﬁ?swnrefngg;‘gs,bf-,@gq(ah@%ﬁdé&&ff1 the

boundary pixels for the irst block and the secon are corrected

with o e of the correcti alculgted with a sign
oper at @%%%%85%1?%??5&%&“%6 %Smggfﬁa\f{lg%(%{lgﬁfgo 1€ EG@I&VF‘SThus,
techni ques for a nethod, apparatus, and instruction for performng a sign
and mulths Blogk Berndagy. dfrshhe blockoyadaty isghiaragtesized:ai n exenpl ary enbodi nent s

have been
count = (V0 — V1) + @(V1 - V2) + 9(V2 - V3) + o(V3 —V4) +¢p (V4—V5)+
O(VS—V6)+ @(V6—VT)+o(VI—-V8)+p (V8—V9),
wherein @(y) =1 if the ABS(y) <= THRESHOLD], else o(y) = 0.

If count is greater than or equal to THRESHOLD?2, use a DC mode, else use default mode.
The block boundary is also DC characterized:

max value = MAX(V1, V2, V3, V4, V5, V6, V7, V8);
min value = MIN(V1, V2, V3, V4, V5, V6, V7, V8).

[00114]) If (ABS(max value — min value) < 2 x a quantization factor) then the DC related
correction steps 2 and 3 are done, otherwise no correction is made. For the default mode,
the correction factor is calculated as:
a3,0=(2xV3-5xV4+5xV5-2xV6)/8;
a3,1=(2xV1-5xV2+5xV3-2xV4)/8;
a32=(2xV5-5xV6+5xV7-2xV8)/§;
a3,0' = SIGN(a3,0) x MIN(ABS(a3,0), ABS(a3,1), ABS(a3,2));
d=CLIP(5 x (a3,0'—a3,0)/ 8, 0, ((V4 - V5)/ 2) x 8(ABS(a3,0) < a quantization

facton)), ‘
wherein 8() evaluates to 1 if true and 0 if false.

[00115]  The boundary pixels are then corrected. The function CLIP(r, p, q) clips

between p and q. For the DC mode, the correction factor is calculated as:
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described and shown in the acconpanying drawings, it is to be understood
that such enbodinments are nerely illustrative of and not restrictive on
the broad invention, and that this invention not be limted to the specific
constructions and arrangenents shown an descri bed, since various other

nodi fications may occur to those ordinarily skilled in the art upon
studying this disclosure. In an area of technol ogy such as this, where
growh is fast and further advangerentsdage Bﬁt easily foresefn, éhg Ca
di scl osed enbodi nents may be readi nodi fiabl e in arrangenent an e

as facilitat &dmpyl-dbergf (YécﬁHBFb@¥c@PﬂPaﬂ%ﬁh@éﬁﬁmﬁeijthout departing
fromthe pri #ch pF 85<o8, thheppre¥ant di scl osure or the scope of the
acconpanyi ngifohai §réhenGE ABSIBV ¥ AI9)i<sa quantig@idnifictor] thefp,2PWI! @bdis, QBT i Si ng:
a storage | ocation; and execution resources to execute a first 1nstruction

on a i you116permparencsa RALCNAR 1I0DTAShin B dibdFRBANES hltngAlyd 117!

I nstruction to store to said storage ocg result harlng a valy$ ?L:
id fi d,.f said, secon rand is a _positive value; zero i e
zgcond é%%?%ﬁ%ﬁ%gocy%ﬁ%orgg@d’éfnm HisUstoas Epssxamnds. sueh aidgbleckingoper and
if the second operand is a negative value. 2. The apparatus of claim!l
wher ei nalgggids ¢ande ’W@W&Fdi@%acherfgt H248 lked MiJiihoompressipn insthods. aAf i 1 st
plurality of packed data el ements and wherein said second operand is a
second hlack b pixal dqe fandistbIRed &idnosedorREIodnds ekl thhe BlocR3BlRMARAat a

el ements, and further wherein said result conprises a third plurality of

packed BkMvBerfthe W88 biockEaE Rhhcterized at block 1140.. One or more correction factors
are computed on the packed pixel data at block 1106 through the use of instructions for
packed sign operations that multiply and packed absolute value operations. The use of a
PSIGN and/or PABS instructions when computing correction factors for a deblocking
algorithm can reduce the number of non-SIMD instructions needed and increase the
efficiency of processing resources. For example, one embodiment of a deblocking
sequence for image processing algorithms in accordance to the present invention employs a
PSIGN operation to determine the sign of the correction factor and PABS is used to
calculate the magnitude of the correction factor. At block 1108, the boundary pixels for the
first block and the second block are corrected with one or more of the correction factors
that were calculated with a sign operation that multiplies or an absolute value operation.
[00117]  Thus, techniques for a method, apparatus, and instruction for performing a sign
and multiply operation are disclosed. While certain exemplary embodiments have been
described and shown in the accompanying drawings, it is to be understood that such
embodiments are merely illustrative of and not restrictive on the broad invention, and that

this invention not be limited to the specific constructions and arrangements shown and

described, since various other modifications may occur to those ordinarily skilled in the art
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said third plurality of packed data elenents set to a product of a signed
nuneric value froma first data elenent of said first plurality of packed
data elenents nultiplied by a sign of a corresponding data el enent of said
second plurality of packed data elements. 3. The apparatus of claim|l
wherein said first operand is a source/destination operand, wherein said
source destination operand is taken from said storage |location to conpute
said result and is overwitten by said result. 4. The apparatus of claim 2
wherein said storage | ocation conprises a register and wherein said second

oper and upen siutljiag tlds disgiosirer ntin RedGEEHoRRSsaChs thib, Wwhée 2RRANA fast of claim
4 wherein said first operand is a regi ster operand The apparatus of claim5

wherein i i i i i ion format including a MOD
RN 11 ol efdlel iant ory G Lo Ak e 60 2] clroBhapic b oo & 11 rst
i nstructl has,. instruction format ip which bits five through three of
an oper 5?1%% Bb"@i‘@’.'%‘& WP%“’%%@?‘?@“?‘&%S gF'Il‘é"cte"tl)'ﬁé‘Fr&hl!“&WCbﬂql%glﬁao t hr ough
zero of said operand-specifying byte specify said second operan The
appar at @4vasceraends withoviidspating Saindthe pristiples of thaprdsemt disdosare ornhé soopti on
format in which bits five through three of an operand-specifying byte
speci f y of the abe¢angiangipgiciiglsan bits two through zero of said

oper and- speci fying byte specify said second operan 9. The apparat us of
claiml wherein said first instruction is a packed sign instruction and
wherein said apparatus further conprises: an adder circuit; a first input
mul tipl exer coupled to provide a first input to said adder circuit, said
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first nultiplexer to select between the first operand and a conpl enent ed
first operan a zero detector to output a select signal in response to said
second operand: and a second input nultiplexer coupled to provide a second
input to said adder circuit, said second nultiplexer to select between
sai d second source operand and a zero value in response to a control
signal for said instruction. 10. The apparatus of claim9 further
conprising: a third multiplexer coupled to receive said first source
operand, said second source operand, and an adder output conprising a
conpl ement ed val ue of said first (Jp#&IMAd; selection logic to select one of
a first source operand, a second operand, or said adder output, based on a
magni t uhadsctl@msd g val ue of said second operand, wherein: if said

magni tude of said second operand is a zero, said selection |ogic causes

sai d segond gpaLARS: Egmﬂﬁn .ected; if said nagnitude of said second
operand is a non zero va and said sign value of said second operand is

positive, salq Selﬁ& j;on Igglc causes said first operand to be sel ected;
and if said $# auet d second operand is a non-zero value and said
sign val ue of sald second operand i s negative, said selection |ogic causes
sai d adder @EEPIAN rEgpUces sebxsctted. firdtlinstilicdomppafiatt wpeahd ahdik Bacondvher ei n
sai d execution resources conprise: a decoder to decode said first

i nstructi operamd, fahd it reppiSe ©Adaid @@ mb@dctioh @ stbRI tolsHiQeREe OBt RKIAONS; a
second physical register file, wherein said source/destlnatlon oper and

speci fi esr@ult hedhsh Shiuk Bt he second physical register file, wherein said
result value is an integer

said first operand if said second operand is a positive value;

zero if the second operand is a zero value; and

anegated version of said first operand if the second operand is a negative

value.

2. The apparatus of claim 1 wherein said first operand is a first packed operand
comprising a first plurality of packed data elements and wherein said second operand is a
second packed data operand comprising a second plurality of packed data elements, and
further wherein said result comprises a third plurality of packed data elements, each of
said third plurality of packed data elements set to a product of a signed numeric value
from a first data element of said first plurality of packed data elements multiplied by a
sign of a cofresponding data element of said second plurality of packed data elements.
3. The apparatus of claim 1 wherein said first opérand 1s a source/destination
operand, wherein said source destination operand is taken from said storage location to
compute said result and is overwritten by said result.
4, The apparatus of claim 2 wherein said storage location comprises a register and

wherein said second operand is either a register or a memory operand.

52



val ue. 12. The apparatus of claim 11 wherein said first instructionis a
sign instruction and wherein said decoder decodes said sign instruction
into a sign mcro-operation for execution by a first execution unit, which
is'a separate unit froman integer execution unit that perforns a
plurality of scalar integer operations that store results in the first
physical register file. 13. The apparatus of claim| wherein said first
instruction is a first packed data instruction and wherein said result
conprises a first plurality of result packed data el enents, each of said
first résult Thaskathtantfximnehwhersinrsaid firgt epevealduga exgisidr dperaadcor r espondi ng
one of a plurality of first source operands data elenments multiplied by a

correspendi NPhSiardd RIS Rh&EM BRITARCGRAELH0S hed arfinBirdbtdhifbimef second
sour ce operand ata elenments. 14. The apparatus of claim 13 wherein said

execut i g{eurdg]sglowwrhdf%g%néodetfo second instruction, are to store to
said storage ¥ ocation a second resd? conprising a second plurality of
result packed data el enents, each of the second plurality of result packed
dat a el énent Sh PRSP &!fé'aﬁuwbcrvlalsa'é figst ‘BStB’c‘}F‘P%gﬁ%ﬂwﬂﬁRﬁ“%lﬁé fmadith| urality
of source packed data elenents. 15. The apparatus of claim| wherein said
appar at whichits five Heodgir thresfof ma opéramsd-speaifpibl bytdapeci fyrthe finsopemmd armbhdabl e

medi um sai d nachi ne readabl e data bei ng manufacturable or sinulatable to

Pr ovi depigtive tRBNAR 2érdBf said Bperfnd5NCHTRE by QPRSI FySdaltPsecand Sstraiger file being

capabl e of storing packed data el enents; "an an "execution unit coupled to

sai d re I st ef z{pis raﬂﬂ%f c ?rBq%ﬁngntsﬁd?iégllg{t@rchéﬂy P%f an Bﬁﬁlﬁ'gn? tin

i nstr UC ‘i ons ues sal Sal execut1on unit

which bits five through three of an operand-specifying byte specify the first operand and
bits two through zero of said operand-specifying byte specify said second operand.

9. The apparatus of claim 1 wherein said first instruction is a packed sign instruction
and wherein said apparatus further comprises:

an adder circuit;

a first input multiplexer coupled to provide a first input to said adder circuit, said

first multiplexer to select between the first operand and a complemented first operand;

a zero detector to output a select signal in response to said second operand; and

a second input multiplexer coupled to provide a second input to said adder circuit,
said second multiplexer to select between said second source operand and a zero
value in response to a control signal for said instruction.

10.  The apparatus of claim 9 further comprising:

a third multiplexer coupled to recetve said first source operand, said second
source operand, and an adder output comprising a complemented value of said first
operand;

selection logic to select one of a first source operand, a second operand, or said

A
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responding to a first one of said plurality of packed data instructions by
storing into said register file a result conprising a plurality of result
data el enents, wherein said each of said plurality of result data el enents
is-equal to a corresponding one of a first plurality of source data
elements multiplied by a sign value for a corresponding one of a second
plurality of source data elenents for any value of each of said first
plurality of source data el enents and said second plurality of source data
el ements. 17. The processor of claim 16 wherein said execution unit is

- responsi veddep odtpae 664ed odEm&nitaad Shddd sipRkaluy obfaipasckrdiostad, wWhefeinict i ons by
storing into said register file a second 55 result conprising a second
plurality of res . : . rej i : i econd
plurality of r esﬂ*%a‘@g}tagmgldg@%g S?égﬂgagglﬁm?%agzr?ﬁg%éllgﬁglteg&vxgl? e of a
corresponding one of a thjrd Iur%Iit q% source data elenents. 18. The
processor of cFAPFA Sed seEeREeRerayitg b s7lEtedne of said plurality of packed
data instructions is a sign instruction and said second one of said
plurality of packéshidisagnitidestsaid s¢aond operaphisaywolzerevalad amd daidsigiict i on,
and where said processor further conprises a decoder to decode said sign

instruction i nyQuéof daicbdecONTSRTARAGE pbdive, 341 sélectibdosie cadeslsai@ gl ut e val ue
instruction into a second m cro-operation. 19. The processor of claim 16

further conpri sing: I.pkexar to receive inputs conprising a first
value for a fi%%?gﬁggéggkéﬁgéﬁégf said first plurality of source data

el enents, a second val ue for second,data el enent of ,said, second
plurality of souft¥dmesnimdeelsad seagpd QEﬂﬁ?fﬁisﬁd‘of‘bzcé%Yﬂ“? i“fdsﬁa‘dg%\%

el enment, and a third value for a negated version of said first value for
sai d first datesluecdioaishiecorfd epgrandfis pegatipe, said seleptiert logispanses gaid addsrenent s;
and output selection |ogic capable of selecting one of said nultiplexer
I nputs to out pstitput to be selected.
11.  The apparatus of claim 6 wherein said execution resources comprise:
a decoder to decode said first instruction;
a first physical register file for integer operations;
a second physical register file, wherein said source/destination operand specifies a
register in the second physical register file, wherein said result value is an integer
value.
12.  The apparatus of claim 11 wherein said first instruction is a sign instruction and
wherein said decoder decodes said sign instruction into a sign micro-operation for
execution by a first execution unit, which is a separate unit from an integer execution unit
that performs a plurality of scalar integer operations that store results in the first physical
register file.
13.  The apparatus of claim 1 wherein said first instruction is a first packed data

instruction and wherein said result comprises a first plurality of result packed data

elements, each of said first result packed data elements having a value equal to a
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as a sign operation resultant for a data el enment position corresponding to
said first an second data elenents. 20. A nethod conprising: fetching an
instruction that specifies a first operand having a first operand sign and
~a first operand nagnitude and a second operand having a second operand sign
a second operand magni tude; determning if said second operand is zero,
then storing zero as a final result of said instruction; an 5 determ ning
if said second operand is non-zero, then storing a final result having a
final result magnitude equal to said first nagnitude and a final result

si gn t herrekSor@ing stitcdfiaqurafityR@ kst Saiirte dpersids dpRIreintentd Multiphied Bpa d second
operand sign for both unitary and non-unitary val ues of said second

oper and_nmagni t.ude,. The i j i i perand is
2 F ot aeRu g g BF p SR thy ShELfY aMRES Selbri otk b€ PET 20
and wherein said second operand is a second packed data conprising a
second $At3¢l8MERE- of source data el ements, wherein if a data el enent val ue
for a particular elenent position in said second operand is positive, then
stori ngtda vafhecappactnsaofcbiimds pdrediimgaid asautibe msowrces, irsgbpboi¢ tost operan  as
a result for said particular elenent position in response to said

| NSt T UCleb Y inbthuctBhJarl @& f0R!t6 SBM btoVark Ustalioh a S&dofld Pesulticembasingh ement

position in said second operand is negative, then storing a value equal to
negative onge.ti .4 val u rqm [ ' ment of said
first osﬁ'é?"garepd"%’ s%tisrgsu(riitepsaghdeqagar cq%%?'g?’p? g?lf?féﬁl}ﬁ g%%Hnggn%ﬁ?Bgrg glild? ion; if said

data el enrent value for said garticular el ement ositi%n i.n §a
packed data elements being an absolute value of a corresponding one of a plurality o

second
source packed data elements.
15.  The apparatus of claim 1 wherein said apparatus is in the form of machine
readable data on a machine readable medium, said machine readable data being
manufacturable or simulatable to provide said apparatus.
 16. A processor comprising:
a register file being capable of storing packed data elements; and
an execution unit coupled to said register file and responsive to a plurality of
packed data instructions to store values in said register file, said execution unit
responding to a first one of said plurality of packed data instructions by storing into
said register file a result comprising a plurality of result data elements, wherein said
each of said plurality of result data elements is equal to a corresponding one of a first
plurality of source data elements multiplied by a sign value for a corresponding one of
a second plurality of source data elements for any value of each of said first plurality
of source data elements and said second plurality of source data elements.

17.  The processor of claim 16 wherein said execution unit is responsive to a second

one of said plurality of packed data instructions by storing into said register file a second
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operand is zero, then storing zero as said result for said particular

el ement position. 22. A nethod conprising: fetching an instruction that
specifies a first operand and a second operan determning if said second
operand is positive, then storing said first operand as a result in
response to said instruction; determning if said second operand is
negative, then storing a value equal to negative one tines said first
operand as a result of said instruction; an determning if said second
operand is zero, then storing zero as a result of said r instruction. 23_
The et hadit obmphisihga 22cont pheality shiregult dsth eleticntNwhearem qaiicdeel ofsaidh
instruction. 24. The nmethod of claim 23 wherein said first operand and

sai d segQpd Pﬂ%lﬁ?gf%@lt dﬁé‘%i&nﬁﬁ&@&yﬁ?@o%%%l@&%l&mrc ﬁrbﬂﬁm@m irst and

second plurality of ata el emsnts espectively. The net | ai m 24
further co S|n lg acked sign instruction into a first

mcro-i ﬂ%‘?gfl’c rgr? ﬁee‘? BFUE ai m 25 wherein said determning of
said second o erand co r| ses eval uating each individual data el enent of

sai d set®nd praxessorof chaimy I whareio ppidi fsbtrape of said pbvglity of packed dataf i r st

packed data instruction and a first packed data conprising a first

pl ur al i ingtradtions iy Ceghl ifsGuionrmadtsid 36wbnd oneodiuid predityofipdcked darapri sing a
second plurality of source data el ements; a processor to execute said first

packed gaddeians <4k @ﬂ%ﬂle ifsth R0 ARl We}'e cpﬁx%ccsktﬂ rQBFn?ﬁQES storage

Iocatlonaresut packed data conpri'sing a plurality of resul

decoder to decode said sign instruction into a first micro-operation and to decode said
absolute value instruction into a second micro-operation.
19.  The processor of claim 16 further comprising:

a multiplexer to receive inputs comprising a first value for a first data element of
said first plurality of source data elements, a second value for a second data element
of said second plurality of source data elements corresponding to said first data
element, and a third value for a negated version of said first value for said first data
element of said first plurality of source data elements; and

output selection logic capable of selecting one of said multiplexer inputs to output
as a sign operation resultant for a data element position corresponding to said first and
second data elements.

20. A method comprising:

fetching an instruction that specifies a first operand having a first operand sign
and a first operand magnitude and a second operand having a second operand sign and
a second operand magnitude;

determining if said second operand is zero, then storing zero as a final result of

said instruction; and
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packed data el enments, each of said plurality of result packed data el enents
being, for non-zero ones of said second plurality of source data el enents,
a function of both signs of corresponding ones of said first plurality of
source data elenents and said second plurality of source data el enents,
and being a function of a magnitude of only said correspondi ng one of the
first plurality of packed data elenents for unitary and non-unitary val ues
of said correspondi ng ones of said second plurality of source data

el ements. gj stem& (Eil aim 27 \g\ﬁrel n said first packed data instruction
is a packed F% guiserend SPerad i nonysTR Penstqrng il result hadngaent
positions corresponding to said first plurality of source data el enents.
29. The syﬁmfémsctm&@ﬂnd@@]lmhtersendrﬁrstanagxmde and 4 finafresubtsigrt thprisked dat a
elenments overwite a processor storage location storing said first packed

data. 30. MActinldéftoth GAHFsk ShetshdsiBRatt QR SRS SardReli o BhhGhigy be
fabricated or sinulated to embody an apparatus ‘conprising: a storage

| ocati on; n%?&%“td Wﬁﬁ%g%?gﬁdg&ogégﬁgﬁ%%stﬂé@ FOI nstruction on a first

operand and a secon eran said first instruction to
store t sal gpsto g cation a,  result having a_value of. said first

oper and rZQriherain éa‘B@ﬁ‘PP?’@"@'!ﬂ a/farst pasked fitat he second
oper and | s a zero vaI ue; an a negated version of said first operand if the
second opepEHTE & Hrs ph&@éty o gourceadatreeleiddnts, Tand witetdin kaid eéconli aperandissher ei n
said first operand is a first packed operand conprising a first plurality
of packsstofd@parked anearbmpasids WREIAH PLERIY of SAREIAPEARRs! Whétein
if a data element value for a particular element position in said second operand is
positive, then storing a value from a corresponding data element of said first operand
as a result for said particular element position in response to said instruction;
if said data element value for said particular element position in said second
operand is negative, then storing a value equal to negative one times said value from
said corresponding data element of said first operand as said result for said particular
element position;
if said data element value for said particular element position in said second
operand is zero, then storing zero as said result for said particular element position.
22. A method comprising:
fetching an instruction that specifies a ﬁ_rst operand and a second operand;
determining if said second operand is positive, then storing said first operand as a
result in response to said instruction;
determining if said second operand is negative, then storing a value equal to

negative one times said first operand as a result of said instruction; and

determining if said second operand is zero, then storing zero as a result of said
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second packed data operand conprising a second plurality of packed data

el ements, further wherein said result conprises a third plurality of packed
data el enents, each of said third plurality of packed data el enents set to
a product of a signed nuneric value froma first data el enent of said
first plurality of packed data elenments multiplied by a sign of a
correspondi ng. data elenent of said second plurality of packed data

el enents. 32. The article of claim30 wherein said first operand is a
source/ destinati on operan wherein said source destination operand is taken
from sai d Isft@mcaefe | ocation to conpute said result and is overwitten by
said result. 33. The article of claim 31 wherein said storage |ocation

conpri sE% a ThOmethod ofoldim Bheiheicin sid thsGeaids paikaddighinghictien. a regi ster
or a nmenory operand 34. The article of claim 31 wherein said first

| nstr “C%%?”Tﬂlgérg@{i’mh oF El%#x?g% %elfe%%gﬁta I[}ﬁérékgf; ;gﬂfsﬁid"@?oﬁ (?ﬂeﬂntﬁ' afe an opcode

field. rticle o aim Irst 1 nstruction is a

packed sign instruction.  and wherepn sajd apparat.us rther conprises: a
first i??ﬁﬁpaﬂssﬁtdm@wd%mwgt%hm %fé"%ijo Iﬁ}“fa ty ?frﬁ%{ﬁg?‘ae%‘ﬁ adder
circuit, said first nultiplexer to select between the first operand and a

conpl enmsspestivdly.r st operan a zero detector to output a select signal in
response to said second operand; a second input multiplexer coupled to

provi des sern@dethb@bf clhigh 3ARGthREERhpHdifi£dbchding SAl pasleaanch ibtnidtiBhexer to
sel ect between said second source operand and a zero value in response to

a contrgl, asféxgpﬁxlicr Ystidish i nstruction; a third multiplexer coupled to
recei ve sal Irst source operand, said second source operand, and an

id first operan sel ection

ogi ¢ (15 Sel BmBHES of e 71 Bhe g O AL B g OF S BB OBpERnd. or s d
comprises evaluating each individual data element of said second operand.
27. A system comprising:

a memory to store a first packed data instruction and a first packed data
comprising a first plurality of source data elements and a second packed data
comprising a second plurality of source data elements;

a processor o execute said first packed data instruction and to responsively store
in a processor storage location a result packed data comprising a plurality of resuit
packed data elements, each of said plurality of result packed data elements being, for
non-zero ones of said second plurality of source data elements, a function of both
signs of corresponding ones of said first plurality of source data elements and said
second plurality of source data elements, and being a function of a magnitude of only
said corresponding one of the first plurality of packed data elements for unitary and
non-unitary values of said corresponding ones of said second plurality of source data
elements.

\

28.  The system of claim 27 wherein said first packed data instruction is a packed sign
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adder output, based on a nmagnitude and a sign value of said second operand,
wherein: if said magni tude of said second operand is a zero, said selection
| ogic causes said second operand to be selected; if said magnitude of said
second operand is a non-zero value and said sign value of said second
operand is positive, said selection |ogic causes said first operand to be
selected; and if said nagnitude of said second operand is a non-zero val ue
and said sign -value of said second operand is negative, said selection

| ogi ¢ causes said adder output to be selected 36. The article of claim30
wher ei ningtaagionite sause aigh operations fosdaia tlement peattions catatsaonding ta saad fish and
wherein said result conprises a first plurality of result packed data

el ement Slurabiaedf sofircs @ath didmigits.r esul t packed data el enents having a val ue
equal to a <corresponding one of a plurality of first source operands data
el ementsg mul 44 pl. | i I r pondi ng one
of a pI%%alf?%B%$ gﬁ@%ﬁ égﬁﬁ%gagggﬁéﬂgaﬁéggg%gtéﬁ%%@é@ﬂg%a£éﬁéapparatus
conprising: . a storage |ocation; and execution resources to execute a first
i nstruc "leg‘ﬁ“‘(‘ir? PLOGGSPA (S1QE; al%‘l’f’(ﬂ“’&ﬁﬁ?“&g%‘écfﬁﬁ pagisddatid, said first operand
having a first magnitude and a first operand initial sign, said second
oper andthav i Ay ardicleeoonmuistger machisi rgadabkaneliemedhich may be $ahuicated ori n

response to said first instruction, to store to said storage |ocation a

resul t shhiatedi@embsay sh idpafdusaaiprisiige and said first operand initial sign
if said second operand is a positive operand, which is zero if the second

operand is 3 484 s and which as said first magnitude and a result
sign that is a p %@%ﬁ%ﬂggB%ajd first operand initia

execution resources to execute a first instruction on a first operand and a second
operand, and in response to said first instruction to store to said storage location a
result having a value of:
said first operand if said second operand is a positive value;
zero if the second operand is a zero value; and
a negated version of said first operand if the second operand is a negative
value.
31.  The article of claim 30 wherein said first operand is a first packed operand
comprising a first plurality of packed data elements and wherein said second operand is a
second packed data operand comprising a second plurality of packed data elements, and
further wherein said result comprises a third plurality of packed data elements, each of
said third plurality of packed data elements set to a product of a signed numeric value
from a first data element of said first plurality of packed data elements multiplied by a
sign of a corresponding data element of said second plurality of packed data elements.
32.  The article of claim 30 wherein said first operand is a source/destination operand,

wherein said source destination operand is taken from said storage location to compute
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sign multiplied by said second operand sign if said second operand is a
negative operand. 38_ The apparatus of claim 37 wherein said first operand
is a first packed operand conprising a first plurality of packed data

el ements and wherein said second operand is a second packed data operand
conprising a second plurality of packed data elenents, an further wherein
said result conprises a third plurality of packed data el enents, each of
said third plurality of packed data el enments set to.a product of a signed

nunericSmagaﬁ“aBP%ﬁgﬁrgﬁﬁﬁébéggék%ﬁﬁymwn of said first plurality of packed

data el enments nu of a correspondi ng data el enent of said

second uraljity of packed data elements. 39. The apparatus of claim 38
wher ei n Igé‘ai d lri‘f’ %‘P'é?l_fe"fa cg"d’é'ﬁ lonheseirsridstosags lpeagion cempeses atkgister mdai d second
operand is either a register or a nenory operand 40. The apparatus of claim
39 wher afharegmsaid $acpad oparatd i elthan rogistendr 4 mehoycdpeindf or mat i ncl uding a
MOD RIMfield, an opcode field. 41. The apparatus of claim40 wherein said

first i B8l r uThe aiioRAT ol NG k1B HrliiWhuctiddhabin GBsehlcliS Fdtgy L hr ough

three of an operand-specifying byte specity operand and bits two

thrOughﬁéﬁhﬂgﬁiNﬁﬁ5ﬂﬂ&ﬂﬁﬁ%gﬁbﬁggﬁh%%%”g byte specify said second operan

42. An apparatus conprisi e location; an execution resources to
execut e first packed instruction on a first packed operan having a first
plural i %§ of F§°‘§|°éﬁklﬁf1§0érm§rean sad 5 instioteah is percired shgvinstgquctios econd
plurality of data elenments, each data elenent of said first plurality of
dat a el andewheseihseid appardtuf ifurtiter oaprases: havi ng a first magnitude and a first
operand sign, each data el enent of said second plurality of data el enents

for said secofidt hpel AUHipha¥} Afipfeds pRIVHe IRINinbidS éﬂ%d& GRaRNdiPrerand
st gn, sal d execution resources, intr esponse to" sal
first multiplexer to select between the first opergnd and a complemented first operand;

a zero detector to output a select signal in response to said second operand;

a second input multiplexer coupled to provide a second input to said adder circuit,
said second multiplexer to select between said second source operand and a zero
value in response to a control signal for said instruction;

a third multiplexer coupled to receive said first source operand, said second
source operand, and an adder output comprising a complemented value of said first
operand;

selection logic to select one of a first source operand, a second operand, or said
adder output, based on a magnitude and a sign value of said second operand, wherein:

if said magnitude of said second operand is a zero, said selection logic .
causes said second operand to be selected;
1f said magnitude of said second operand is a non-zero value and said sign

value of said second operand is positive, said selection logic causes said first

operand to be selected; and
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[ [ ruction, to store to said storage |ocation for each data el ement
Lg;?:iggsgf a resultant operand a result which has said first nagnitude
and a resultant sign which is a function of both said first operand S|gnd
and sai d second operand sign if said second operand is a non-zero operﬁn ,
and which is zero if said second operand is a zero ,a ~ operand. 43. The
apparatus of claim42 wherein said resultant operand is conprised of ak 4
third plurality of data el enents, each of said third plurality of packe

. ; ; : dat a
I nts set .to. roduyct. of a signed numeric value froma first
g?te?reﬁt eg}e sai d fi‘?%’%l%P%ﬁ%f sgyfl seqond pRerapt is noneaeenyuerand sapd sigal by a

. . h Ked
' f corresponding data el ement of said secor)q plurality of pac .
315119 2 gl eﬁent S. )ﬂpi!‘e ?ﬁ@?‘bﬁﬁan@@mmdﬂs otgetive, 43idwhkrenmlogiti cdusds @&id@@dérocat i on
conprises a register an wherein said second operand is either a register

or a nmenory opeowpuk todb selétred.apparatus of claim 44 wherein said first

operand is a register. 46_ The apparatus of c: ai mt 45 wherein said register
for sai def i r gheQRRISHLIAM 50 WRedR Jid HEQLAIS LS QD packed data

instruction and wherein said result comprises a first plurality of result packed data

elements, each of said first result packed data elements having a value equal to a

corresponding one of a plurality of first source operands data elements multiplied by a

corresponding sign value for a comresponding one of a plurality of second source operand

data elements.
37.  An apparatus comprising:
a storage location; and
execution resources 1o execute a first instruction on a first operand and a second
operand, said first operand having a first magnitude and a first operand 1nitial sign,
said second operand having a second operand sign, said execution resources, in
response to said first mnstruction, to store to said storage location a result which has
said first magnitude and said first operand initial sign if said second operand is a
posttive operand, which is zero if the second operand is a zero operand, and which
has said first magnitude and a result sign that is a product of said first operand initial
sign multiplied by said second operand sign if said second operand is a negative
operand.
38.  The apparatus of claim 37 wherein said first operand is a first packed operand
comprising a first plurality of packed data elements and wherein said second operand is a

second packed data operand comprising a second plurality of packed data elements, and

61



further wherein said result comprises a third plurality of packed data elements, each of
said third plurality of packed data elements set to a product of a signed numeric value
from a first data element of said first plurality of packed data elements multiplied by a
sign of a corresponding data element of said second plurality of packed data elements.
39.  The apparatus of claim 38 wherein said storage location comprises a register and
wherein said second operand is either a register or 2 memory operand.
40.  The apparatus of claim 39 wherein said first instruction has an instruction format
inciuding a MOD R/M field, an opcode field.
41.  The apparatus of claim 40 wherein said first instruction has an instruction format
in which bits five through three of an operand-specifying byte specify the first operand
and bits two through zero of said operand-specifying byte specify said second operand.
42.  An apparatus comprising:

a storage location; and

execution resources to execute a first packed instruction on a first packed operand
having a first plurality of data elements anq a second packed operand having a second
plurality of data elements, each data element of said first plurality of data elements for
said first operand having a first magnitude and a first operand sign, each data element
of said second plurality of data elements for said second operand having a second
magnitude and a second operand sign, said execution resources, in response to said
first instruction, to store to said storage location for each data element position of a
resultant operand a result which has said first magnitude and a resultant sign which is
a function of both said first operand sign and said second operand sign if said second

operand is a non-zero operand, and which is zero if said second operand is a zero
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operand.

43.  The apparatus of claim 42 wherein said resultant operand is comprised of a third
plurality of data elements, each of said third plurality of packed data elements set to a
product of a signed numeric value frorﬁ a first data element of said first plurality of
packed data elements multiplied by a sign of a corresponding data element of said second
plurality of packed data elements.

44.  The apparatus of claim 43 wherein said storage location comprises a register and
wherein said second operand is either a register or a memory operand.

45.  The apparatus of claim 44 wherein said first operand is a register.

46.  The apparatus of claim 45 wherein said register for said first operand is also said

storage location.
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